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The method followed in the study was to asserb1e from the reoords 

at the Harney Branch Experiment Station all the agronomie, frost, 
and 

injury dats available for each of the important crops grown in 1914 
to 1935, inc1usi. From a study of the data to determine: what 

teniperathros injured each crop; what the stage of growth was, when 

injured; what the iict tender stage of growth. is, in the life of each 

crop; hen the various stages of growth occur; when tho frosts occur, 

and what practices avoided or reduced frost injury. 

The elevation at Burns is 4,139 feet, and. the atmosphere is 

dry. Severo frosts occur quite regularly in the irnth of May and 

killing frosts may occur as late as July 1. Killing frosts do not 

uua11y occur from July 1 to Angust 15. 

A review of the literature is iucluded, on the physio1or of the 
freezing of the plant tissue and the changes brought about in the hard- 
ening of plant tissue. 

Cereals in the grass stage were injured to some extent and oeca- 
siozmlly some plants were Idiled by a teuporature of 140 F. They wore 

not injured by a temperature of 21°. The flowers were generally killed 
by a temperatiire of 260 and they were sometixs injured by a tenDera- 

türe of 270 seeds were usually badly injured by a tenera- 
turo of 270. Cereals gro on dry land re nore susceptible to injury 
than when grown with irrigation. 

Rye vías hardier than the other cereals. 

Too early or lato seeding brought heading 
or maturity at a 

hazardous date. The best dates of seeding ero; wheat, April 20 to 

ILay 7; oats, April 25 to May 7; barley, May i to 14. 

Alfalfa was frequently wilted but was not 
permanently injured, 

when grown with irrigation, by the low temperatures 
regularly occurring 

at Burns. All alfalfa seed half mature was killed 
in the pod by a 

temperature of 270. 
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The plants of field peas wore very hardy. Plants only 2 
inches high withstood a temperature of 12° without injury. The 

flowers and seed were killed on dry land by a temperature of 3Q0 

Peas half mature were killed in the pods by a temperature of 29°. 

Potatoes emerge about June 12 and the tops are frequently 
injured while they are small. If a large seed piece is planted 
they are mere likely to recover. Only hardy vegetable s xy be grown 
successfully at the Burns Station. 

A choice of shade trees and ornamental shrubs is vory limited. 
Late spring freezes injure many species and the early fai]. frosts 

usually come before the current seasons wood growth has become 
hardened. 

There are several natural protective agencies from frost, 

such as: a short period of time of exposure to the minitun terkpera- 

turo in dry atmospheres; changes due to hardening of tissue; lowered 

freezing point of solutions; radiation of heat from the soil at 

night; the latent heat of water that is released when it freezes; 

the possibility of super-cooling of tissue; clouds prevent the more 

severe low temperatures, end wind aids in equalizing temperatures over 

wide areas. 

Protective measures available in practice are discussed. 

Such as: choice of hardy stock; breeding hardy varieties; use of 

fertilizers; timely harvesting; use of covers; means of retaining 

snowfall for its protection, and the use of vigorous seed. 

Weather conditions indicating the approach of low temperatures, 

are summarized. 

A general summary and. discussion is included. 
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STUDIES OF FACTORS AFFECTING INJURY TO CROPS BY L011 

TEJPERATURES DURING TuE GROWING SEASON 

INTRODUC ION 

Many of the agricultural crops in some sections of the 

country are occasionally seriously injured by low temperatures. 

Some of the crops in most sections receive injury some years. 

tions: 

The losses resulting from frost injury raise three ques-. 

1. What temperatures will injure our various crops? 

2. 1/That factors operate to increase or decrease injury 

from low temperatures? 

3. What practices will prevent or decrease injury from 

low temperatures? 

The climatic conditions at Burns are such as to offer con- 

siderable opportunity for the study of the influence of low tempera- 

tures on the crops groi there. The elevation at the Harney Branch 

Experimexft Station is 4139 feet. Light frosts occur every morrth of 

some of the years. Heavy frosts frequently occur in the early pare 

of the growing season. 

A study of the climatic and agronomic data, with the notes 

available onthe injury to the crops, should reveal some of the 

factors influencing injury by low temperatures, anì indicate 

methods of preventing or reducing it. 
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REVIEW OF LITERATURE 

ysiological Processes and Causes of Injury from Freezing 

Miller (32) in his textbook on plant physiology, explains 

the physiological processes, in plant cells, involved in the freez- 

ing of plant tissue. When freezing occurs water is withdrawn from 

the interior of the cell and frozen in the intercellular spaces. 

When it freezes, the cell walls, by force of imbibition, draw water 

from the interior of the cell. Withdrawal of water from the cell 

increases the concentration of solution and consequently the osmotic 

pressure in the cell. This force tends to hold the remaining water 

and therefore decreases the rate of movexint of water out of the 

cell and consequently the rate of freezing. 

Foote and Saxton (12) found from their experiints that the 

protoplasm of cells contains three types of water; namely, free 

water, which freezes easily; capillary water, which freezes to so 

extent at a temperature considerably below 32 F.; and fixed water, 

which would not freeze at _13.00 F. 

Prur3et (2) found that, when frozen tissue thad and wilted 

there was a loss of moisture by evaporation. The water frozen in 

intercellular spaces is free and may be lost by evaporation directly 

from the frozen condition or from. the liquid when it thaws. 

Peltier and Tysdal (35) found that when frozen tissue was 

warmed very slowiy under humid conditions, the injury was greatly 

reduced. 



3 

Aziderson and Kiesselbach (4) found that plants that were 

cooled rapidly were injured more than when they were cooled slowly. 

This fact indicates plants hava a way of adjusting themselves to 

freozn which reduces the injury. 

Death is attributed to chemical or physiological changes in 

the protoplasm. It probably is usually due to both. 

Water nay be cooled slightly below 32° F., if it is not dis- 

turbad in any way, without ice crystals forming. As soon as ice 

begins to form the temperature of the water rises to 32° F. This is 

called super-cooling and ny be the nans of saving plants from 

injury in the event of a light freeze. 

Wright, Feacock, and Lombard (50) cooled potatoes to 25° F. 

and warmed them again without injury to many of the tubers. 

Water containing dissolved materials nmst be reduced to a 

lower temperature than pure water before it will crystallize. All 

plant juices contain sugar or starch and. sorne form of protein. The 

greater the anunt of material in solution the lower the tempera-. 

ture must be for cell solutions to begin to solidify. 

As liquids freeze, heat is given off. It is called latent 

heat and must be supplied again to change frozen material into the 

liquid form. It is a protection in freezing because the heat given 

off helps to warm the plant. 



Hardening of Plant Tissue 

Nature brings about certain ohaes in the tissue in many 

plants which fortify them against low temperatures. This is re-. 

ferred to as the hardening of plant tissue. In frozen tissue a 

part of the water (known as bound water) is held in the cell by the 

protoplasm and is not frozen. In the hardening process the concen- 

tration of the cell sap is raised and the protoplasm is changed so 

that it will hold a greater amount of water against freezing. 

Martin (28) says that hardy wheats are characterized by a low 

moisture content of the tissue, a high percentage of total solids in 

the cell sap, a high percentage of bound water, and a low rate of 

respiration at low temperatures. 

It has consistently been found that the amount of sugar is 

increased and the amount of starch decreased in the cell sap in the 

hardening process. 

The most important changes in the plant cells in the harden- 

ing process are: 

1. The starch is partially or all changed to sugar. 

2. Frequently the amount of pentosans is increased. 

3. The concentration of the solution is increased. 

4. The changes increase the force of imbibition in the 

protoplasm and this results in an increase in the 

amount of bound water. 



Harvey (18) indicates that there is also a tendency for the 

protein to change to t} more simple forms in son plants. Consider- 

able work has been done in search of definite figures on concentra- 

tions, osmotic pressure, etc., that would be reliable indicators of 

the frost hardiness of plants. However, the amount of increase in 

concentration of cell sap, rise in osmotic pressure, increase in 

sugar, etc., in the hardening process varies greatly in species and 

varieties of plants and with environnEntal factors. Therefore, the 

concentration of non-hardy varieties is sometimes higher than that 

of hardy ones, and cannot be used as indicators, according to 

Janssen (24) and Gunnar, Niisson, and Leisrier (15). 

In the process of maturity of annual crops, the amount of 

moisture decreases until there is normally less than 12-15 per cent 

in the seeds, the only living part of many matured plants. As long 

as the moisture content remains so low most seeds are very hardy 

even to extreniely low temperature. 

As the moisture content of seeds increases they become pro- 

portioxiately less resistant to low temperatures. Adams (3) sub- 

jectod seeds to liquid air temperatures and found moist seeds were 

killed in six hours and dry seeds were not injured by 24 hours1 

exposure to the saine temperatures. Pecquerel (3) obtained the 

same results as Adams with liquid air at a temperature of -300° F. 

In perennial plants, tissues are hardened by normal life 

processes as the temperatures gradually become lower in the autumrrt. 

This characteristic, at least in some plants, is inherited and is 



not entirely deper1ent upon exposure to low temperatures, according 

to Dorsey (11), ewnan (34), and Covillo (9). However, exposure to 

low temperatures will result in a certain amount of hardening of 

most plants at any stage of growth. Rosa (39) hardened cabbage, 

lettuce, tomatoes, and other plants when they were just large 

enough for transplanting, and observed the results of various 

methods of hardening and the results of the hardening process on 

plants. Peltier and Tysdal (36) hardened alfalfa plants. Hill and 

Salmon (21) hardened cereal plants at different stages of growth 

and found a considerable difference in the capacity of varieties 

to harden. The hardening of fall sown grains by nature is an ex- 

ample of natural hardening in the earlier stages of growth. 

Rosa (39) investigated quite thoroughly the effects of the 

hardening process on vegetables. Cabbage plants hardened by ex- 

posure in cold freines mere smaller and stockier than unhardened 

greenhouse plants. The plants viere tough and leathery in texture. 

The development of pink color, especially in the sterns and petioles, 

was conspicuous in all cabbage plants. Somewhat similar changes 

occurred in several of the other vegetables that were hardened. 

Salmon and Fleming (40) could find no difference in cell structure 

in hardy and tender varieties of cereals. Waister (48) observed 

greater lignification of xylem bundles in barley plants grown at 

59° F. than in plants grown at 66° F. This would make the plants 

grown at the lower temperatures stiffer and stronger. Rosa (39) 

found smaller and more compact palisade cells in hardened plants 
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than in non-hardened ones. Tomato leaves were an exception in that 

they were generally thinner in hardened plants. 

The growth of plants subjected to any of the hardening treat- 

monts was checked in proportion to the intensity of the treatment. 

Decreased water content is associated with increased force of 

imbibition, and increased concentration of the cell sap. These 

forces tend to retain water in the cell during freezing. 

The freezing point depression obtained r Rosa in the hard.- 

ing process, ranged from 1.26° F. to 2.88° F. His results with the 

material used are similar to the data obtained by Chandler a:d 

:ary vhi1e working on the s ame problem. 

Cabbage plants were found to have a progressively smaller 

anunt of water freezable at 230 F., the longer they are exposed to 

hardening. The decrease in freezable water was most rapid in the 

first part of the hardening process. Anderson and Kiesselbach (4) 

found the degree of hardiness of winter wheat increased as the cold 

intensity increased in the winter. The concentration of cell sap of 

cereals was found by LicCool and Miller (30) to be greater in dar- 

time than at night. The amount of freezable water was greatest at 

night when the concentration was lower. Hardened cabbage plants 

lost less moisture by transpiration per unit of leaf area than 

tender plants under the same conditions. The tomato and other 

plants that do not respond so vieil to the hardening process are not 

greatly affected in the amount of transpiration. 



Any hardening treatment of plants which possess potential 

hardiness, causes a considerable increase in sugars and a decrease 

in starch, while the total polysacoharide figure reuains nearly 

constant because of an increaso in pentosans. Plants, like the 

tomato, lacking potential hardiness, increase only slightly in 

sugars and enormously in polysaocharides due mostly to an increased 

starch content. The increase in unt of water found to remain 

unfrozen in hardened plants cannot be accounted for entirely by in- 

crease of substances having a low eutectic point. A striking prop- 

ery of the pentosans is their power of swelling and taking up an 

enormous amount of water. The hardening process caused an increase 

in the pentosan content of the protoplasm of t cells both in 

artificially and naturally hardened material. Spoehr (44), HooLor 

(22), and others f roiri their experiments, consider pentosans largely 

responsible for cellular water-retaining power. 

Besides exposure to low tençeratures there are several other 

methods of increasing the hardiness of plants. Rivera (37) found 

that all cultural conditions which tended to increase the percentage 

of dry matter in wheat increased hardiness. Schaffnit (41) found a 

gradation in the amount of dry matter in different varieties of 

wheat in direct proportion to their resistance to low temperature. 

