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Introduction

Whest i ssubjected to adverse weather conditions
during much of itsgrowth period. Low temperatureinjury
during winter and spring can be particularly destructive.
Thewinter hardiness of most varietieswhen combined
with good management practices have reduced
winterkilling of whest.

Wheat haslittleresistanceto low temperatures after it
beginsgrowinginthe spring, therefore, injury from freezes
at thistime can occur. Thefollowing pagesdescribes
temperature conditionsthat cause spring freezeinjury,
symptomsof injury at different spring growth stages, and
management practicesto usewhenwheat isinjured.
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When and Where
Spring Freeze Injury Occurs

Spring freezeinjury towheat can occur in different
areasof thedate. Injury usualy occurswhenever low
temperatures coincidewith sengtive plant growth stages.
Theamount of injury may belargeor only afew fieldsor
partsof fields. Itismost severeaong river bottoms,
valleys, and depressionsinfieldswhere cold settles.

Early-maturingwheat ismorelikely to beinjured by
freezethanislate-maturing wheat. Susceptibility to
freezing temperatures steadily increasesasmaturity of
wheat advancesduring spring (Figure1). Somevarieta
differenceinresistanceto spring freezeinjury hasbeen
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Table 1. Injury Symptoms of Wheat Resulting from Freezing Temperatures
Approximate
Growth  Injurious Temperature Primary Yield
Stage (two hours) Symptoms Effect
Tillering 12F(-11 C) Leaf chlorosis; burning of leaf tips; silage odor; blue cast to fields Slight to moderate
Jointing 24F (-4 C) Death of growing point; leaf yellowing or burning; lesions, Moderate to severe
splitting, or bending of lower stem; odor
Boot 28F (-2C) Floret sterility; spike trapped in boot; damage to lower stem; leaf Moderate to severe
discoloration; odor
Heading 30F(-1C) Floret sterility; white awns or white heads; damage to lower Severe
stem; leaf discoloration
Flowering 32F(00Q) Floret sterility; white awns or white heads; damage to lower Severe
stem; leaf discoloration
Milk 28F(-2C) White awns or white heads; damage to lower stems; leaf Moderate to severe
discoloration; shrunken; roughened, or discolored kernels
Dough 28F(-2C) Shriveled, discolored kernels; poor germination Slight to moderate




reported, but it ismostly caused by differencesin plant
growth stageswhen freezesoccur. Thereislittledifference
among wheat varietiesat the same growth stageand,
therefore, little opportunity toincreasefreezing resistance.
Whest that has had good growing conditionsand high
soil fertility, particularly nitrogen, ismoresenditiveto
freezeinjury because of itslush growth and high moisture
content. Drought stress, on the other hand, tendsto
harden plantsto cold and decreasestheir water content
and the severity of freezeinjury. Amplesoil moisture, cool
temperatures, and high soil fertility dowsplant maturity
whichreducesitspotentid for injury ascompared to
plantsthat have had |essfavorablegrowing conditionsand
arein more advanced growth stage when freezing occurs.

Temperatures that Cause
Spring Freeze Injury

Winter wheat goesthrough acomplex processof cold
hardening during thefall that increasesitsresistanceto
cold duringwinter. Itscold hardinessisquickly lost when
growth resumesduring the spring. Littleresistanceto
freezingispresent at that time.

Cold temperaturesthat causeinjury to winter wheat
after hardening inthefdl and dehardeninginthespring are
showninFigure 1. Wheat ismost sendtiveto freezeinjury
during reproductive growth, which beginswith pollination
during late boot or heading stages. Temperaturesthat are
only dightly below freezing can severdly injurewhest at
these stagesand grestly reducegrainyields.

Thedegreeof injury to wheat from spring freezesis
influenced by the duration of thelow temperaturesaswell
asthelow point they reach. Prolonged exposureto
freezing causesmuch moreinjury than brief exposureto
the sametemperature. Temperaturesat whichinjury can
be expected showninFigure 1 and Table 1, arefor two
hoursof exposureto each temperature. Lessinjury canbe
expected from shorter exposuretimes, whileinjury might
be expected at even somewhat higher temperaturesfrom
longer exposuretimes.

