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Nature of Cold Injury and Resistance in Wheat and Barley
Yooun Il Nam*, Kyu Bok Youn* and Bon Cheol Koo*

ABSTRACT

There are several meterorolgical stresses in the winter cereal crops. Among these stresses, cold injury is
one of the most important stresses for wheat and barley production in Korea.

The reduction in grain yield of the wheat and barley due to cold injury has occurred almost every year
in Korea.

The objective of the study was to get the basic information in relation to the cold injury and to detect
the method minimizing the damage of cold injury.

When the air temperature was the ranges of -13°C to -15°C, the soil temperature at the crown part of
the plant was very stable, whereas in the ranges of -2°C to -3C the soil surface temperature was more
unstable and cold than air and subterranean temperatures.

The different parts of the plant in wheat and barley possess the different levels of cold hardiness. In
comparison to the cold hardiness of plant parts, the leaf and crown are the less sensitive to cold injury
than root and vascular transitional zone.

The type and extent of stress is determined by the redistribution pattern of water during freezing.
These types from freezing processes were three types. a) Equilibrium freezing pattern b) Non
-equilibrium freezing pattern, ¢) Non-equilibrium freezing pattern typical of tender tissues,

Cold hardiness in wheat plants were more harder than barley plants at vegitative stage, but inverted at
the reproductive stage.

Injuries by low temperature during the seasons of barley cultivation in Korea were occured mainly in
four stage ; in the first and third stage, frost injury occurs, the second stage, freezing injury, and the

fourth stage, chilling injury.

]

o
[ T
B
3 hl
o
31_',
kI
30,
H
ki
r—‘l)i-“
o
R
5
L)
2
kY
rr
=il
»®

BEFR e dE 7gelx Yok v ©
BE< fefpe] HEMS] Sl BEEES IR 4 YA 3l K80 FoRsZl o T, #F

e BRo24 2T fphe —F HEA EE FEo BREC BRMESE FRHA Skite =

At EHE & 5 o, = &R S £F o Brlx BEo BEMe D #ES stz gAR

3 BH g @il Uk o) F FEEY = ERAES Bl - B804 E8MI = A9 18

o el A 2T =v mET deud e 2% W] o Pl MR o) B

A Ha, 2 BE A oo H7EskAl "ok e Tobd WHEEMS 23 vt & F e A
B A2EmaA S8 el el EEEE o]t}

* EAAWZCET (Wheat and Barley Research Institute, RDA, Suwon 440-440, Korea)

_96_



Table 1. Estimation of yield reduction per year due to cold damages on wheat and barley.

Damaged Reduction Decreased Toal yield Reduction
Items acreage rate of yield reduction rate
(ha) yield (%) (kg/ha) (ton) (%)
Cold damaged 133, 352 15 404 53, 874 5.9
Total damages 486, 222 - - 196, 762 27.4

* Total damages include cold damage, wet-soil damage, lodging, drought and disease.
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Table 2. Effect of frost on winter killing rate of
young ear of barley (Oat et.).

Treatment Treatment Winter killing rate of young ear
temperature (‘C) hour Frosty = Non-frosty
2.5 50.0 20.0
-6 5.0 56.3 41.7
7.5 92.3 78.6
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Table 3. Changes in sterility according to the low temperatures treatment of flowing stage in wheat and

barley (Oat et.).

Treatment Treatment Barley Wheat
g el -
temperature %our Cumulative Rate of Cumulative Rate of
(c) temp. +2°C below sterility (%) temp. +2C below sterility (%)
—4 10 60.0 65 60.0 62
5 31.0 61 31.0 50
-2 10 38.0 67 40.0 36
5 19.0 60 20.0 42
+2 10 2.7 25 2.6 45
Non-treatment 0 0 0 0
Barley (Olbori) Wheat (Grumil)
—_ . Spikelet
32 60 Spikelet differentiating
~ differentiating stage
2 stage
tE
It Reduction
&» A
division
_-* Reduction stage
201 Division stage
1 1 - 1 —1 —L 1 i -
-1 -3 -5 -7 -1 -3 -5 -7

Temperature (°C)

Changes in sterility due to the temperature of wheat and barley (WBRI, 1981).
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Table 4. Relationship between heading date and
fertility in wheat and barley (Kim et,

1985) .
. Heading Fertility
Variety date (%)
Suwon #210 Apr.30 76.7**
May 6 94.2
Wheat Olmil Apr.30 67.2%*
May 4 93.6
Chokwang May 5 68.6**
May 8 99.2
Olbori Apr.24 91.3%
May 2 95.0
Barley Dong #1 Apr.26 86.1%
May 3 91.3
Bunong Apr .26 95,1
May 2 95.0
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Table 5. Critical temperatures of winter killing at the different stages of spike development on wheat and

barley (WBRI, 1982).