'.Tithholding water from plants decreases the amount of water in the 

cells and therefore increases the conoentration of the cell sap and 

increases hardiness. 
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Hì'obard and Harrinton (20) found that the freozin point of 

the sap of roots and tops of corn plants fell regularly as the 

moisture content of the soil in which the plants were crown was 

decreased. A drop from 3]. per cent to li por cent noisture in the 

soil increased, the freozing point depression from 3.24° F. to 

o o_, o 3.96 F. in the tops and from .38 . to 1.75 F. in the roots. 

Rosa (39) compared the effect of ii/lo Na1I03, M/10 NaC1 aM 

tapwater on the hardening process, with plants growing in both sandy 

and oompostod soils. Strong salt solution raised the concentration 

of the soil solution to the extent that the aunt taken in by the 

plant was reduced d the concentration increased in the plant 

cell, thereby increasing the hardiness of the plant. 
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LETHODS AID MATERIALS 

The rnethod followed in the study was, first, to assemble all 

the weather and agrononii.c data pertaining to the subject that was 

available at tho liarney Branch Experinnt Station. Second, the 

agronomie and weather data were compared to find the result of 

re-occurring low temperatures on the crops at their various stages 

of growth. 

All the temperatures of 290 or less occurring in the month 

of May and all temperatures of 320 or less occurring from June 1 to 

the first killing frost in the fall for the 22 years, were assembled. 

in one table. Such other pertinent weather data as were available 

for the days on vthiøh freezing temperatures occurred were also in- 

cluded in the table. 

The agronomie data on each of the crops, wheat, oats, barley, 

rye, and peas for the entire period were assembled in separate 

tables. The data included material on nurseries, plots, and increase 

fields. The crops were all gro'm on dry land from l9l to 1919, 

inclusive, and mostly all with irrigation from 1920 to 1935 in- 

elusive. V'nerever particularly good comparative data were avail- 

able, a table was made to include them. It is conceded at the out- 

set that the thods and materials employed were largely under field 

or plot conditions, not under control, and therefore not ideal or 

always strictly comparable. Under natural conditions there are al- 

ways several factors entering in to increse or decrease the extent 
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of injury from low temperatures. it is believed, however, that 

the frequent occurrence of frost at Burns and the carefully 

recorded results on crops under various conditions and at various 

stages of growth over such a long period of ti provide a mass 

of data, the analysis of which has given son new facts and make 

the study valuable. 
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CLIL1AIC DATA 

The elevation at the ifarney Branch xperiiint Station is 

4139 feet. The range in tenerature is extrere, very frequently as 

much as 50 degrees in one day. The absolute inhx.un temperature in 

the winter ionths ranges from 10 to 45 degreos below zero. The 

absolute naxi]muu suiimr temperature rances from 98 to 100 degrees. 

Besides a daily wide range, the temperatures fluctuate coniderab1y 

froxa day to day in the winter and suiner. Temperatures of 32 

degrees or below are registerod every calendar month, sons years. 

At this experint station 29° F. is recorded as a frost. The 

average frost-free grovring season, or that period in the suiner 

months during which the temperature does riot fall down to 29° F., 

is 64 days. The frost-free growing season in the 22 years has 

fluctuated from 22 to 95 days. The frost-free growing season was 

registered one season as falling entirely before July 7 and another 

season as coining after July 7. In the history of the station, there 

has been a killing frost of 29 degrees or less 11 tiixs in seven 

years during the last ten days of June, and also nine tines during 

the month of July in eight years. The unan teneraturo of April is 

43 degrees, the temperature at which most agricultural crops begin 

growth. With the wide range in daily temperatures and considerable 

fluctuation in mean temperatures from day to day, it is not unusual 

for a temperature of 22 degrees or loss to occur as late as the 

first few days of June. 
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The thernioxters from which the temDerature roadins were 

taken at the Harney Branch Experint Station are mounted in a 

Standard U.S.D.A. Weather Bureau instrument shelter approximately 

three feet above ground. Standard thermoriters are used. The 

shelter is located near the buildings on the southwest corner of 

the station. The distance from the thermometer to the crops ob- 

served varied from 600 to 3960 feet. 

It is apparent at once from the weather data that the crops 

at this station are annually subjected to extremely low temperatures. 

A temperature of 140 F. occurred as late as IJay 25, 1918. Tempera- 

tures of 17° to 210 F. have occurred eight times in 22 years about 

June 1. A temperature as low as 240 F. occurred on July 1, 1935. 

The maxiimun temperature frequently is very close to 
5Q0 above the 

minim.ua when late spring or early fall freezes occur. The evapora- 

tion from a free water surface is frequently more than .25 of an 

inch in 24 hours. High winds often precede a frost, but there is 

usually very little wind during the time of the freeze and for 

several hours following it. 

The low temperatures occurred frequently in some years. 

There were 13 killing frosts in LIay, 1916, varying from 14° F. to 

29° F. with a temperature of 19° on the thirtieth. There were 10 

killing frosts in June of the same year. In seven of them the 

temperatures were 260 or loss. On the tenth, eleventh, and 

twelfth, the temperatures were 22°, 24° and 26° , respectively. 

On the twentieth, twenty-first, and twenty-second the temperature 
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dropped to 26° each day. August 18th, 19th, and 20th, 1916, the 

minimwn temperatures were 270, 240, and 270 F. 

There were nine killing frosts in hay and nine in June in 

1917. The temperature was 27° on June 30th. 

Ten killing frosts occurred in May, 1918, with a temperature 

of 14° F. on May 25th. 

The month of May, 1920, was even moro outstanding. A tempera- 

ture of 29° or less occurred 21 timos and the miniimm on the 30th 

and 31st was 17° F. 

May escaped with only three killing frosts in 1914, 1923, ad 

1925. 

The month of June escaped in 1921, 1927, 1932, and 1933 with- 

out a temperature of 29°, and without a temperature of 32° in 1927 

and 1932. 

Following the minim temperature of 24° July 1, 1935 the 

temperature rose to 720 and the average wind velocity for the day 

was 7.6 miles per hour, or about three times the average velocity 

for the month of July. Usually there are no killing frosts in the 

month of July. However, the temperature drops to 340 every year, 

someti during the month. 

Temperatures slightly below freezing occurred on seven years 

but no injury resulted. No m!niim temperature as low as 320 oc- 

curred in the month of July seven of the 22 years. Temperatures of 

290 or lower occurred in seven of the Julys in 22 years. Only two 

of these temperatures were below 290. A temperature of 280 occurred 
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on July 2, 1921 and 240 on July 1, 1935. A temperature of 32° if 

maintained long enough will freeze pure water. Water containi.ng 

materials in solution mist be reduced to a temperature lower than 

320 to freeze. Because plant juices contain materials in solution, 

a temperature of 290 is necessary to freeze them. 

gust escaped without a temperature of 29°, ten of the 22 

years. A temperature of 27° or 260 occurred between Atst 15 and 

20, inclusive, on five of the 22 years. 

The data indicate frequent killing frosts until the first few 

days in June, then a comparative frost-free period usually occurs 

for about two weeks. A rather low temperature often occurs between 

June 15 and July 1, and it occurs nro often between the 15th and 

20th of June. 

A severe freezing temperature usually does not occur from 

June 20 to Axgust 15. However, the temperature drops so noar freez- 

ing sontin during that period every year that there is a1ways 

danger of frost injury. 

Cox (lo) states, "In drier atmosphere a range in temperature 

is usually wide. The temperature does not stay at the lowest point 

very long but usually starts to rise inirrdiately." 

The data on the occurrence of frosts from May 1 to the 

first fall killing frost is recorded in Table 1. 
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Table 1. Frost data for the months of May to the first killing 
frost in the fall for the years 1914 to 1932, inclusive. 

Year 1nth Day Tenperature Proc. i Evap. Wind 
Ó û O Max. O ..Lin.C) O Vol. 

1914 May 4 60 24 .247 5.0 
5 67 21 .227 3.9 

12 77 26 .328 2.8 
June 5 51 21 .210 4.2 

21 65 30 .353 7.6 
22 73 28 .267 4.3 

July 21 77 30 .321 3.4 
Aug. 17 72 28 .290 5.1 

18 80 30 .207 2.9 

1915 May 2 48 25 .01 3.6 
4 58 26 45 
5 63 28 --- 3.3 

20 63 27 .172 5.8 
25 60 27 .126 5.3 

June 2 61 30 .328 8.0 
19 67 30 .388 6.4 
20 73 29 .165 1.6 

July 15 78 29 .220 2.5 
17 72 27 .246 3.7 

Sept. 7 29 
8 28 

1916 May 7 62 18 .229 8.2 
9 60 28 .01 .191 15.0 

10 49 26 .219 7.3 
il 48 14 .184 4.3 
12 47 22 .100 6.0 
13 54 20 .136 5.0 
14 56 24 .169 4.0 
15 61 25 .178 3.3 
22 49 29 .255 9.5 
26 61 29 .170 8.2 
28 71 27 .292 8.2 
29 61 26 .295 6.0 
30 55 19 .169 7.9 

June 1 51 29 .207 5.3 
2 65 25 .161 3.0 
6 70 29 .266 4.3 

10 67 22 .317 6.1 



17 

Table i - continued 

Year Month Dazj Temperature Prec. Evap. Wind 
Ó O ÓMax. O Min. O O O Vel. 

1916 June 11 56 24 .295 5.2 
coni;. cont. 12 71 26 .204 2.7 

20 52 26 .02 .21b 6.5 
21 4o 26 .11 .137 4.B 
22 69 26 .108 2.8 
28 62 28 .04 .123 3.7 

July 18 70 32 .162 2.9 
Aug. 9 77 32 .235 3.7 

18 55 27 .107 3.4 
19 70 24 .123 2.1 
20 75 27 .246 3.2 
21 80 30 .119 2.3 

1917 Liay i b4 29 .03 .113 4.5 
2 59 19 .123 4.]. 
3 66 22 .197 6.4 
4 56 26 .276 6.6 
s 64 18 .162 2.7 

16 52 26 .195 .8 
18 60 26 .184 4.3 
19 59 29 .124 5.3 
31 62 28 .184 4.3 

June 1 74 28 .267 8.0 
2 59 22 .235 7.3 
3 57 24 .115 3.4 
4 66 20 .152 3.5 
5 73 27 .187 2.7 

11 52 29 .01 .210 5.7 
12 64 25 .077 4.3 
25 80 28 .148 1.3 
30 76 27 .307 4.2 

July 25 91 32 .240 2.3 
Sept. 4 86 29 .258 3.5 

s 80 28 .135 2.0 

1918 iíay 6 66 25 .071 5.2 
7 72 26 .645 5.7 
9 56 16 .190 1.3 

12 77 24 .308 .8 
17 63 22 .118 3.4 
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Table 1 -contied 

-- 
Year Líonth Day Tenerature 

Max. 

Q___ 
I4in. 

Proc. Evap. Vlind 
Vol. 

1918 ivIar 20 62 22 22 5.7 
corrt;. coixt. 21 60 12 .117 3.3 

22 71 21 .190 2.1 
24 59 22 .397 7.6 
25 52 14 .212 6.5 

Jurie 1 70 20 .243 3.5 
2 75 27 .225 4.5 

29 80 30 .27 3.7 
July 27 78 2 .237 2.6 
Aug. 12 75 30 .194 2.2 

21 67 29 .087 .3 
28 84 30 .209 2.0 

Sept. 5 79 31 .210 1.8 
24 66 26 .131 1.3 

1919 Llay 3 61 24 .272 6.6 
4 64 19 .206 4.4 
6 71 22 .185 4.3 
7 77 25 .117 3.2 

10 68 24 .216 7.1 
11 67 29 T .103 5.3 
12 60 25 .159 10.7 
13 76 27 .321 7.3 
30 56 23 .320 13.2 
31 65 18 .203 7.6 

June 1 70 2]. .1?3 
4 80 28 .286 5.1 
7 72 27 .296 7.]. 

11 65 25 .193 6.]. 
12 72 26 .185 5.0 
13 74 29 .217 6.6 
14 70 28 .179 8.2 

July 7 81 29 .127 5.0 
18 84 29 .210 4.2 

Aug. 4 78 32 T .207 4.6 
Sept. 6 62 30 .02 .127 4.0 

9 72 29 .083 2.0 
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Table i - corrtined 

Year Lonth Day Tenperature 
ax. Min. 

Proc. Evap. Wind 
---__V!l. 