Themany factors (plant growth stage, plant moisture
content, and duration of exposure) that influence spring
freezeinjury towheat makeit difficult to predict the extent
of injury. Thisiscomplicated still further by differencesin
€elevation and topography among whest fieldsand
between wheat fieldsand official weather stations. Itis
not unusud, for instance, for wheat growersto report
markedly lower temperaturesthan arerecorded at the
nearest officia weather station.

Figure 2. Leaf tip burn and yellowing are common spring
freeze symptoms at the tillering stage.
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Figure 3. More severe freeze damage causes the entire leaf to
turn yellowish-white and the plants to be flaccid. A silage odor
may be detected after several days

Figure 4. Growing points can be located by splitting stems
longitudinally with a sharp blade



Figure6. Agrowing
point that has been
damaged loses its
turgidity and greenish
color within several days
after afreeze. Ahand
lens will help detect
subtle freeze damage

symptoms.

Note contrast in healthy
(left) and damaged
(right) growing point in
Figure 6a.

Figure5. A healthy
growing point has a crisp,
whitish-green appearance.

Figure 6a

Figure7. Ayellow or
nectortic leaf emerging
from the whorl indicates
the growing point is
damaged.

Symptoms of Spring Freeze Injury

Knowing thesymptomsof freezeinjury enablesearly
assessment of theextent of injury. Thisgivesmore
choicesonwaysto usethe damaged crop and on alter-
nate cropsto plant. Waiting until harvest to learn that
wheat has been damaged by freezing decreasesthevaue
of thedamaged crop for some usesand limits manage-
ment choices.

Assessment of freezeinjury isaided by severa
characteristic symptomsthat devel op at each growth
stage. Cold temperaturesafter spring freezesmight delay
development of injury symptoms, but injury to vital plant
partsusually can be detected by careful examination. Itis
important to know the plant partsthat are most vulner-
able at each growth stage, wherethey arelocated onthe
plant, and their appearance when they arenormal aswell
aswhen they havebeeninjured.

Tillering Stage

Springtillering of wheat usualy beginsduring late
February and continuesthrough March. Thegrowing
pointisnear thesoil surfaceduringthisstageandis
protected against injury. Most damage occursto leaves,
which becometwisted and light greentoyellow incolor
and arenecrotic ("burned") at thetip within oneor two
daysafter freezing (Figures2 and Figure 3). A strong
odor of dehydrating vegetation may be present after
severd days.

Injury at thisstage d ows growth and may reduce
tiller numbers, but growth of new leavesandtillersusudly
resumeswith warmer temperatures.

Jointing Stage

Thejointing stage of whesat usualy occursfromlate
Marchthrough April. Leavesof freeze- injured plants
show thesame symptomsas at thetillering stage, but the
most seriousinjury occursto the growing points.

Thegrowing pointscan belocated by splitting stems
longitudinally with asharp blade (Figure4). A norma,
uninjured growing point isbright whiteto yellow-green
andturgid (Figure5); freezeinjury causesit to become
white or brown and water soaked in appearance (Figure
6). Thisinjury can occur evenin plantsthat appear
otherwisenormal becausethegrowing pointismore
sengitiveto cold than are other plant parts. Growth of
stemsinwhichthe growing pointsareinjured stops
immediately. A chlorotic or dead |eaf may appear inthe
whorl, indicating that thegrowing point isdead (Figure
7). Growthfromlater uninjured tillersmay obscure
damage. Partid injury at thisstage may causeamixture



of normdl tillersand latetillersand resultinuneven
maturity and somedecreaseingrainyield. If plantsare
largeand stemscollapse, small tillerscan bekilled dueto
lack of light aslarger tillerscollagpse onthem. Flash
grazing may beagood management practiceinthe
scenario.