Critical
Growing stage Degree of Date Young temperature Remark
ear ear of winter
development length killing
mm T
Leaf primordia developing -1 30 days after _ _
and spike differentiation seeding
Early hull formation m-1v parly and - 17(-20)
Late hull formation \s 3.1 0.5-0.7 -17(-21)
Early spikelet formation VI 3.6 0.7-0.9 -12
Middle of spikelet vil 3.16 0.9-1.0 -1
Treat, time 5-Thrs,
Late spikelet formation Vi 3.26 1.8-1.7 -4~-6 stem length over
5cm
3.30(40 days Treat. time 3-4
Early flower formation X before 1.7-1.8 -3~-5 hrs. stem length
heading over 5cm
Late flower formation X 4.10(30 days 2.5-2.8 -2~-4

before heading

() : Wheat killing temperature.
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Fig. 10. Relative content of liquid water along

the cell wall (Mr) at equilibrium with
ice in hardened “Hudson” barley leaves
and roots as a function of temperature
(Olien, C. R. 1977).
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Table 6. Freezing processes in 2 regions of “Hudson” barley plants adjusted to 3 moisture content{Olien,

1964) .
Moisture Young leaves and Roots near crown and
content apical meristem vascular transitional zone Killing
(g.water tem-
My semed e e Twe T e
Lary process jury process ury
tissue) at at at at
3.5 -1C N* - 4C -1C N -4C - 4T
2.5 -2C E** -18°C -2C N - 4T -15C
1.5 -4C E -18°C -4C E ~18C ~18°C

*N : More than 50% of the change in the relative content of liquid between protoplasts involves non

-equilibrium processes

**E : More than 90% of the change in the relative content of liquid between protoplasts involves

equilibrium processes.
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Table 7. Freezing processes in critical regions of
barley plants at different moisture
contents (Olien, 1964) .

Moisture Region of the crown containing the -
content -

(g. water Apical Axillary Vascular
per g. of meristem meristem transitional

dry tissue) zone

3.2 to 3.7 N N N

2.6 to 3.2 E N N

1.9 to 2.6 E E N

1.2t0 1.9 E E E

Note : N, E refer to Table 6
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Fig. 11. Survival of isolated winter rye mesophyll
cells to extracellular freezing. © ; cold
hardened cells, ® ; nonhardened cells
(Singh and Miller, 1982) .
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Fig. 12, Percentage of winter survival of the
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1981) .
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Fig. 13. Changes in crown tissue water content

during cold acclimation of wheat
cultivars (Gusta et. 1979).
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Response of hardened
“Hudson” barley to freezing stresses,
(Olien, 1981). Gg ;tender tissue, G,
hardened tissue at low moisture content
60%, Gy ; hardened tissue at high
moisture content 809% .
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Table 8. Winter killing temperature of barley
cultivars(WBRI, 1981).

KANGBORI OLBORI Dong #1
Treatment - -

temperature Optin.num La'te Optm.lum Lat.e Optm}um
sowing sowing sowing sowing sowing

T % % % % %

-11 0 0 0 0 0

-13 0 0 0 8 0

-15 0 0 0 16 0

-17 0 0 0 27 0

-19 100 100 100 100 100

Treatment time : 1 hr,
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Table 9. Grain yield of winter hardy variety at different locations in barley (WBRI, 1977) .

Grain yield (Kg/10a)

Items Varieties Nothern part Southern part
Yeonchon Andong Mean Milyang Jinju Mean
Winter Bunong 136 41 89 320 375 348
hardy Dongbori 1 203 54 129 238 355 297
Mean 170 48 109 279 365 322
Non-winter Olbori 0 0 0 241 381 311
hardy Gangbori 0 0 0 258 371 315
Mean 0 0 0 250 376 313

Table 10, Rate of killed tiller due to cold damage by the different fertilization levels(WBRI, 1981).

Items Control Non-nitrogen Non-Phosphate Non- potassium
Barley 20% 29 35 33
Wheat 6% 15 3 22

Control ; Plot applied nitrogen, phosphate and potassium

= B%E 2~3ME/ guslo FRI/ES BERele Table 11. Effect of covered materials for winter-
W5 Afislch olmcl HEHIS wEAY  Felz ing barley yield(WBRI, 1981).
o @i giEo] FaMAA BEE W] A ol n -
moun . .
AYAL BERES GOEA HEE BEAL  lem of coverea Crain  Yield
4 grol, % 10614 2t sle} Fo| 3 HEE material ¥ -
] N _ ~ (kg/10a)  (kg/l02) (%)
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