1920 May i 48 16 .201 6.7 
2 56 15 .144 3.0 
3 64 22 .2cl 4.1 
4 65 25 .254 4.1 
G 70 27 .151 2.4 
7 73 28 .388 4.9 

lo 60 26 .307 5.9 
11 66 26 .224 3.9 
12 70 26 .265 3.9 
13 71 26 .219 4.7 
16 71 28 .204 3.9 
18 73 25 .241 5.0 
20 78 29 .273 8.5 
22 67 26 .261 4.7 
24 55 23 .24 .089 4.2 
25 53 29 .03 .142 3.1 
26 77 26 .089 6.3 
27 75 27 .25]. 7.2 
20 60 28 .301 5.1 
30 57 1/ .231 5.1 
31 60 17 .285 6.9 

June 1 66 21 .137 2.9 
5 66 27 T .202 2.1 

24 69 29 .300 4.8 
27 77 29 .347 3.2 

July 14 84 32 .198 2.5 
22 80 29 .260 3.2 

Aug. 18 70 26 .201 2.6 
30 70 25 .144 3.0 

1921 Lay 2 52 24 T .197 7.0 
3 63 25 .200 5.3 
8 65 28 .250 6.6 
9 70 28 .190 4.4 

11 70 25 .140 5.0 
12 75 27 .199 2.9 
27 66 25 .303 6.1 

Juno 15 60 31 .213 6.1 
17 65 31 .131 4.1 

July 2 65 28 .251 7.9 
3 73 30 .266 3.9 
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Table i - continued 

Year Month Day Teerature Proc. Evap. Wind 
Ó O O _ iax. T Min. O O O Ve 1. 

1921 Aug. 29 88 32 .246 2.2 

cont. 31 87 31 .301 5.0 

Sept. 3 60 31 .17 .093 3.3 

4 70 30 .192 1.1 

5 75 31 .038 3.0 

10 68 23 .180 2.6 

1922 May 1 67 27 .146 3.6 

9 51 28 .161 8.8 

10 50 21 .213 7.6 

11 60 19 .126 3.2 

21 63 28 T .146 4.4 
22 64 26 .188 3.8 

26 57 23 .176 4.9 

27 61 25 .196 4.0 

June 23 78 28 .267 3.1 

Aug. 15 66 32 .222 3.5 

20 78 30 .161 2. 

31 68 30 .269 3.8 

Sept. 6 64 29 .01 .206 4.5 

1923 May 2 57 28 2.9 

27 55 22 3.6 

28 63 20 .10 3.1 

June 3 70 32 .02 5.0 

13 55 32 6.2 

14 65 29 .03 4.2 

17 63 32 2.5 

18 67 32 2.7 

July 31 81 32 4.1 

Sept. 6 85 32 1.8 

18 76 22 2.1 

1924 May 3 73 26 .291 5.8 

5 54 13 .158 4.3 

6 68 23 .165 4.9 

7 75 24 .162 1.0 

28 59 29 .231 5.5 
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Table 1 - contii.ued 

Q Q Q Q Q 

Year Q ìdonth Q Day Q _ Tenerature Q Free. Q Evap. Q Tilnd 
O O ÔLax. LIin.Ó O OVel. 

1924 June 5 82 25 .360 4.6 
cont. 9 75 26 .313 5.4 

19 73 26 .238 5.1 
20 82 27 .211 2.4 

July 7 82 29 .375 5.5 
16 80 3]. .219 3.0 
23 83 30 .361 3.9 

Aug. 9 87 31 .245 1.8 
17 80 32 T .252 2.9 
20 71 27 .228 3.7 
21 78 27 .160 2.0 
30 84 28 .283 23 

1925 May 3 71 27 .202 3.2 
8 56 28 .120 2.2 

50 57 30 T .183 5.0 
June 8 74 30 .152 3.0 

11 70 27 .123 4.9 
13 66 30 .160 5.0 
14 64 3]. T .243 4.8 

ALlg. 15 72 27 .253 2.7 
16 77 31 .179 2.0 
19 91 32 .252 2.0 
22 78 32 .390 5.6 
24 71 25 .173 2.1 

1926 iay 6 48 28 .13 .060 4.3 
7 50 29 .02 .098 4.3 
9 58 22 .131 2.5 

10 65 24 .161 2.3 
15 73 28 .216 3.8 
21 79 29 .195 3.6 
25 65 21 .186 2.6 
26 68 27 .299 3.9 
30 72 26 .284 5.5 
31 82 28 .234 2.6 

June 11 74 31 .300 5.9 
li 63 30 .08 .3.17 4.3 
16 76 28 .169 1.8 
20 70 31 .110 2.8 
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Table i - continued 

Year Month Day Temperature Prec. Evap. Wind 
Max. L'tin. Vel. 

1926 Aug. 27 76 31 .206 3.0 

cont. Sept. 3 75 2i .180 3.0 

1927 May 2 56 20 .129 2.1 

4 59 20 .17]. 5.1 

18 62 24 .119 4.3 

20 50 29 .184 7.6 

29 59 22 .145 4.7 

Aug. 31 77 25 .194 3.0 

1928 Líay 1 52 22 .181 6.0 

2 54 21 .136 3.8 

3 59 19 .142 2.8 

4 74 29 .159 3.3 

5 84 29 .200 4.3 

31 72 24 .216 4.2 

Juna 7 68 26 .289 4.9 

8 69 26 .232 3.7 

15 67 32 .274 5.4 

17 64 30 .167 4.9 

July 6 73 32 .232 3.7 

Aug. 2 79 30 .246 2.4 

Sept. 7 80 28 .260 4.1 

1929 May 1 66 25 .111 2.6 

3 59 28 .182 6.0 

5 46 27 .102 5.1 

6 56 20 T .111 4.7 

7 co 21 .141 4.3 

8 69 29 .208 6.1 

9 60 24 .222 7. 

10 64 22 .155 3.7 

11 73 26 .167 1.6 

14 69 25 .253 6.0 

15 ? 74 25 .194 2.8 

18 76 29 .203 3.0 

53 27 T .253 8.1 

26 53 26 .222 11.3 

June 2 59 27 .151 3.4 

3 70 21 .257 
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Table 3. - continued 

Year Q Month Q Day 
Q 

Q Temperature Q Proc. 
Q Q 

Q Evap. Q Wind 
Q Q Q Iíax. Q Min. Q Q Q 

Vel. 

1929 June 5 67 29 .128 2.7 
cont. cont. 19 65 27 .193 4.3 

Sept. 3 72 31 .224 4.9 
4 77 28 .230 3.4 

1930 Lisy 1 74 26 .153 3.0 
b 64 27 .158 7.0 

11 66 24 T .127 2.5 
22 62 19 .140 3.4 
23 78 25 .226 4.2 
25 64 29 .236 4.4 
26 77 26 .204 2.9 

June 2 59 27 .167 1.2 
3 57 19 .01 .116 .7 
5 78 31 .165 1.4 
8 76 32 .179 1.4 

12 75 24 .367 4.4 
15 7]. 26 .321 2.3 
14 78 32 .206 1.7 
18 75 26 .242 .6 
28 71 30 .264 4.8 
29 80 30 .229 2.7 

July 19 79 32 .242 3.5 
22 88 30 .308 3.4 
26 89 27 .276 4.1 

1931 i.iay 4 76 29 .207 1.9 
8 65 22 .206 2.5 
9 69 29 .167 1.8 

11 80 29 .286 2.5 
17 59 29 .293 3.5 
18 60 25 .237 3.8 
19 63 24 .215 3.2 
21 72 20 .226 2.6 

June 19 68 32 .149 2.4 
24 79 29 .218 3.3 
28 72 31 .3.95 4.0 
30 75 26 .207 2.7 

Sept. 8 65 28 .139 2.0 
10 62 22 .116 2.2 
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Table i - coxitinued 

Q Q Q Q Q 

Year Q Month Q Dar Q Temperature Q Proc. Q Evap. Q 7ind 
O O O Max. O Liin.Ó C) C) Vel. 

1932 Iay 15 61 24 .166 3.4 
16 73 29 .197 3.0 
22 59 28 .142 7.3 
24 62 28 .183 9.5 
25 61 28 .192 7.4 
26 56 28 .154 5.2 
29 57 22 .46 .079 5.0 

July 4 75 32 .193 
31 80 30 .204 5.3 

Aug. ii 74 28 .187 4.4 
12 74 31 .207 4.6 
13 83 31 .171 2.1 
30 64 24 .139 3.0 

1933 May 3 57 23 T .084 5.9 
5 47 27 T .198 7.0 
6 49 22 T .153 7.5 
8 47 24 T .067 7.2 
9 47 20 T .082 5.1 

10 54 28 .128 9.9 
13 68 27 .130 4.0 
18 50 27 .03 .087 5.0 
19 60 25 .107 3.3 
22 60 27 T .05]. 8.8 
27 67 28 .171 4.5 
28 77 29 .208 3.2 

June 1 73 31 T .210 6.2 
6 74 32 .204 6.8 

19 76 30 .234 5.2 
20 84 32 .216 3.4 

August 5 75 31 .191 5.0 
21 75 30 .212 5.6 
26 78 32 .187 2.0 
30 68 20 .116 3.5 
31 80 27 .121 2.0 

1934 May 2 65 29 .130 5.5 
9 67 22 .145 3.5 

13 74 24 .225 5.1 
14 83 29 .217 5.0 
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Table 1 - continued 

Year Q Month Q Day QTeiaperature Q Free. 
Q Q 

Q Evap. Q Wind 
Q Q Q Max. Q Min. Q Q Q Vol. 

1934 May 20 69 29 .201 4.9 
cont. cont. 21 78 22 .239 3.5 

June 1 58 28 .146 5.6 
3 61 24 .163 5.5 
4 70 25 .150 3.5 

July 22 78 29 .189 2.0 
August None 
Sept. 9 77 28 .143 1.9 

1935 May 1 54 20 5.6 
2 56 26 10.1 
3 64 24 5.3 
4 71 22 3.3 
6 65 30 7.9 
7 64 28 4.3 
8 68 24 4.3 

10 60 26 8.1 
11 59 19 6.4 
12 61 21 6.1 
13 65 24 4.5 
14 70 29 3.8 
18 64 29 6.1 
19 71 30 6.1 
20 78 32 5.2 
24 77 25 4.9 

June 1 69 31 8.2 
2 72 28 6.4 
3 79 29 2.6 

15 71 26 4.1 
20 80 32 4.2 
24 74 29 5.8 

July 1 72 24 7.6 
9 81 32 2.9 

August 15 73 32 3.4 
16 76 27 1.7 
19 78 30 2.0 

Sept. 12 80 26 4.2 
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LOU TE2ERATURES AFFECTING CEREALS 

Winter Wheat 

Winter wheat nakes very little growth when the nwi daily 

temperature is below 430 F. The mean temperatures for September, 

October, d Noverber are 53, 43, and 34 degrees respectively. 

Therefore, it would he expected that wheat seeded after October 

15 would make very little growth in the fall. 

Winter wheat was seeded in September nine seasoi and 

probably would have made good growth in the fall with sufficient 

moisture. Seedings of winter wheat, October 17, o different years 

had just emerged when the snow covering went off in the spring. 

Winter wheat seeded late in October or in November of five differ- 

ont years did not emerge until spring. Seeded October 15, 1932, it 

emerged but made very little growth in the fall. 

A temperature of 12 and 24 degrees in May, 1918, injured win- 

ter wheat in the grass stage that had exnered lato in the winter. 

A temperature of 21 degrees June 5, 1914, when the wheat was 

heading killed all emerged heads and some that were still in the 

boot. Later, before the wheat heads had all emerged, a tempera- 

ture of 28 degrees did no damage. 

A temperature of 27 degrees July 17, 1915, just before the 

wheat began ripening did no injury. 

The only instance of winter wheat being injured j early fall 

frosts was in 1916. The wheat was seeded late in the fall of 1915 
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and did nt emerge un-tu the spring of 1916. It headed and matured 

late. Temperatures of 27, 24, and 27 degrees on Angust 18, 19, an 

20, respectively, injured the grain. 

There was no frost injury to winter wheat froni 1917 to 1930. 

However, winter wheat was not grown in 1926 and 1928. 

A teìperature of 26 degrees June 30, 1931, ruined the yields 

of winter wheat varieties that were 90 per cent headed. 

The winter wheat varieties were grown. in 1934 on fallowod 

ground where conditions for growth were very good. The wheat til1er- 

ed heavily and made a dense covering on the ground. A temperature 

of 12 degrees, March 24, killed 10 to 15 per cent of the outer end 

of the leaves. The wheat began heading 29 to June 4, and surviv- 

ed. temperatures of 24° and 25° F. , June 3 and 4, with a remarkably 

small anmount of injury. The vegetative cover, percentage of mois- 

turo in the soil, and the lag of the irxinim soil temperature near 

the surface, re three of the factors, no doubt, that prevented 

more serious injury to the crop. Under the growing conditions that 

prevailed, the yields of the best varieties without frost injury 

would probably have been more than 90 bushels per acre. The best 

yield obtained was 70 bushels per acre. 

o 
The winter wheats in 1935 wore injured oy 26 F. when they 

began heading and 24° F. five da,rs after they were fully headed. 

They wero irrigated 10 days preceding each freeze. The injury to 

the seed crop was probably 40 per cent. 
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Hybrid 128, with a grain yield of 55 bushels, and a straw 

yield of 7.65 tons per acre, was the highest yield of the six 

varieties in this trial. All varieties made a heavy yield of 

straw. 

The agronomio data and records of the frost injury to winter 

wheat for the years l].4 to 1935, inclusive, are presented in 

Table 2. 
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Table 2. Data on date, minhiium temperature, stage of grovith, and 
extent of injury to winter wheat by frost, 1914 to 1935, 
inclusive. 