Injury tothelower stemsin theform of discoloration,
roughness, lesions, splitting, collapse of internodes, and
enlargement of nodesfrequently occursat thejointing
stage and thefollowing stages after freezing (Figure 8).
Injured plants often break over at the affected areas of
thelower stem so that one or two internodesare
pardle tothesoil surface.

Steminjury doesnot appear to serioudy interfere
with ability of wheat plantsto take up nutrientsfrom the
soil and trand ocate them to the developing grain. Injured
areasmight becomeinfected by microorganismswhich
can causefurther sem deterioration. Severesteminjury
can affect plant-water relationsduring thelate season.
Affected plants can suddenly dry down asevaporative
demand exceedsthe capacity of the stem to uptake
water. Lodging (falling over) of plantsisthemost serious
problem following steminjury. Wind or hardraincan
eadly lodgethe plants, deceasing grain yieldsand s ow-
ing harvest. With severe steminjury, splitting of sems
(Figure9) and collapse of internodesiscommon (Figure
10).

Boot Stage

Freezeinjury at thisstage, whenthe headsare
enclosedinthe sheath or theflag leaves, causesanum-
ber of symptoms. Freezing may trap thehead insdethe
boots so that they cannot emerge normally. Whenthis
happens, the headswill remainin the boots, split out the
sidesof the boots, or emerge base-first from the boots
(Figure11).

Sometimes spikesemerge normally from the boot
after freezing, but remain yellow or even whiteinstead of
their usua green color (Figure 12). When thishappens,
the heads have been killed.

Frequently, only themale parts (anthers) of the
flowersinthehead arekilled. Sincewhest issalf-
pollinated, sterility caused by freezeinjury causes poor
kernel set and low grainyield. Injury can be detected
soon after freezing by examining theanthersinsdeeach
floret. Anthersarenormally light green and turgid when
young and becomeyellow about thetimethey are
extruded from theflorets after anthesisor flowering
(Figure 13). Theanthers, still green, becometwisted and
shriveled within 48 hours after afreeze (Figure 14 and

Figure 8. Discoloring
and roughening of the
lower stemare symp-
toms of spring freeze
damage.

Figure9. Splitting of
stems occurs with severe
freeze damage.

Figure 10. Collapse of internodes, which may lead to lodging
occurs with severe freeze damage.



Figure 11. The twisted spike on the right ws trapped in the
boot and split out the side of the sheath. The awns of the
middle spike were damaged while it was till in the boot stage.
The spike on the left had partially emerged when freezing
occurred so only the upper portion of the spike was damaged.

Figure 12. Thisspikeis
emerging normally, but the
yellow water soaked
appearance, instead of the
normal crisp, green spike
indicates it is damaged.

.| Figure 13. Healthy wheat

| anthers are trilobed, light

green and turgid before

pollen is shed. Each wheat

floret contains three anthers.

Healthy stigmas are white

. @ and have a feathery appear-
= ance.

Figure 15), but they turn whiteto whitish-brown quickly
and may not be extruded from theflorets (Figure 16).
Thefemale parts (stigma, style, and ovary) may be
damaged, but if they are, theanther alsowill beinjured.
Thegtigmanormally hasagreenish-white, festhery
appearance. A damaged stigmabecomes off-whiteto
brown and will not open. Theovary will also turn off-
whiteto brown. Useof ahand lenswill be helpful in
detecting symptoms.

Many symptomsof freezeinjury that occur at early
stagesmight also be present at the boot stage (Figure
17). Leavesand lower ssemsmight exhibit symptoms
described for thejointing stage, but these plant partsare
lesssengitivethan arethe maleflower parts. Itisimpor-
tant, for thisreason, to examinethe anthers. Freezing
temperaturesthat are severeenough toinjureleavesand
lower ssemsarenearly dwaysfata to maeflower parts,
but |lessseverefreezing may causemaegerility
without any symptomsappearing on plant vegetative
parts (leavesand stems).

