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ABSTRACT : Although the young spike of barley (Hor-
deum vulgare L.) or wheat (Triticum aestivum L.) is known
as the most susceptible part to spring cold injury, the risk
of cold injury is apt to be ignored in most breeding pro-
gram due to the importance of early maturity. Based on
these aspects, the types and inducing time, temperature
conditions for induction and effects of cold injury on
growth and yield in this study were investigated under
greenhouse and field conditions through three years
(1997~1999). In natural condition, low temperature
around -2.4 ~ -10.2°C caused the death of plant. Several
cold injury types such as partial degeneration of spike,
partial discoloration of leaf, spike and awn, discoloration
of culm and white spike were observed at low temperature
around -3.1°C. Low temperature around -2.4 ~ -8.6°C and
1.3~7.6°C caused degeneration and sterility of spike,
respectively. Most materials were prepared to the spikelet
foundation stage, spikelet differentiation stage, develop-
ment stage of flower organ, booting stage and heading
stage, which were known having risk for cold injury in
field condition. Although most of the controlled stages
were sensitive to the induced low temperature, booting
stage was the most sensitive stage for cold injury. All of
growth stages which were treated-heading stage, booting
stage, development stage of flower organ, spikelet differen-
tiation stage, spikelet foundation stage-were responded to
low temperature treatment but the symptoms revealed
were very specific according to the growth stages. Ears of
plant in heading stage were discolored to white. Ears of
plant in booting stage were degenerated in all or part of
one. Plants in spikelet differentiation stage were sterile in
all or part of one. When tried to detect the specific differ-
ences between normal and cold injured plants in appear-
ance, spike length, distance between spike and flag leaf
and the first internode length could be the critical points
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for occurrence of spike death caused by cold injury. In
barley, the elongation of spike was stopped on 3.2 cm after
occurrence of spike degeneration, 4.7 cm after occurrence
of partial degeneration of spike, 5.0 cm after occurrence of
white spike. In wheat, it was stopped on 1.6 cm after
occurrence of stem death, 3.3 cm after occurrence of spike
degeneration, 8.3 cm after occurrence of partial degenera-
tion of spike, 8.1 ¢cm after occurrence of white spike, 7.5
cm after partial discoloration of leaf and 9.3 cm after par-
tial discoloration of spike. The obtained results from low
temperature treatment induced in growth chamber were
similar to the field experiment, Beacuse the death of spikes
was more when low temperature was treated two times’
than one times, the temperature should be upgrade to -3°C
in order to get the same condition with field test.

Keywords : barley, wheat, cold injury, spike degeneration,
booting stage.
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Fig. 1. Spike developmental stage as judged by spike length in
barley and wheat cultivars at low temperature treatment.
SFS: Spike foundation stage, SDS: Spikelet differentiation
stage, DSF: Development stage of flower organ, BS:
Booting stage, HS: Heading stage, t0DAH: 10 days after
heading
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Table 1. Comparison of growth stages of barley and wheat before at temperature treatments in 1999.

Cultivars Young spike length Length of main culm  Distance between spike and Growth stage
(cm) (cm) flag leaf (cm)

Olbori 4.1 62.2 -15.6 Developing stage of flower organ
Kangbori 34 64.2 -14.8 Developing stage of flower organ
Eunpamil 8.9 40.1 0~-2.0 Booting stage

ol Me 12F Aejolla 2do] 25E5H7]~-87E87] (6% 12hours (day) —e—'%8
s o = 50 1 ‘97
ARor] 24 A 25RaE7]-5U7) (HAAL, ‘ P =

29 1&} MlolA AT ~ET7 (62 AN, 23F A
golli FshEsl7~-&247], 7% 10€01Ant. "99dell=
Lre], ZAHe], 23S F3A A @A CE )M 4047 A
2 AZst] IS AT & AN st R, 7
Heles sEs712 Supie FY7IHER Age] AEHE
2 24359 (Table 1).

2. A2A 2w

HZ 109 3€~4Y 25o] AR VIRABRRER o
#HZ 3~-5°C9] ¥ FHAVE BY AOE oiEE Lo
24 o2 AEAE Wwol A dplM FAEES S
97A} 98 dollE 4o R 3l 1A E0RY), 24417,
4877 522 A2 g stk AT 2XE@HANE &
AYe] miAH R AT wiXE STt 12417 FHEl=
22 094 (981 ~08A] yoll 24l AEAS WEol A2
of AslAl & & 2041983 ~204)ell 24 glo g olF(97.
1. 14, ’98. 1. 24W#H.eH, 12A]7} okzkx gl 21419843
~20Aell 24dute]] Uiigol 09A] (098 ~08A] el 24 ke Z o]
E319TH97. 1.14~15, 98, 1.24~25). 24X 7+ AEe A2
o 1410l 24l AEAE Ugot Aol AHstA ¢ & 2
g 1o 24 9te g o) FAIFH LM (97, 1.14~15, *98.