V Q V 11fl. stage xten 
Year Q Lonth Day Temp. of of 

Degrees Growth Injury 

Q F. Q 

1914 June 5 21 First headed All emerged heads 
and son heads in 

- the boot were killed. 

1914 Jui 22 28 Heading None 

1915 July 17 27 Fully headed uone 
Sorno injury to late 

1916 Aug. 19 24 Mostly mature maturing heads. 

1918 July 27 29 Heads filling ìone 
7 and 

1919 July 18 27 Heads filling i'One 

1920 July 22 29 Heads filling ione 

192]. July 2 28 Fully headed None 

1924 July 7 29 Probably heading None 

1925 Aug. 15 27 Probably maturo None 

1930 June 18 26 ot headed rone 
stly }bst all heads 

1931 June 30 26 fully headed were killed. 

1932 No frost 

1933 No frost 
Est.to be 25 to 

1934 Juno 3 24 First headed the grain yield. 

1935 June 15 26 First headed ) Serious. Est. to 

) be 4O of the grain 

1935 July 1 24 Fully headed ) yield. Straw yields 

wore very heay._ 
i1ote: The grain was grovn on dry land 1914 to 1919 inelusive. 

It was irrigated 1920 to 1935 inclusive. 
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The øffect of a freezing teniperature of 26° F. in 1931, on 

yields of winter wheat varieties heading and maturing at different 

dates are very interesting. 

Varietie8 that viere not ftlly headed until three to seven 

days after the frost produced significantly higher yields in nearly 

every instance. Apparently 26 degrees did not injure wheat in the 

boot but killed almost everything that was out of the boot. 

Thirteen of the varieties were 90 per cent headed before the 

freeze. They made an average yield of 17.5 bushels per acre. Ten 

of the varieties began heading before the freeze but 90 per cent 

their heads were not out until three to nine days after the freeze. 

They made an average yield of 26.2 bushels per acre. Three varieties 

dd not begin heading until after the freeze. They made an average 

yield of 34.1 bushels per acre. 

Winter wheat grom in twentieth-acre plots was headingat the 

time of the sanie freeze and was injured to the saine extent as the 

wheat in the nursery. The yields of grain were badly reduced but 

the crop made a vory heavy yield of straw. 

The heavy straw yields of winter wheat grown in plots in- 

dicate storage of plant food in the vegetative part of the plant 

following the killing of the developing heads. 

The hollow portion of the steins contained a sticky liquid 

which was easily splashed out of the straws by walking through the 

stubblo. This phenomenon was somewhat similar to the one cited by 

Gregory and Beison (14). As a result of frost injury to wheat in 
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Indiana, a sticky syrup exuded from the surface of the stems. 

Timmons and Clapp (45) cite an instance in Kansas 'where the 

temperature dropped to as low as 270 F. in the state. Therever 

winter wheat heads had not enrged from the boot, no injury result- 

ed. The injury to the f].orets, in sections where wheat was heading, 

ranged from a small amount to 50 per cent killod. There was no 

other injury to the plants. Gregory and Beison (14) recorded the 

occurrence of a very similar condition in Indiana in 1925. 

Llartin (28) with controlled refrigeration, found that a 

temperature of 160 F. killed all plants in the boot stage. A 

temperature of 190 F. resulted in a variable amount of injury to 

wheat varieties. At 22° F. no plants were killed. 

The data showing the effect of a freezing temperature of 

26° F. on yields of winter wheat varieties heading and maturing at 

different dates are shown in Table 3. 



Table 3. Data showing effect of 
June 30, 1931, on the 
maturing at different 

c.I. Q 
Variety 

No. O 
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a miniimini temperature of 260 F. on 
yield of varieties heading and 
dates. 

10 90% Q 107Q 90;,Qbushels 
headedöheadedóripeöripe Oner acre 

8220 Oro 6-19 6-25 8-2 8-6 1.4 
6703 Ridit 6-19 6-25 8-2 8-6 14.3 
5408 Triplet 6-19 6-25 8-2 8-8 26.9 
1442 Kharkof 6-19 6-25 8-2 8-6 17.1 
1442 Itharkof 6-19 6-25 8-2 8-6 18,2 
10065 White Odessa x Hard Fed. 6-19 6-26 8-2 8-6 12.7 
1442 Kharkof 6.-20 6-25 8-2 8-7 22.6 
4430 Sherman 6-20 6-25 8-2 8-6 13.4 
6175 Turkey Wn. 326 6.-21 6-25 8-2 8-6 14.4 
10061 Argentine Sel.1569-2 6-22 6-25 8-2 8-8 20.7 
4156 Fortyfold 6-20 6-28 8-2 8-6 11.8 
10062 Fortyfold Sel.29 6-24 6-29 8-4 8-16 20.1 
10063 Fortyfold Sel.43 6-24 6-29 8-2 8-8 19.1 
8247 Fortyfold x Federation 6-24 7-3 8-4 8-12 19.4 
10066 Hybrid 128 x Fortyfold 6-24 7-6 8-2 8-9 19.9 
10068 Eussar x iioenheùner 6-24 7-9 8-8 8-12 15.8 
4512 Hybrid 128 6-24 7-6 8-2 8-8 25.4 
4511 Hybrid 63 6-22 7-3 7-31 8-8 29.0 
4512 Hybrid 128 6-24 7-3 8-4 8-8 31,4 
10064 Fortyfold Sel. 54 6-25 7-5 8-3 8-15 32.3 
4512 Hybrid 128 6-25 7-6 8-2 8-8 2.1 
8275 Albit 6-25 7-6 8-3 8-8 27.0 
5177 Jenkin.s 6-27 7-7 8-8 8-20 35.7 
5210 White Yinter 7-7 7-17 8-8 8-15 40.1 
186 Hussar x Eoenheinr 7-8 7-17 8-6 8-13 29.5 
10067 Hussar x Hoenheinr 7-9 7-16 8-8 8-13 32.6 
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Spring Wheat 

Spring wheat grown on dry land was considerably injured on 

several occasions by low temperatures before it had reached the 

jointing stage. No severe early stage injury was recorded to wheat 

that was growing on irrigated land. Frequently there was slight 

injury to the outer ends of the leaves of both winter and spring 

varieties, tht it was not considered of enough importance to be 

reported. 

Spring wheat varieties that euierged May 8, 1914, were 

frozen to the ground June 5 by a temperature of 21 degrees. They 

grew up again and began heading about July 1. The yields of the 

varieties ranged from eight to eighteen bushels per acre. Durum 

wheats viere injured more by the freezes and yielded less than common 

wheat. 

A temperature of 27 degrees July 17, 1915, slightly injured 

a few less important varieties of wheat. 

Temperatures of 14 to 25 degrees May li to 15, 1916, followed 

by temperatures of 61 to 70 degrees reduced the stands of wheat 

varieties that had emerged May 4. Temperatures of 26 degrees on 

June 20, 21, and 22 severely Injured wheat varieties. They began 

heading about July 7. A temperature of 27 degrees A.igust 18 in- 

jurad all varieties that were not mature. 

The season of 1919 was quite frosty and dryland crops were 

frequently injured by frosts, but there was no special frost 



injury reported to irrigated crops. 

In 1922 wheat varieties which were seeded Lay 13 and ir- 

rigated late were reported to have been injured by teiuperatures 

of 32 degrees on August 15, and 30 degrees on kugust 20 and 31. 

In 1924 spring wheat varieties were seeded 1ay 8, and all 

varieties were injured August 20 by a temperature of 27 degrees. 

In 1929 the foliage of Baart wheat on dryland was injured 

severely by a temperature of 21 degrees on June 3, and again by a 

temperature of 27 degrees on June 19. Other varieties and kinds 

of grain that had been seeded at various dates and irrigated did not 

appear to be injured by either of the freezes. 

The temperature of 26° F., June 30, 1931 when wheat was head- 

ing not only killed the heads but caused the stems to stop growing 

in length. Heads, that erged after the freeze, grow to a greater 

height than the frozen ones. The huthdity was low and practically 

no white frost was observed at the ti of the freeze. 

Late maturing spring wheat was injured on several occasions, 

by the first fall frost. 

The spring wheat varieties were seeded late in 1932 and were 

in all stages of development when a temperature of 240 F. on 

Aigust 30 stopped growth. Varieties that re a1nst mature showed 

slight frost injury. Those that had riot started to ripen yielded 

only shrunken kernels. Varieties that were maturing showed a de- 

creasing amount of injury in proportion to the advancement of 

maturity. 
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The soil was unusually dry when 'wheat was seeded in the 

spring of 1935. Sons of the plants did not emerge until after the 

first irrigation, June 4. A temperature of 27 degrees occurred 

August 16. The crop that emerged after the irrigation, was not 

mature and the grain was shrunken to quite an extent. 

The agronomic data and records of the frost injury to spring 

wheat, 1914 to 1935, inclusive, are reported in Table 4. 

The results of a freezing temperature of 260 F. in 13l, on 

yields of spring wheat var±eties heading and maturing at different 

dates are outstanding. 

Five of the varieties were 10 per cent headed two days be- 

fore the freeze occurred. They were 90 per cent headed in 10 days 

or less after the freeze. The average yield of the five was only 

35.9 bushels per acre. The average yield of 17 selections that were 

only 10 per cent headed four days after the freeze was 61.7 bushels 

per acre. Those heading before the freeze yielded 58 por cent as 

ia.ch as those heading entirely after it. The average yield of the 

early ones in the varietal experiment over a period of years is 

68 por cent as much as Federation. As a result of the freeze it 

was only 51 per cent as nich as Federation in the nursery in 1932. 

The data showing the effect of a freezing temperature of 

26° F. on yields of sprin wheat varieties heading and maturing 

at different dates are shown in Table 5. 



YearQSeeded 

1914 4-18 

1915 4-19 

1916 4-13 

1917 
1918 5-10 
1919 4-21 
1920 4-30 
1921 5-2 

1922 5-18 

Table 4. Agronomie data on spring wheat with frost 
data and injury, 1914 to 1935, inclusive. 

Q QLast Q QFirstT Q 

ergedQFirst QFully QMatureQ Yield QspringQTernp.Qfall 

Qheadedheaded Qbu. Qfrost Q Qfrost 
5-8 7-4 7-14 8-8 16.7 6-22 28 8-17 

6-5 21 

5-7 6-27 7-15 8-15 21.0 7-17 27 9-7 
5-11 14 

5-4 7-7 8-20 13.4 6-28 28 8-18 
6-20 26 

6-30 27 9-4 

5-24 7-10 6-23 8.2 6-2 27 7-27 

5-2 7-16 8-10 4.9 6-14 28 9-9 

82.4 6-27 29 8-18 

50.9 5-27 25 8-10 
50.3 6-23 28 9-6 

1923 5-11 73.5 6-14 29 

1924 5-8 403 6o 27 

1925 5-4 5-11 7-2 48.8 6-11 27 

1926 4-16 4-26 6-26 7-19 7-22 4.7 6-16 28 

1927 5-6 5-16 7-9 7-20 8-19 75.5 5-29 22 

1928 5-1 5-11 7-6 7-16 8-20 77.4 6-8 26 

1929 5-1 5-14 7-10 7-21 8-21 40.0 6-19 27 

6-3 21 

8-20 

9-18 
8-20 
8-15 
9-3 

8-31 
9-7 
9-4 

Teirp. Injury 

Plants frozen to ground 
29 Late varieties slightly 

Reduced stands 
27 Injured late varieties 

Severe injury 
29 
29 
29 
2 

23 
29 
30 

22 
27 

27 

27 

25 

28 

28 

Frequent frost injury 

Slight injury 

All varieties injured 

Crop almost destroyed by grass- 
hoppers. 

Foliage injured on dry land 

1930 4-24 5-5 7-13 7-20 8-26 74.0 6-18 26 8-23 27 

1931 4-13 4-30 6-29 7-lO 8-14 45.0 6-30 26 9-0 28 All errged heads killed 

1932 5-5 5-15 7-9 7-16 8-24 48.0 5-29 22 8-30 24 All immiature cram injured 

1933 4-24 5-9 7-5 7-12 8-11 43.8 5-28 29 8-30 29 

1934 4-17 4-27 6-28 7-6 8-10 84.5 6-4 25 7-22 9 

9-9 28 

1935 5-7 5-17 7-15 6-8 8-26 64.0 7-1 24 8-16 27 Lato wheat shriveled 

Notos Dry land 1914-1919 inclusive; irrigated 1920-1935 inclusive. Early Baart was grown on dry land and 

Federation with irrigation. 
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Tablo 5. Data showing effect of a mimin.m temperature of 26° F. 
on June 30, ont he yield of spring wheat varieties 
heading and maturing at differeft datos. 