Heading Stage

Whesat headsusually emergefrom the bootsduring
thefirst twoweeksof May. Most symptoms of freeze
injury at thisstage are sterility, leaf desiccation or drying.
Lesionsonlower ssemshave symptomsthat aresimilar
tothoseat earlier growth stages. The most apparent
symptom, however, isusudly chlorosisor bleaching of
theawns("beard") so that they arewhiteinstead of the
normal green color (Figure 18). Freezing temperatures
that injuretheawnswill usualy kill themaleflower
parts (Figure 19).

A light greenor white"frost ring" may encirclethe
stemsoneto twoinchesbel ow the heads several days
after exposureto freezing temperatures (Figure 20). This
areaof yellowed chlorotic tissue marksthejuncture of
thestemsand theflag |eavesat thetimethat thefreeze
occurred. Thefrost ring may be present oninjured
plantsaswell ason plantsthat show no other injury
symptoms. It doesnot seem to interfere with movement
of nutrientsfrom the plant to thedeveloping grain. As
the plants mature, the heads may break over at thefrost
ring. That ismost likely to happen to headsthat arewell-
filled, particularly during windy conditions.

Flowering (Anthesis) Stage

Wheat usudly flowersabout oneweek after the
heads appear. Symptoms of freezeinjury at theflowering
and heading stagesarenearly smilar.

Theflowering stageisthemost freeze-sengtive stage
inwheat. Small differencesintemperature, duration of



exposure, or other conditionscan causelarge differences
inamount of injury.

Exposureto freezing temperaturesat theflowering
stagekillsthemale parts of theflowersand causes
sterility asdescribed for the boot and heading stages.
After freezing, theanthersarewhiteand desiccated or
ghriveled instead of their norma yellow color.

Freezeinjury at theflowering stage causeseither
completeor partid sterility, and void or partialy filled
heads because of the extreme sengitivity.

Flowering proceedsfrom florets near the center of
wheat headsto florets at thetop and bottom of the heads
over a2- to4- day period. Thissmall differencein
flowering stagewhen freezing occursmay resultinno
grain being set in the center or one or both ends of the
head (Figure 21). Thislack of grain set may have
resulted from maeflowersinthosefloretsbeingina
sengtivegrowth stagewhen thefreeze occurred. Grain
might develop in other partsof the spikes, however,
because flowering had not started or was already com-
pletedin thosefloretswhen thefreeze occurred.

Milk Stage

Young developing kernelsnormally grow tofull size
(volume) within 12 to 14 daysafter flowering, but
maximum grain weight isnot reached for another two
weeks (Figure 22 and Figure 23). If young kernelsfail to
devel op after freezing temperaturesoccurred, they likely
have been injured. Injured kernelsmay bewhiteor gray
and havearough, shriveled appearance (Figure 24)
instead of their normal light green, plump appearance.
Cool wesather frequently delaysthese other symptoms
andfailure of kernelsto develop may bethemajor
indicationof injury.

Kerndsthat aredightly injured a themilky ripe
stage may grow to normal size, but producelight, shriv-
eled grain at maturity. Examination of thekernelsbefore
maturity, at the early dough stage, may show that their
contentsaregrey and liquidinstead of white and viscous
asthey should be at thisstage (Figure 25). The
interior of therachilla, thesmall stemsthat attach the
spikeletsto the stems, may also bedark instead of light-
colored, sothat the spikeletsare easily stripped from
thestems. These symptomsresult from gradual deterio-
ration of tissuesand usually do not show up for aweek
or more after freezing occurred.

Whest that hasbeeninjured by freezing at themilky-
ripe stage often shatterseasily at maturity, and the
shriveled kernelscausethegrainto havealow test
weight. Germination percentage of thegrain alsomay be
serioudly reduced asaresult of freezeinjury.

Figure 14. Anthers
become twisted and
shriveled, yet they are
still their normal color
within 24 to 48 hours
after afreeze. Ahand
lensis necessary to
detect these symptoms.

Figure 15. Close-up of twisted anthers and unopened
whitish stigma shown in Figure 14.

Figure16. If
damaged, anthers
beome white after
3to 5 days and
eventually turn
whitish-brown.
The anthers will
not shed pollen
or extrude from
the florets.

!