C.I. Variety lO 90% l0 90%bushe1s 
iJO. O OheadedOheadedóripeöripeöper acre 

4981 Yflilte Federation 6-22 7-6 8-5 8-12 32.9 

4733 Hard Federation 6-22 7-6 8-4 8-12 32.9 
8255 Hard Federation Sel. 31 6-24 7-6 8-6 8-14 42.5 

5125 Bunyip 6-27 7-10 8-7 8-15 36.7 

1697 Baart 6-28 7-10 8-7 8-15 32.3 

1697 Baart 6-28 7-10 8-7 8-lS 32,6 

1697 Baart 6-28 7-10 8-7 6-15 41.4 

10073 Hard Fed. x Dicklow 6-29 7-11 8-10 8-20 68.4 

1'N1l66 Federation x Dicklow 7-4 7-].? 8-8 8-16 80.0 

N1 561 Federation x Dicklow 7-5 7-14 8-8 8-16 63.1 

6221 Onas 7-6 7-11 8-9 8.-17 59.8 

8254 Baart x Federation 7-6 7-11 8-12 8-20 60.6 

Nì1163 Hard Fed. x Dicklow 7-6 7-11 8-10 8-20 61.3 

4734 Federation 7-6 7-11 8-9 8-1? 70.4 

iN1165 Hard Fed. x Dicklow 7-7 7-14 8-° 8-19 ö0.3 

1052 Federation x Dicklow 7-i 7-14 8-11 8-21 63.4 

Ni'J 781 Hard Fed. x Dicklow 7-8 7-15 8-11 8-2]. 73.5 

N11l69 Federation x Dicklow 7-8 7-16 8-10 8-20 75.]. 

10072 Red Chaff 7-8 7-16 8-12 8-21 79.7 

8855 Irwin Diokiow 7-0 7-16 8-11 8-21 49.3 

Nl174 Dicklow x Sevier 7-0 7-16 8-11 8-21 46.4 

4067 Pacific Bluestem 7-9 7-17 8-1]. 8-20 43.4 

NTN1164 Hard Fed. x Dicklow 7-0 7-17 8-12 6-2]. 46.6 

10045 Utac 7-11 7-24 8-12 8-25 55.4 

5177 Jei±in 7-14 7-23 8-1g 8-26 71.2 
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The date of heading and maturity is very ixnporant because 

of the frequency of the late spring and early fall frosts. It is 

influenced by the date of seeding. 

Wheat seeded in April was 90 per cent headed in 89 days. 

When seeded in May it was 90 per cent headed in 76 days. The April 

seedings required 120.5 days to reach maturity while the May seed- 

ings matured in 111 days. Early seedings germinate and grow slower 

than May seedings, because of lower temperatures. Seedings made 

after May i had a fruiting period of 36 deys and those seeded be- 

fore May 2. matured in 31 days after heading. The head stage is 

the most tender one, therefore a prolonged period of head develop- 

ment increases the danger from frost injury. Theat that was seeded 

before April 20 began heading before July 1. When it was seeded 

later than May 7, it matured after August 20. Killing frosts may 

occur as lato as July 1 and again as early as August 20. Therefore, 

if wheat is seeded before April 20 it would be in danger of frost 

while heading, and if seeded after May 7 it might be frozen before 

it matures. The number of oompaMson.s on date of seeding is not 

large bit they indicate that wheat should be seeded after April 20 

and before May 7. 

The outer tips of the leaves of spring wheat have frequently 

been killed by a low temperature in Lìaj, but the injury has not been 

considered very detrimental to the final yields. A temperature of 

210 early in June seems to injure the foliage of spring wheat more 

than the same temperature does early in LIay. It also was more 
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injurious to spring wheat growing on dry land than to wheat grown 

with irrigation. 

A temperature of 26 degrees killed the f lorets of all eixrged 

heads of spring wheat, but did very little injury to heads in the 

boot. In one instance, there was very little white frost with a 

temperature of 26 degrees, and growth in height of the plants that 

were headed was stopped. 

Temperatures of 2'f degrees and. lower seriously injured the 

kernels of wheats that were not mature. The extent of injury de- 

creased as the degree of maturity increased. The data are not so 

definite as to the effect of a temperature of 29 degrees on inature 

wheat heads, but they indicate slight injury. 

Kiages (26) exposed wheat seedlings to 
40 

F. and found that 

they beca more susceptible to that temperature with advance in 

age. lie also tested the effects of variation in per cent of 

moisture in the soil on their hardiness. Killing began first on 

soil with 50 per cent moisture at a temperature near 00 F. The 

plants on the dry soi]. withstood exposure for the longest time but 

were all killed quickly when injury started. The temperature of 

the wet soil dropped more slowly and part of the plants survived a 

longer exposure than the ones growing on soil with 20 per cent 

moisture. 

Valdron (47) marked sprin wheat plants injured by frosts in 

April and found that the injury persisted through the life of the 

plant. Injured plants yielded only 50 per cent as unich grain as 



plants which escaped injury. 

In another piece of work, Waidron (46) compared five vari- 

eties of spring wheats under semi-arid conditions and found positive 

relationship between frost and drouth resistance. 

The data on the affect of the tine of seeding on heading and 

maturity of sprin- wheat, are recorded in Table 6. 

Oats 

Oats require a slightly higher temperature for germination 

than other cereals. There has been very little injury to oats 

from frost at Burns. 

Oats that were seeded late in the spring of 1914 on dry 

land, ivre reported to have been injured on Aigust 17 by a tempera- 

ture of 28° F. Winter oats wore completely killed in 1915, and 

wore not gro thereafter. The winters at Burns are too severe for 

the survival of winter oats. Spring varieties were injured in 

1915 by a temperature of 27 degrees on July 17. Early seeded oats 

were injured 18 per cent during 1916 by temperatures of 14° to 2ö F. 

on iiay 11 to lb. There has been no other injury to oats by low 

temperatures at the station. 

Oat plants grown with irrigation have nt been particularly 

injured by the low temperatures regularly occurring at the station 

before the heading stage. 

The oats have been seeded late enough since 1917 to avoid 

injury from the late spring freezes. They have also matured early 



Table 6. Coarison of dates of enrgence on the 
number of days to heading and maturity 
for Federation wheat, growil with irrigation. 

Q Days from Days from Days from Days from 
Year Date Date seeding to Date 9O emergence Date of enrgence heading to 

seeded eLarged eirrgence Q headed Q to 9O> maturity to maturity maturity 
- - headed 

1930 4.-8 4-22 14 7-7 76 8-11 111 35 

1926 4-16 4-26 10 7-19 84 8-22 118 34 

1931 4-e 4-26 18 7-16 81 8-10 106 25 

1931 4-13 4-30 17 7-20 81 8-14 106 25 

1930 4-24 b-b 11 7-18 74 8-23 110 36 

1928 4-28 5-8 10 7-17 70 8-20 104 34 

1929 4-22 5-8 16 7-20 73 8-15 99 26 

1928 5-1 5.-il 10 7-16 66 8-20 10]. 35 

1929 b-14 13 7-21 69 8-21 100 31 

1932 5-5 5-15 10 7-16 62 8-24 101 39 

1927 5-6 5-16 10 7-20 65 8-19 95 30 

1932 5-12 5-20 8 7-24 65 8-31 103 38 

1932 5-16 5-27 11 7-30 64 9-9 105 41 
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enough to avoid injury from the early fall freezes. 

The agronomic data and records of the frost injury to spring 

oats, 1914 to 1935 inclusive, are reported in Table 7. 

Markton oats seeded in April emerged in 14 days while those 

seeded after May 1 erged in 12 days. The April seedings were 90 

per cent headed in 80 days after seeding, and the June seedings 

were headed in 73 days. The total time to maturity for the April 

seedings averaged 108 days and the Mey seedings 10]. days. LIarkton 

oats that were seeded early grew slower than those seeded after 

May 1. The early and late seedings matured in the same length of 

time after heading. Liarkton oats were seeded in 1930 and 1932 after 

May 10 and did not mature until after August 20. Markton is an early 

maturing variety. Data on dates of heading, maturity, late string 

and early fall frosts indicate that seeding of even early varieties 

as late as May 10 may bring the early head development at a hazardous 

time. 

Booth (6) collected three varieties of oats from the field 

in the early dough stage and subjected them to controlled tempera- 

tures ranging from 31° to 27° F. Part of the samples were cooled 

two hours previous to freezing. The sanples were cured, following 

the freezing and later germination tests were made. Therc was no 

apparent injury from the freezing to the germination of the oatc. 

Samples collected at intervals of five days after the early dough 

stage, were apparently not injured by freezing, but the germina- 

tion increased with maturity. 



Table 7. Agroriomio data on spring oats with fro8t data and injury, 1914 to 1935, inclusive, 
Last First 

YearSeededÓErrrgedFir3t 1Fully Óllatureó Yield sprjnTem.Ófa11 ÓTemp.O Iniurv 
headedheadod bu. frost frost Q 

' 

1914 4-23 5-10 6-22 6-29 7-25 17,2 6-22 28 8-17 28 Late varieties injured Ang.17 
blO 5-20 7-3 7-13 8-7 16.6 

1915 4.-22 5-9 6-26 7.-lb 7-28 15.6 7-17 27 9-7 29 Injury 7-17 
5_5 5-17 6-30 7-17 8-7 16.9 7-17 

1916 4-20 5-6 7-3 8-21 43.7 6-29 28 8-18 27 1 injury by 14-25° on s/li-is 
1917 6-30 29 9-4 29 
1916 5-15 5-28 8-23 10-25 23.7 6-2 27 7-27 29 
1919 4-22 5-2 8-27 38.0 6-14 28 7-7 29 
1920 5-]. 117.4 6-27 29 7-22 29 
1921 5-2 63.6 7-2 28 9-10 23 
1922 61.0 6-23 28 9-6 29 
1923 5-12 94,4 6-14 29 9-18 22 
1924 5-6 87.7 7-7 29 8-20 27 
1925 5-5 5-13 60.8 6-11 27 8-15 27 
1926 4-17 4-28 7-3 6-16 28 9-3 27 Crop destroyed by grasshoppers 
1927 5-6 5-17 7-15 7-27 8-14 84.3 5-29 22 8-31 25 
1928 5-2 5-13 7-8 7-18 6-14 106.3 6-8 26 9-7 28 
l99 5-2 5-15 7-li 8-7 71.2 6-19 27 9-4 28 
1930 4-24 5-5 7-10 7-18 8-15 78.1 6-18 26 8-23 27 
1931 4-18 5-3 7-7 7-13 8-7 110.4 6-30 26 9-8 28 
1932 5-16 5-29 7-22 7-28 8-26 77.9 5-29 22 8-11 28 
1933 4-26 5-13 7-9 7-15 8-9 83.1 5-28 29 8-30 29 
1934 4-17 4-30 7-3 7-10 8-6 119.7 6-4 25 7-22 29 

9-9 28 
1935 5-9 5-19 7-16 8-3 8-26 108.5 7-1 24 8-16 27 
Note: Dry liI914-l919, inclusivo; irrigated 1920-1935, inclusive. 
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Fryer (13) says that 20 per cent of the oats tested at the 

Calgary and Winnipeg seed laboratorie3 are unsuitable for seed pur- 

poses on account of supposed frost injury. :ie also states that frost- 

ing of oats tenas to fixt ho greenish color. 

Aodt and Platt (1) crew wild oats in wooden f1a-s in the 

greenhouse. Then they exposed them to the following tomperatures 

Two nights of 15 hours at 300 F.; two nights at 25° F.; and two 

nights at 20° F. Each day they were xturnd to the greenhouse 

where favorable growing conditions prevailed. The seventh night 

they were exposed to the following temperatures: 5° F.; 100 F.; 

and _100 F. Then the plants were allowed t';ro veks in the greenhouse 

for recovery. In all three lots all plants were kìllod. They con- 

eluded from the exper5inent that there vas no chance for wild oats 

that enrgo in the fall to survive the winters in Central and 

ì'orthern Alberta. 

There have been fewer volunteer oats at the station than any 

of the other cereals. This may be due to the oats being more readily 

removed in the seed dea fling process or to the shattered kernels be- 

ing less able to survive the winter weather, than other grains. 

The data on the effect of the time of seeding on heading 

and maturity of spring oats, are recorded in Table 8. 



Table 8. Coxarison of dates of emergence on the 
number of days to heading and maturity 
for Markton oats. 

- 

Q hays from Q Q Days from Q Dsys frora ijfromn 
Year Date Date seeding to Date 9O emergence Date of emergence heading to 

seeded emerged emergence headed to 90% maturity to maturity maturity 
___________________________ headed _ -- 
1931 4-18 5-3 15 7-10 68 8-6 93 25 

1930 4-24 5-5 11 7-18 74 8-15 102 28 

1928 4-24 5-7 13 7-6 60 8-7 92 32 

1928 5-2 5-13 11 7-11 59 8-15 94 35 

1929 4-26 5-13 17 7-13 61 8-11 90 29 

1929 5-1 5-15 14 7-14 61 8-15 92 31 

1927 5-6 5-17 11 7-26 70 8-12 87 27 

1932 5-6 5-17 11 7-14 58 8-18 93 35 

1931 5-9 5-18 9 7-25 69 8-11 85 26 

1932 5-16 5-28 12 7-20 53 8-21 85 32 

1930 5-15 5-30 15 7-26 57 8-24 86 
- 

29 

ci-1 
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Barley 

Winter barley is not hardy enough to stand the vrinters in 

Harney Valley. Spring barley matures in 80 to 95 days after seed- 

ing or about 20 days earlier than spring wheat or oats. It pre- 

fers a cool climate and may be grown in higher altitudes than most 

other cereals. The foliage is quite easily injured by frosts in 

the spring but recovers quite rapidly. Several varieties were g1wn 

at Burns. They were grown on dry land until 1920 and with irrigation 

thereafter. 

Winter barley varieties survived the winter and headed before 

winter wheat in 1914. The temperature of 21 degrees June 5, killed 

all heads. The cros n'ade a now growth but it yielded very little 

grain. Spring barley in 1914 was injured by a temperature of 21 

degrees June 5, but the foliage quickly recovered. A temperature 

of 30 degrees from July 21 followed by hot weather did considerable 

damage. 

A temierature of 27° July 1!, 1915 when the barley was head- 

ing, together with drouth, ririad the crop. 

Winter barley survived the winter with a poor stand in 1916. 

A temperature of 26° injured the foliage of barley. Hawever, 

as it was not heading it recovered rapidly and yielded 11. Freez- 

ing temperatures of 26 degrees Juno 20, 21, and 22, while early 

seeded barley was heading, killed the heads that were out. 
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Young plants were nipped Llay 31, 1917 by a temperature of 

28 degrees. 

Eighteen degrees injured barley six days after it erged in 

1919. 

Barley was heading in 1931 when a temperature of 26 degrees 

occurred. It was injured seriously but not all heads that were out 

of the boot were entirely killed. 

.A.C. o. 7 barley was 10 per cent headed July 5, five days 

after a temperature of 24 degrees occurred. k'arts of some heads were 

frozeii and. did iot fill. 
Injury to the heads at the Burns station was quite variable. 

Occasionally an entire head would be killed and on another plant 

only a section of the head would be killed. The temperature of 

24° F. in 1935, seven days before barley began to head, killed. the 

lower section of several heads of O. A. C. No. 7. 'gThen the injured 

heads matured there was normal seed at the top and a weak drooping 

rachis with no kern1s on the lower portion. 

There are very few data available on date of seeding barley 

at Burns. It has usually been seeded after Lay i ami later than the 

other cereals because it matures more quickly. Trobi barley was 

seeded April 14 in 1931. It began heading June 25, whieh experience 

indicates to be a little too early. From the data available, Trebi 

and O. A. C. No. 7 varieties that were seeded LIay i to Lar 14, 

matured before August 20, which is a reasonably safe date. 
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Barley like other cereals, is most susceptible to frost injury 

during the heading stage. Harlan and Shaw (17) report a case of 

barley variety tests at a high altitude near Obsidian, Idaho. Free z- 

ing temperatures were frequent and resulted in sterility of many 

flowers, but seldom killed a whole head. This would indicato that 

the period during which a single flower is senzitive, is of short 

duration. Heads of some varieties were killed when only half formed 

and still considerable distance down in the boot. 

The agronomie data and records of the frost injury to spring 

barley, 1914 to 1935, inclusive, are reported in Table 9. 

Both winLer and spring rye germinate at lower temperatures 

than any of the other cereals. Rye sowed early consistently 

emerges more quickly than other cereals. 

Several varieties were grown from time to time. The injury 

reported does not pertain to any one variety in particular. All 

injury reported to rye precedin 1931 was to a dry land crop. Vorn 

is the variety that was grown regularly after 1925, 

Winter rye in 1914 was almost in full head June 5. A tetu- 

perature of 21 degrees alzxst completely killed the crop. 

Temperatures of 14 to 25 degrees, hay 11 to 15, 1915, in- 

jured the stand of dryland rye that emerged May 4. The rye began 

heading- June 20 and made a good yield. 



Table 9. Agronoxriic daUba on spring barley with froct data and injury, 1914 to 1935, inclusive. 
--r--- ---r rï5t :ÇÏ . _______ 
YearSeododrnerged?irst i"ul1y iia-re Ylold 3pringTeinp.fall Temp. Injury jjeadedheaded_ _j_ 

1914 6-5 21 
. ___ ___ 

Killed al]. heads 
4-20 5-16 6-29 7-8 8-1 17.1 6-22 28 8-17 28 Foliage injured by 210 
5-6 5-16 7-3 7-20 8-G 10.8 

7-30 30 +IIo weather - injury 
1915 4-23 5-17 7-5 7-21 .8 7-17 27 9-7 29 +Drouth-compleiely ruined 

5-5 5-19 7-10 7-29 7.5 
1916 4-25 5-15 7-26 8-19 49.8 6-29 28 8-18 27 

6-22 26 Considorable injury 
1917 6-30 29 9-4 29 

5-31 28 Foliage injured 
1918 5-15 5-27 8-24 10-31 40.0 G-2 27 7-27 29 
1919 5-2 5-13 8-20 8-20 52.0 6-14 28 7-7 29 

18 Injury near iorgence 
1920 5-3 67.3 6-27 29 7-22 29 
1921 5-11 73.3 7-2 28 9-20 23 
1922 70.7 6-23 28 9-6 29 
1923 6-14 29 9-18 22 
1924 36.6 7-7 29 8-20 22 
1925 5-5 5-13 70.6 6-11 27 8-15 27 Crop destroyed by grasshoppers 
1926 4-29 5-9 7-2 6-16 28 9-3 27 
1927 5-12 5-21 7-12 8-17 5-29 22 8-31 25 
1928 5-14 5-23 7-11 7-28 8-17 6-8 26 9-7 28 
1929 5-2 5-15 7-6 8-12 8-12 88.9 6-19 27 9-4 28 
1930 4-24 5-5 7-3 7-13 8-11 60.7 6-18 26 8-23 27 
1931 4-14 4-30 6-25 7-6 8-12 33.2 6-30 26 9-8 28 Heading sevore injury to heads 
1932 5-14 5-24 7-12 7-23 8-24 66.9 5-29 22 8-11 28 
1933 4-26 5-14 7-3 7-10 8-8 77.9 5-28 29 8-30 29 
1934 4-8 4-29 6-26 7-4 8-5 123.1 6-4 25 7-22 29 

9-9 28 
1935 5-9 5-19 7-7 7-14 8-17 89.8 7-1 24 8-16 27 Slight injury to heads in. the 
____________________________ ___________________ boot 
Note: Dry land 1914-1919, inclusive; irrigated 1920-1935, inclusive. 
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Rye seeded in the fall of 1916 did not emerge until April 

25. Only one variety was injured by the late spring frosts of 

28 degrees June 25 and 27 degrees on June O. 

Winter rye in 1919 was in the boot May 31 and a temperature 

of 18 degrees killed the crop, but it sent up shoots that yielded 

5.3 bushels per acre. 

During the period 1925 to 1930, volunteer rye was occasionally 

injured by late spring frosts. In 1931, rye was heading when the 

tererature of 26 degrees occurred June 0, and the yield was re- 

ducod about 25 por cent. 

After an unusually warn winter in 1934, rye was well stoolod 

and had made a dense growth on t he ground by March 24, when a tern- 

perature of 12 degrees occurred. The foliage showed a slight 

amount of injury but only about one-half as much as winter wheat in 

adjoining plots. Soio of the winter rye varieties began heading 

as early as April 27. The following frosts occurred: iîay 9 - 22°, 

13 - 24°, 21 - 22°, June 3 - 24°, and 4 - 25°. 

The effect of soil isture on the susceptibility of rye to 

low temperatures was noted in 1935. Following a temperature of 

24° F., the frost injury in an morcase field of rye which was 90 

per cent headed, was imich more pronounced on the drier portion. 

The agronoinic data on winter rye varieties grown with ir- 

rigation in 1934 are reported in Table 11. 

The agronontic data and records of the frost injury to rye, 

1914 to 1935, are reported in Table 10. 
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Table 10. Data on the yoar, day, temperature 
and snount of injury to rye fron frost 

V1interTLite 
Yearor of Ternp- Injury 

prinfrotoraturo _________ 

1914 Winter 6-5 2l°. Heads end plants badly killed. 

1915 Sprin 5-11 14° 

1916 Winter 6-30 27° 

1919 Winter 5-31 18° 

1925- 
1930 

1931 Spring 6-30 26° 

1934 Winter (5-9 22° 

(5-13 24° 

(5-21 22° 

( 

(6-3 24° 

1935 Spring 7-1 24° 

Stand injured. 

One variety slightly. 

Killed the crop in the boot. 

Occasional injury by late 3pring frost. 

Considerable injury to heads. 

) Began heading 4-27. No injury to forage. 

) 

) Seed crop ruined. Data in table il. 
) 

) 

) 

Injury on dry sections of an increase 
field 9 headed. 
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The varieties were seeded on sur fal].owed land that was 
irrigated in SeptenfDer prior to seeding. The winter was mild and 

the moisture supply was good. The crops stooled heavily and made a 

good vegetative cover on the ground. The earliest varieties were 

heading April 27 to Liay 12. On ay 9 the temperature dropped to 

27° F. On May 13, about the ti the earliest varieties were fully 

headed, the temperature dropped to 24 degrees. In spite of tho low 

temperatures, the rye yielded eight to 15 bushels per acre. A few of 

the varieties haaded ten dajs later. The temperature was 22 degrees 

when they started heading, 24 degrees four days later, and 22 degrees 

again about the time they were fullyheaded. They yielded 8.6 to 14 

bushels per acre. It is believed that the frost injury was reduced 

by optinn soil moisture and plant nutrient conditions, because a 

temperature of 21 degrees in 1914 almost completely killed a dry 

land. crop of rye that was in the saxro stage of growth. 

Smith (43) says, "Rye may be sown later than fall wheat as it 

will germinate more quickly and at lower temperatures than wheat. 

It will also grow at lower temperatures. In the milk stage it is not 

damaged by light frosts.t' 

L'osier (33) determined the number of days required for the 

following seed to germinate at 400 F.; rye 4, wheat 6, alfalfa 6, 

oats 7. At 51 degrees they were as follows: rye 2, wheat 3, 

alfalfa 3, and oats 2-. 

The data showing the effect of freezing temperatures on yields 

of winter rye varieties heading and maturing at different datos aro 
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shown in Table 11. 

Table 11. Agronothc data on winter rye varieties, grown 
in 1934 with irrigation, and injured by severe 
temperatures while heading. 

V Q Q Yield per acre 
First Fully 

Variety hoaded headed Bu. grain Tons straw 

Beardless 4.-30 5-12 15.4 5.27 

Rosen 5-14 5-23 13.3 4.91 

Dakold 4-30 5-12 13.6 5.32 

Star 4-30 5-12 13.9 5.11 

Abruzzes 4-27 5-11 11.1 4.09 

Rumpau 4-27 5-11 13.7 4.40 

Van Rumker io.133 4-29 5-13 7.9 4.08 

Van Rumker 14o.173 4-28 5-15 8.9 4.05 

German 5-7 5-21 14.3 4.30 

N.D. R. 9 5-7 5-21 10.0 4.82 

N.S. No.2147 5-9 5-21 10.0 5.22 

N.S. No.2148 5-0 5-21 8.6 4.26 
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IìDW TEL?ERJtTURES M'BCTThG OTIR CROPS 

Alfalfa 

Resistance of Plants to Low Temperatures 

Sontiies poor stands of alfalfa are obtained from seedins 

made in LIy or June. Seed shattered on the ground in the fall 

germinates early and frequently the plants become established. 

There are not sufficient data available at Burns to determine the 

resistance of alfalfa seedlings to the alternate freezing and thaw- 

ing which occurs early in the spring. 

The heavy frosts of Harney Valley in the spring of the year 

cause alfalfa to droop and wilt considerably. iorrnally, it recovers 
without any apparent injury until near the blossoming time. At that 

stage of growth the weather is wanner and there is no doubt a less 

hardened condition of the tissues. A severe freeze just prior to 

the blooming stage seems to hasten maturity of the forage. A ten- 

perature of 20 degrees in eariy September not only w!1t alfalfa 

plants but usually kills some of the upper leave8. 

Peltier and Tysdal (36), with artificial freezing, found that 

seedlings increased in hardiness .th age from 11 to 60 days. The 

amount of injury inoreased with the length of time exposed. More 

injury resulted to plants in a relatively dry soil than in a rela- 

t±vely wet soil. Slow thawing of frozen plants increased the sur- 

vival. Plants showed an increase in resistance to freezing with 

tile length of hardening period up to 14 days. 
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Low Teinperatures and Seed Crops 

The blossoms and imiature seeds of alfalfa are re tender 

than the leaves. A temperature of 27° F. August 16, 1935, killed 

and shriveled all alfalfa seed not over three-fourths normal size 

in the pods. As alfalfa begins blooinii the latter part of June, 

a teniperature of 28° or 29° F. alter July 1 and before August 20 

is alzrst sure to damage an alfalfa seed crop. 