Figure 17. Damage to the lower stem and nodes can occur at
the boot and heading stages. Freeze damage causes nodes to
become enlarged and the stem to bend or have a crooked
appearance.

Figure 18. Symptoms
of dight freeze
damage may occur
only on the awns as
the spike is emerging
fromthe boot or after
heading. Awns
become twisted and
bleached or white
instead of their
normal green color.
There may be no other
damage to the rest of
the plant.

Figure 19. Freeze damage at heading causes glumes to
become yellow and have a water-soaked appearance instead
of green and turgid. The rachilla, the short stem that connects
the floret to the spike, may become purplish-brown, indicating
damge.

Dough Stage

Wheat kernelsreach full sizeand nearly full weight
by mid-dough stageinlate May to early June. Because
kernel development isnearly complete and kernel
moi sture content may have decreased, wheat isusually
moreresistant to freezing temperaturesat thisstage than
at most earlier spring growth stages. Theonly visblesign
of freezeinjury at the dough stage may bean unsightly
wrinkled appearance of thekernelsand adightly re-
duced test weight.

Themost serious consequence of freezeinjury at the
dough stageisreduced germination of kernels. The
embryo or germ usualy hasahigher moisture content
than other kernel parts, and its complex cellular content
and structuremakesit morevulnerabletofreezing.

Management of Freeze-Injured
Wheat Harvest for Grain

Freezing frequently injuresonly part of thewheat
head or only plantsin certain partsof fieldssuch as
depressionsand low areas. In addition, |atetillersthat
normally would not produce significant grain may de-
veloprapidly after afreeze, particularly whenit occursat
early spring growth stages. Theselatetillersmay produce
appreciableyiedsif weather conditionsfollowing the
freezeare suitable. Freezesat late spring growth stages
wouldresultinlatetiller being devel opedin hot and dry
conditionswhich usually prevent them from producing
worthwhileyidds.

Whenfreezeinjury isonly partial and aternate
management practicesmight disrupt established rotation
systemsor when good alternate uses of cropsare not
available, then the best management practice might be
patience. Except inthe most severe cases, whest that has
been injured often producesyieldsthat exceed
harvesting and hauling costs. Thismight be offset some-
what by the possibility of lodging caused by lower stem
damage. Lodged plantsslows harvest and increases
shattering losses.

Grain produced by whegt injured after theflower
stagefrequently isof poorer quality than usud . Test
weight may below, kernelsmay be shriveled or discol -
ored, and thegrain may beamixture of kernels of
different szesand maturities.

The germination percentage of grainfrom afreeze-
injured plant that isto be used for seed should be
checked before planting. Grain of most whest varieties
hasanatural dormancy that causes|ow germination for
severa weeksafter harvest. Thegrain should begivena
cold treatment beforetesting, or germination testsshould



bedelayed for amost four weeks. If germinationissdow
and germination percentageislow for four weeksor
more after harvest, thewheat should not be used as
seed. Shriveled seed should not be used in any case
becausefiedld emergenceispoor evenif germination
percentageishigh. In addition, shriveled seeds produce
lessvigorousseedlingsthat usudly yieldlessgrainthan
seedlingsfrom good quality whest seed.

Wheat grainthat isshriveled or germinatespoorly

can gtill beused ascattlefeed. Itisusualy highin protein

content, which enablestheamount of protein from other
sourcesto be decreased. Wheat grain should be gradu-
ally incorporated into thelivestock ration over aone-
week period and, in no case, should it constitute more
than one-third to one-half of thetotal grainintheration.

In order to make the decision to keep or abandon a
field of wheat, afarmer needsto estimate potentia yield
(Seepublication SCS-1999-21 onyield estimationin
wheat).

Hay or Ensilage

Producersshould evaluatethefield for total freeze
lossbefore abandoning the crop. The degree of freeze
injury variesgreetly witheevationinagivenfidd. In
many cases, low lying areasin afield may havesevere
injury, whilethe upper end of thesamefield may have
little apparent injury. Strategic use of ahot wiremay
alow asgnificant amount of grain harvest, whileutilizing
freezeinjured wheat asforage. Thisrequirescareful
scouting.