Pre2aration for \finter 

Close pasturing of the fall growth of alfalfa will reduce 

its winter hardiness. Janssen (23) points out the necessity of a 

good supply of organic root reserves for the best winter survival. 

A vegetative cover for the soil in the winter helps to retain the 

snow and prevent extreme cooling of the soil. A reasonable amount 

of moisture should be provided for alfalfa at the end of the grow- 

ing season wherever irrigation is available. 

Field Peas 

Field peas have very hardy vines but the blossoms and ini- 

mature peas are very tender. Occasionally volunteer plants two 

inches high have been observed growing in the spring when the snow 

me ite d. 

Peas emerged during the mild weather of January, l)34. 

They were two to three inches high i1arch 24. A teniporature of 12° 

did not injure them. Peas that had just eurged were slightly 
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injured. 

Plaìfts growing in the fall have never been kiown to survive 

the winter. Peas do best in moderately cool climates. 

Peas grow slowly while the plants are small. They usually 

do not come into full blooni until July 15 when grown with irriga- 

tion. The seed crop has frequently been injured at l3urn5. 

There was a small amount of injury to peas grown on dry land 

June 5, 1914 by a temperature of 21 degroes. There was no other 

frost injury reported to the vines. A temperature of 30 degrees 

killed all inmature pods July 21, ll4. Blossoms and pods were 

killed by a temperature of 27 degrees July 17, 1915. There was a 

small aunt of injury to seed by a temperature of 32 degrees, 

July 18, 1916. Seventy-five por cent of the seed crop was killed, 

and peas three-fourths mature were frozen in the pod by a temperature 

of 29 degrees, September 6, 1922. Fifty per cent of the seed crop 

was ruined and peas one-half mature were frozen in the pods by a 

temperature of 27 degrees, Aigust 16, 1935. 

Data on injury to peas from low temperatures from 1914 to 

1935 are reported in Table 12. 

Potatoe8 

Consistently Injured Spring and Fall Frosts 

Potato vines aro very susceptible to freezing temporature. 

A limited number of the early maturing varieties are grown at the 

station each year. They are usually planted about IIay 10 and begin 
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Table 12. Data on the year, day, temperature 

and amount of injury to peas from frost 

r - E 
Year Date Temp. Injury 

1914 6-5 21°F. Very little. 

1914 7-21 3Q0 Killed all iature pods. 

ll5 7-17 27° Killed all blossoms and sorne pods. 

1916 7-18 32° Injury to seed. 

1918 Lieht frosts every month. Injury to seed. 

1922 9-6 29° Killed 75 of seed crop. Peas three-fourths 

maturo frozen in pod. 

1924 Killed 75 of seed crop. 

1925 Injury to seed. 

1932 8-30 26° Serious injury to innature seed. 

1934 7-22 29° Some injury to the seed yield. 

1935 8-16 27° 5 of seed crop ruined. Peas one-half 

maturo frozen in the pods. 



eirrgin regularly one month from date of planting. The vines are 

usually injured and sontimes almost frozen to the ground before 

July 1. Â few tines they have been frozen twice before July 1. 

Usually the stems above ground are not killed and new growth cones 

out from them above the surface of t he ground. 

The injured portion of the plants provide opportunity for 

disease and rot organisms to enter the steLi and weaken or destroy 

the plants. In the early stages of growth the plants draw upon the 

seed piece for their nutrients. Frost injury while the plants are 

small is especially detriirantal if the seed piece is small. Plant 

food is stored in the vinez, especially nitrates in the early stages 

of growth. Therefore an application of a readily available nitrate 

fertilizer may aid the potatoes in recovering from a freeze. 

A few tines they have matured normally before a killing 

temperature occurred in the fall. The inunature tubers frequently 

cling quite strongly to the vines when they are dug. Their skin 

is not firm but breaks or ruffles easily. 

Tuber Injury 

If the soil is dry there is little danger of the tubers freez- 

ing in the ground before October 15. If the soil is moist from the 

surface down to the tubers, there is danger that some of them w-111 

be frozen the latter part of September. 

Jones, Liller, and Bailey (25) say that various types of 

injury may result from freezing or chilling before the potatoes are 
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dug. Tubers most severely frozen will become soft and break dovm 

i11mediately. Tubers not so badly injured delop a pinkish color 

in the vascular ring which quickly changes to brovii or black and 

usually undergoes very little farther change even during long 

storage. Injured potatoes lose 'weight faster in storage than 

those not injured, 

Prote ctive A&encies 

Fluctuations in teneratures usually occur in very short dis- 

tances. They may be due to air drainage, air currents, or low 

pockets. The anunt of injury has frequently varied in different 

places on the station. One year the potato plots on the lower 

side of the fertilizer series showed more injury than those on the 

upper side. The difference in elevation bet'ween the injured and 

uninjured plots was very little. The frost injured plot received 

no fertilize r treatment. The adj oinin: uninjured plot received 

potash fertilizer. 
[cCool (E9) lowered the freezing point of plants growing on 

imick soil as nnich as 1.8° F. by the application of potash fertil- 
izers. In an instance like the one cited in the fertilizer plots, 

one degree of protection may be sufficient. 

hyslop and Jac]ian in conversation cited observations in 

potato fields that were irrigated and that had made a heavy vine 

growth. They were uninjured by light frosts, except high spots in 

the field, which were drier and where the vine growth was rmich 



smaller. The injury was imich heavier on the dry places. 

Ve etab les 

Such vegetables as cabbage, beets, carrots, parsnips, radish- 

es, turnips, lettuce, and onions are usually grown without serious 

injury from frost. 

The more tender vegetables, such as tomatoes, melons, beans, 

cucumbers, and corn, are so susceptible to frost injury that they 

cannot be grown at the Burns station, 

Cime (8) cites an instance in Texas where cabbage was 

frozen through but was protected from injury by covering with dirt 

before it thawed. The effect of the dirt was to cause very slow 

thawing, which permitted the return of the frozen water to the 

cells. 

Trees and Shrubs 

There are practically no trees growing naturally in Harney 

Valley except willows on the banks of Silvies River. It has been 

a problem to the residents of the valley to find shade trees that 

would survive in the climate. Frosts and drouth both contribute 

to the dearth of trees. 

Carolina Poplars that viere set out when seven feet high were 

killed nearly to the ground by frost the first year. They sent out 

new growth near the surface of the ground the following year and it 

was badly inj'ired by the early fall frosts before the leaves were 
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dropped. Frequently portions of the leaves and new growth of 

twigs have been killed by the very late and severe spring frosts. 

Russian Lilberry set out in 1924 were only small bushes in 

1935. The leaves and twigs were frozen back annually by both early 

spring and late fall frosts. 

Both two foot and seven foot Siberian Elm trees were set out 

alon: an overflow ditch from the windmill. ibst of the original 

growth and the current season's growth of both lots of trees were 

killed back by the early fall freezes, before the wood had becore 

sufficiently hardened. The trees make a good groiith every year 

and a large part of the growth is killed anmially by the severe 

early fall freezes. The result of a freeze is not so quickly ap- 

parent on trees as on field crops, bt a temperature of about 20 

degrees usually causes the green leaves to wilt and dry on the 

twigs. 

In Harney Valley the early fall frosts seem to be too severe 

for the amourrt of hardening developed. 

Three Cork Bark Elms showed considerable injury some seasons, 

in the newest wood growth. 

Silver Leaf Poplar trees that received a small amount of 

water were killed back, while trees a few feet away that received 

moro water vre not injured by frost. 

NortIwest Poplars, Russian Olivos, and Golden Willows have 

not been injured by low temperatures. The ìorthvrest Foplars in 

particular drop their loaves and nature earlier than the trees that 
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have proved to be more susceptible to injury. 

The following shrubs have consistently been very resistant 

to frost injury; Tartarian Honeysuckle, Caragana or Siberian Pea 

tree, iative Wild Currants, and I'ative Rosebushes. Lilac bushes 

have not beon injured by frost, but the blossoms are usually killed 

in the bud stage. 

Wild Chokecherries frequently do not mature fruit because 

of the frost injury to the blossoms or innature fruit. 



1iANS OF PROTECTION FROM LOW TELPERATURE 

Natura]. Protective Agencies 

Length p osure 
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Thero are several natural agencies that may help to pro- 

tect plants from injury by low temperatures. In drier atxnos- 

pheres the temperature usually drops lower than in more huiiid sec- 

tionz but the length of exposure to the minimum temperature for 

the day, is shorter than it is in the hundd sectioii. The daily 

range in the temperaturo at the station is usually 400 to 500 F. 

Therefore the length of exposure to the low temperature is usually 

very short. This no doubt is a factor contributing to the survival 

of the craps from the exposure. 

Cox (lo) states, "In drier atmospheres the range in tempera- 

ture is usually wide. The temperature does not stay at the lowest 

point very long but usually starts to rise inmdiately." 

Changes in Hardening 

The hardening of tissues resulting from exposure to low 

temperatures above freezing is probably the greatest natural pro- 

tection provided for plants. As the temperatures gradually drop 

in the fall the hardening is gradually increased. The frequent 

low temperatures in the spring maintain the hardiness in the 

plant and result in protection. 



64 

Freezing Point Solutions 

Water containing materials in solution has a lower freezing 

point than pure water. The concentration of plant juices varies 

but the freezing point of the more important crops varies from 

10 to 
50 

F. below the freezing point of water. 

Radiation 

During the tii the 8Ufl is shining the soil absorbs a great 

aount of heat. The conduction of the heat absorbed at the surface 

to the lower depths is rather slow. As the air cools above the 

soil it receives heat slowly by radiation. In case of extrema 

temperatures, the hoat radiated from the soil is an important fac- 

tor because it is given up slowly and its protective forces are not 

all spent by morning, which is the coldest part of the day. A 

moist soil will hold more heat than a dry one because of the 

specific heat of water, and because the water more completely fills 

the space. 

Latent Heat 

The heat given out by water when it is changed from a vapor 

to a liquid to form dew on plants counteracts to a small extent 

the falling air temperature. The heat ven out by water when it 

is changed from a liquid to a solid to form frost on the plants or 

ice crystals inside of them is 144 timos as naich as is required to 

reduce it one degree and is an iortant protection. 
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Supercooli 

The fact that tissue must usually be cooled slightly below 

the freezing point before froezing starts is a bit of protection 

which may be sufficient to prevent injury in case of light frost. 

Clouds 

Fortion of clouds retards the loss of heat from the 

earth and the cooling of the air between the clouds and the 

earth. They also protect by slowing up the thawing of tissue that 

is frozen and decrease the evaporation from frozen tissue. Bright 

sunshine in the morning following a freeze results in the mnaxinn.im 

amount of injury. 

Wind 

Any large amount of mnoveiint of the air prevents ectreme low 

teeratures. The killing frosts nearly always occur when there is 

practically no air movement. 

Protective Measures Available to Lían 

Date 
2.. Seeding 

It was determined from a study of the data that the ti of 

seeding is an important protective measure. A knowledge of the 

time '.then frosts occur end their severity, with a knowledge of what 

temperatures plants will withstand at their various stages of 



growth, and the length of tina required from seading or emergence 

to reach those stages, enables man to calculate what date to seed, 

Fall seedings will not emerge after the mean temperature falls to 

430 
F., which is about October 15, at Burnn. In the spring the 

mean temperature rises to 43 degrees about April 15. From the 

agronomie data, it may be seen that there is a definito period 

in which each of the crops should be seeded to avoid the most 

danger froni the frost injury. 

Seleotin Hardy Crops 

Another important method of protection is the selection of 

crops and varieties that are known to be hardy. Experiment sta- 

tions at higher altitudes and where 1w temperatures occur have 

made tests and observations and have very definite advice to offer 

on the frost hardiness of species of plants and varieties of the 

various crops. In addition, several investigators using controlled 

temperatures have determined the frost hardiness of many plants. 

Yith other environmental conditions under control, they have ob- 

tained considerable information on the effent of other factors to 

the resistance of plants toward low temperatures. 

Breeding Hardy Varieties 

Hardiness is a character that is inherited and transmitted 

to succeeding generations. Some of our leading varieties are the 

result of coining high yields and hardiness by plant breeders. 
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The reasons vary for one variety being hardier than another. 

Blimi (5) attributes the hardiness of Grimm arid similar var- 

ieties of alfalfa to be due to the orovm being more spreading ami 

the buds arising near and under the surface of the ground. The buds 

on southern strains emerge abov8 ground where they are less protect- 

ed. The spreading root system of Grimm is an added protection 

against heaving and increases the range of the feeding zone. 

Use of Fertilizers 

A vigorous groith that results in an early development, 

which is normal, is a protection because there is a reducing of the 

amount of freezable water in the tissue with maturity. An over- 

supply of nitrogen in the soil results in a vigorous growth that 

is late maturing and characterized by thin walled cells that have a 

large amount of freezable water and are therefore less resistant to 

frost. Phosphorus induces early maturity and protects by shortening 

the period of exposure to frosts. 