If damageiswide spread enough that haying isthe
only option, producers need to harvest assoon as
possibletoretaintheforage quality. Freeze damaged
wheat degradesvery rapidly. If adequate livestock are
not availableto utilizeforagerapidly, hayingmay bea
better option, if weather will alow.

Cuitting freeze-injured whest for hay or ensllagemay
bethe most economic and practical useif thefeedis
needed and equipment isavailable. Thefeed qudity of

hay or ensilageisgood through the soft dough stage, and

salvaging thecrop thisway givesit ausethat it might not
otherwisehave. Moreover, it might be necessary tokill
freeze-injured wheat plantsso that they will not become
weedsif thelandisreplanted to other crops. Itisalso
usually desirableto removethewheat vegetation

instead of directly workingit into the soil to prevent
excessvesoil moistureloss.

Thenitrate content of wheat used for hay or ensilage

after freezing should be checked to avoid toxicity to
livestock. Latefreezing usudly injuresonly certain parts

Figure20. A whitish"frost ring" encirclesthe stem at the
junture of the stem and flag |eaf at the time of the freeze.

Figure 21.
Damage may
occur in different
areas of the spike
because flowering,
which is the most
sengitive stage to
freeze, does not
occur at the same
timein all florets.

Figure 22. Shortly
after pollination
healthy kernels begin
to develop and are
greenish-white.




Figure 23. As healthy
kernels continue to
develop, they will
contain a clear liquid.

Figure 24. Kernel development stops immediately after
freeze damage. Damaged kernels are grayish-white,
rough and shriveled.

Figure 25. These healthy kernels at the milk to early dough
stage contain a whitish fluid. Damaged kernels contain a gray
to brownish liquid that is less viscous than the whitish fluid in
undamaged kernels.

of thewheat head and rardly killsthewholeplant, plants
may continueto absorb nitrate from the soil but do not
haveany developing grainto utilizethenitrogen. Nitrate
might accumul ate under those conditionsand poison
livestock unlessthefeed isdiluted with adequate quanti-
tiesof low-nitratefeed.

Cattleonwheat hay or ensilagethat was cut after the
anthesis(flowering) growth stage should be closely
observed for devel opment of actinomycosi's, commonly
known asbigjaw or lumpy jaw. The problem occurs
whentissuesins dethe mouth of cattle are punctured by
wheat avnsand becomeinfected. Actinomycosisis
lesslikely whenwheat iscut at young stagesof maturity
andwhenitisfed asenslagethanwhenitisfed ashay.

AlternateCrops

Ampletimeisusually availableafter early assessment
of spring freezeinjury inwhest to allow the producer
timeto replant theland to other crops. Themost likely
aternate cropsfor our areawould be cotton or grain
sorghum (milo). Other possibilitiesare sunflowersor
corn, if damageisassessed early andirrigationisavail-
able.

Freeze-injured wheat might need to bekilled withan
herbicideif itisnot cut for hay or ensilageto prevent it
from becoming aweed after replanting to another crop.
Thisisnecessary becausefreezing rarely killstheentire
plant. If thewhesat iskilled at alate devel opment stage
thestalk will remain standing for severa months
protecting the dternate crop from wind damage.

With wheet-fallow or wheat-sorghum-fallow rota-
tions, an dternate crop, usualy sorghum, might be
planted onfalowed landif soil moistureconditionsare
adequate. Theland withinjured wheat can be summer-
fallowed and replanted towhesat inthefall. Thisscheme
requires better than usual moisture conditionsfor both
the sorghum and for thewheat inthefall.

For additional information see our website
at: http://taexsoilcrop.tamu.edu

Theinformation concerning freezeinjury in wheat was
maodified from the Kansas State University Cooperative
Extension Service publication C-646 revised March
1995. A copy of the KSU publication, C-646, is
availableinapdf format at the following website:

http://www.oznet.ksu.edu/library/cr pd 2/C646.PDF.
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