Applications of potash fertilizers usually increase the 

frost resistance of crops, Chandler (7), Selisehop and Salmon (42), 

and iLcCool and Liiller (31. Llagistad and Truog (27) reduced the 

freezing point of corn i.e° to 2.16° F. by applications of potash 

fertilizers on peat soil. Roots are the most sensitive part of 

the plants to low temperature. however, due to protection of the 

soil they are not subjected to as great extremes in temperature as 

the tops. Therefore, the tops are most frequexrtly injured. Applica- 



tions of potash fertilizer may lower t1e freezing point of crops 

sufficiently to prevent injury from a light freeze. 

Irrigation 

Vtherever irrigation is available it is a valuable moans of 

protection. Water in the soil increases the emount of radiation 

fron the soil. It increases availability of plant nutrients and 

therefore plant growth. A heavy vegetative cover acts somewhat as 

a blanket and retards the loss of heat by radiation from the soil 

to the air. An irrigation just before a freeze increases the 

humidity of the air around the plants and raises the dew point. 

It also provides more material to 000l and gives off a lot of heat 

in the freezing. It slows up the thawing of frozen tissue and 

prevents evaporation from it. 

When crops are grovn that have as high a value as many of 

the fruit crops, the cost of protection is justifiable. The smudge 

system form. a layer of smoke over the crop that reduces radia- 

tion to the higher atmosphere. heating with fires warms the air 

higher and therefore requires the release of moro heat units, but 

is a more dependable system. 

Klages (26) found that wheat seedings on drier soil were not 

injured as quickly by freezing temperatures as they were on wet 

soil, but when freezing started plants on the dry soil were all 

killed in a very short time and many of the plants on the wet 

soil were still living. 



Young (51) says, 'tLioisture in the ground tonds to preverrt the 

fall in temperature at night. ....... Vhon the devi point is reached 

and the latent heat given up, it chocks the rate of cooling. Chang- 

Ing water to Ice also liberates heat.'t 

Hill and Saliron (21) found, that whoat plants suffered less 

freni low temperatures In a wet soil than they did when growing in 

a dry soil. 

Lanor Viays of Decreasing Frost Injury 

Harvesting crops, a few days before a freeze occurs, results 

in avoiding some of the damage. Injury to standing grain or alfalfa 
is greater than it is to the crop in the sheaf. Iiimiature grain that 

becomes frozen should be cut as soon as possible. If left standing 

the injury increases to some extent. 

Various protective covers have been used. On vegetable 

plants such covers as glassine, celluloid, waxed parchment, and 

celloglass have been used with considerable success. 

A nitrate fertilizer applied to wheat badly injured by 

frost in the grass stage, aided remarkably the recovery of the 

wheat. 

Straw and grass nilches are also very effective under con- 

ditions where they are not too expensive to apply. They may be 

effective in obtaining a stand of tender plants. 

Cover crops around trees reduce moisture and hasten maturity 

and may prevent injury at tho end. of the growing season. 
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A heavy vegetative growth of fall seeded crops has resultod 

in holdin< the snow and delaying early growth in the spring and 

avoiding injury from early severe spring freezing. Seeding of crops 

in the stubble have arforded practically the sane protection. 

The seeding of grain by the deep furrow method is chiefly a 

winter protection. It protects by catching and holding the snow, 

which acts as a cover arid may result in deoreasin,g injury in the 

earliest part of the growing season. 

Only mature seed that has not bean injured by frost should be 

seeded. Iature or slightly frosted seed usually ¡ields weak 

plants that are neither vigorous or frost hardy. 

Large seed pieces assist in recovery of potatoes from frost 

injury in the early stages of growth. 
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FOCASTflG FROSTS 

A study of the factors affecting injury to crops by low 

temperatures siilates interest in the forecasting of frosts. 

Roc, Neal, Colby and Colby (36) studying, "The temperatures 

of peat soil relative to suimiier frost control," summarize their 

conclusions on forecasting frosts as follows: 

1. Barometric pressure shows an opposite trend to air and 

surface temperatures 60 to 65 per cent of the tire. 

2. Trends of humidity show some tendency to follow toxa- 

perature trends. 

3. Rain or a rainy period tends to raise the humidity 

sharply but only for a very shore period. 

4. Cloudiness markedly restrains extremes of temperature. 

5. Frost is likely to occur on the second morning follow- 

Ing a rain or a rainy period. 

6. Clear sky and northerly winds tend to predominate 

when the barometer is rising. 

7. A clearing sky in the evening is likely to 'ce followed 

by a sharp drop in temperature early the next morning. 

. A northerly and more especially a northwest wind in the 

afternoon is likely to be followed by a dangerously 

low temperature early the following morning. 
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DISCUSSION AND SUUARY 

The harney Branch Experint Station is located at Burns, 

Oregon, at an elevation of 4139 feet, where the atmosphere is dry, 

the daily range in temperature is vride, and frost is frequent. 

o o 
Temperatures as low as 19 to 21 F. occurred several tines as 

late as June 3. Temperatires 240 to 290 F. occurred several times 

near July 1. A temperature as low as 270 was likely to occur any 

time aÍer August 20. 

The crops were grown on dry land from 1914 to 1919, inclusive 

and most of them with irrigation from 1920 to 1935 inclusive. The 

injury from low temperatures was usually greater on dry land than 

on irrigated land. 

Temperatures of 210 and loss injured the leaves of cereals 

in the grass stage. The outer ends of the leaves were less resistant 

than the portion nearest the roots. A large per cent of the plants 

in tile grass stage, on dry land, were killed one year by a tempera- 

turo of 210 F. Barley plants in the grass stage were less hardy 

than other cereals. However, the barley plants recovered remarkably 

from frost injuries. 

The flower and the seed are the most susceptible part of 

cereal plants to frost injury. 

A temperature of 26° F. two different years killed most all 

the flowers in the heads that had emerged, of wLnter wheat, spring 

wheat and barley. It also killed a large por cent, probably less 
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than half, of the rye heads that had emerged. A temperature of 27° F. 

occurred several times while wheat and barley were heading, but ap- 

parently no injury resulted. A tenerature of 28 degrees while dry 

land winter wheat was heading, did no injury. Rye heads were con- 

siderably more hardy than the other cereals. 

Very inature seeds of wheat containing a high percentage of 

water seem to be injured by less frost than is necessary to injure 

the flowers at heading time. A temperature of 27 degrees sevoral 

times injured seeds of wheat that were not mature. A temeraturo 

of 28 degrees injured inmature oats on dry land one year. The data 

indicate slight injury to iature wheat from a temperature of 29 

degrees. 

As the late spring frosts are so usual in Harney Valley, 

winter wheat is frequently injured. In order to escape these 

frosts it has been suggested that the winter wheat be seeded in 

the spring but in 1914, 1915, and 1916 winter wheat seeded in the 

spring did not yield as nich as the same crop seeded in the fall or 

as much as spring varieties. Winter wheat seeded in the spring has 

matured and made a crop several times, but has never made a very 

high yield. 

Spring wheat seeded before April 20 began heading before 

July 1, which is a hazardous date. Seeded after lay 7, it matured 

after August 20, and was in danger at that time from early fall 

frost. 
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Then Líarkton oats, an early maturin; variety, were seeded 

between April 20 and May 10, they headed and matured during the 

period when there was least danger from frost. 

VLhen Trobi and 0.A.C. No. 7 barley were seeded between Lay i 

and. May 14, they headed and matured at a roasonably safe time. 

Alfalfa when grown with irrigation for hay purposes was fre- 

quently wilted by the low temperature. The plants quickly recovered 

and did not appear to be permanently injured. A tomperature of 27 

degrees n August killed all seed in the pods that were 50 per cent 

or less matured. 

The vines of Kaiser field peas are very frost hardy. Plants 

two to three inches high withstood a temperature of 12 degrees with- 

out being injured. Seeded in the fall they will not survive the 

winters at thirns. The blossoms and pods are very tender. A tempera- 

turo of 30 degrees killed ali iature pods on s. dry land crop. 

Temperatures of 29 and 27 degrees killod peas 50 per cent mature in 

the pod. They usually do not mature until after August 20 when 

grown with irrigation, and therefore are in danger of injury from 

early fall frosts. 

Early varieties of potatoes planted Ilay 10 require about 30 

days to emergo. The vines are asually badly frozen before July 1 

and again in the fall before they maturo. They recover better when 

large seed pieces (approximately two ounces) are planted. 

Tomatoes, beans, melons, and such tender vegetables require 

n. longer frost-free growing season than is experienced at the Burns 
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station. Cabbage, root crops, and the re hardy vegetables with- 

stand the late spring frosts and early fall frosts without serious 

injury. 

Willows on the banks of Silvies River are practically all 

the trees that are growing naturally in ilarney Valley. Liany of the 

leaves of Carolina Poplar and Russian Mulberry are sontimes frozen 

late in Juno. g71ld chokecherries frequently do not mature fruit 

because of frost injury to the blossoxz or iiature fruit. The 

most serious injul7 is killing of the current season's grovrth by 

the early fall freezes. Silver Leaf Poplars that received a medium 

amount of irrigation were injured less than those recei'dng only a 

small amount of water. Northwest Poplars, Russian Olives, and 

Goldea Willows drop their leaves, mature earlier than other trees 

that have been tried, and have not been seriously injured by the 

low teneratures. 

Nature has several means of protecting plants from frost 

injury. Exposure to low temperatures slightly above freezing harden 

the tissues so that they do not freeze quite so easily and. are in- 

jured less from s.ight freezes. The hardening in some tissues will 

proceed far enough to enable them to withstand very low temperature. 

Other plants have very little potentiality for hardening. Concen- 

tration of plant juices lowers their freezing point below that of 

water. Radiation of heat from the soil helps to keep up the air 

temperature at night. Latent heat given off when water condenses 

or freezes is a protection. The fact that tissues may be super- 
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cooled and warned again without freezing has prevented injury many 

tinas. Clouds retard the cooling of the air, slow up thawing of 

frozen tissue, and decrease evaporation from frozen plants. Forma- 

tion of clouds frequently have prevented frosts or reduced the 

injury from freezing. Wind helps to equalize air temperatures and 

prevent frost pockets. 

There are several protective measures available to man's use. 

Agricultural colleges iave very definite advice to offer on the 

frost hardiness of species of plants and varieties of various crops 

so that one may choose hardy varieties. Plant breeding nthods ny 

combine hardiness with other desirable qualities and result in 

hardier strains. Applications of potash and phosphorus fertilizers 

have a tendency to increase resistance to frost. Application of 

nitrogen fertilizers often delay maturity and reduce hardinass. 

The freezing point of corn may be lowered as much as 2° F. by appli- 

cations of potash fertilizers on peaty soils. Irrigation reduces 

the anunt of cooling at the soil surface and produces a more 

vìgorous growth of plants that are usually more frost resistant. 

An irrigation applied just before a freeze increases the humidity 

around the plants, ra:.ses the dew point, provides more latent heat 

in the event of freezin:, arid reduces evaporation from tissue if 

it is frozen. The total result of the effects of an irrigation 

is usually a protection to crops. 

There are several minor ways of reducing or preventing injury 

from frost. A crop may be harvested just before a freeze and pro- 
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vent the frost injury. When cereals are frozen, the injury wHi be 

less if they are harvested iediate1y. Various protective covers 

have been used on vegetable plants and injury avo3.ded. Cover crops 

in orchards reduce the moisture supply and hasten maturity and nay 

prevent injury at the end of the growing season. A hearj veetatìve 

growth ny tain moro snow, prevent an early thaw and too early a 

spring growth, aM thereby prevent injury from a hard, early 

spring freeze. Seeding by the deep furrow method or in stubble 

may afford a similar protection. Seedlings resulting from poor 

seed may be weak unless resistant to frost injury. Large seed 

pieces of potatoes provide more plant food which is a valuable 

protection if the plants are frozen when quite small. A good sup- 

ply of plant nutrients in the soil will be an aid to recovery in 

case of injury from a low temperature. 

A hard northwest wind in the afternoon is likely to be foi- 

lowed by a dangerously low temperature early the following morning. 

Rain or a rainy period tends to raise the humidity sharply but only 

for a very short period. Cloudiness markedly restrains extrezEs 

of temnerature. 
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CONCLUSIONS 

Therefore, the conclusion may be drawn that nature reduces 

injury to plants by: 

1. Hardening the tissue of plants. 

2. Radiation of heat from the soil when the air is cooler 

than the soil. 

3. Latexi heat of water given off in the freezing process. 

4. Reduced freezing point due to concentration of plant 

cell sap. 

5. Clouds. 

6. Wind under some conditions. 

Also, that the following, are nans available to man for the 

reduction of frost injury: 

1. Proper date of seeding. 

2. Choice of hardy crops or varieties. 

3. Use of irrigation water. 

4. Use of vigorous seed. 

5. Improvement through plant breeding. 

6. Application of potash fertilizers under certain condi- 

tions. 

7. Use of ilches and covers in limited cases. 
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