1.24~25) 48717 AEle A2gd 1470l 2] dlzol A
2o HalA & F o]l T 1440 &4 cto g olAIHTH
(97. 1.14~16, *98. 2. 2~4). *99:dollE 48A7F Aol 24
£ g AEE AAE

3. A 71E 2xws)

A7)0 23l A EFEL 7|2 (MP-110 Data
Logger, Ecolit)g |8, 1AZ 7H40=2 AF, A 3em, ¥
PFo= o] XE FHe| 2EWSEE FASAT 197~99
Qof| AARAE o]83 H2X2AES AAIS o] 2=
o) 73S Awem Fig 2, 33 2} 53] ogd 29 29
137914 29 49 13AI7HA] 2212 = sIASHE &
HEA AR} 6.8°CoIRL RAAE 0°C o)8kE WEH7k A
7ko] 16A]7Fe]ATE -3.0°C ©]3IQl Alzke] 9AIZE, -4.0°C ©]3}
]l AlZke] ax|ZtolRlom HA7|2o] 4.6°CE 2A7F A E
Ak EA4 ol 1687 B ekl wER e -3.0°C o]
3 10417F, -4.0°C °]8t 6A17F HAA7E -6.9°CE -6.0°C ©]
3= A B9t ASH A (Fig. 3).

0w
i

0.0 o—‘/e)e/

=50
-10.0 |

(&)

S

~ -150 *-

<4

3 12hours(night)
o]

5 50 r

a

& oo

2

-5.0 MQ_H
-10.0 %

Treated time (Hours)

-15.0 *

Fig. 2. Temperature changes during 12 hours low temperature
treatment for test materials in 1997 and 1998.
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Fig. 3. Temperature changes during 24, 48 hours low temperature
treatment for test materials in 1997~1999.
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Table 2. Differentiation of injury types induced by low temperature treatment for 48 hours in natural condition and the programing cold

treatment in chamber (barley).

Growth stage at treatment™*

Cultivar Injury types Treatment™®

SDS I SDS I DSF BS HS

Olbori Normal 48 hours 100 100 75 7
1 time 67 30 40 0
2 times 80 0 0 0
Partial Sterile 48 hours 0 0 10
1 time 8 32 0 0
2 times 7 49 0 0

White Spike 48 hours 7

Partial Degeneration 48 hours 70 33
1 time 0 0 0 0
2 times 0 7 0 0

Degeneration 48 hours 25 20 27
1 time 8 17 0 0
2 times 0 20 0 0

Dead 48 hours 7
1 time 17 22 60 100
2 times 13 24 100 100

White spike + Degeneration 48 hours 20
Kangbori ~ Normal 48 hours 26 26 8
| time 60 50 33 57

2 times 42 26 0 0 92

Partial Sterile 48 hours 74 74 73 65 30
1 time 0 0 17 17

2 times 0 24 0 0 0

White Spike 48 hours 10

Degeneration 48 hours 27 21 40
1 time 0 0 0 7

2 times 0 0 0 6 0
Partial Degeneration 48 hours 6
1 time 13 0 0 0

2 times 0 3 0 0 0

Dead 48 hours 0 20
I time 27 50 50 20

2 times 58 46 100 94 8

*Treatment - 48 hours: treated in natural condition which was around -3 ~ -10°C of cold temperature during 48 hours
1 times: a programing cold treatment in chamber: room temperature (20 min.) — 0°C (60 min.) — -5°C (300 min.) — 10 (60 min.)
2 times: two times treatment of a programing cold treatment in chamber
**Growth stage - SDS: Spikelet differentiation stage, DSF: Developing stage of flower organ, BS: Booting stage, HS: Heading stage
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Table 3. Differentiation of injury types induced by low temperature treatment for 48 hours in natural condition and the programing cold

treatment in chamber (wheat).

Growth stage**

Cultivar Injury types Treatment*
SDS1 SDS I DSF BS HS 10DAH
Eunpamil Normal 48 hours 100 93 100 47 29
1 time 0 0
2 times 0 0 0
Partial Sterile 48 hours 7 7. 13 6
1 time 26 33
2 times 76 10 100
Partial Degeneration of awn 48 hours 9 38
White Spike 48 hours 6 13 47
Partial Degeneration 48 hours 6
1 time 0 0
2 times 2 0 0
Degeneration 48 hours 23 13 6
1 time 2 0
2 times 5 0 0
Dead 48 hours
1 time 14 29
2 times 2 68 0
White spike - Degeneration 48 hours 3 25 12
Chokwang  Normal 48 hours 87 88 64 54 - -
Partial Sterile 48 hours 13 13 7 - -
White Spike 48 hours - -
Partial Degeneration 48 hours 13 36 36 - -
Degeneration 48 hours 4 - -
Dead 48 hours - -

*Treatment - 48 hours: treated in natural condition which was around -3 ~ -10°C of cold temperature during 48 hours
1 times: a programing cold treatment in chamber; room temperature (20 min.) = 0°C (60 min.) — -5°C (300 min.) — 10 (60 min.)
2 times: two times treatment of a programing cold treatment in chamber

**Growth stage - SDS: Spikelet differentiation stage, DSF: Developing stage of flower organ, BS: Booting stage, HS: Heading stage
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Fig. 4. Variation of injury types caused by low temperature
treatment among wheat and barley cultivars in 1999.
Growth stage of Olbori and Kangbori was the developing
stage of flower organ, one of Eunpamil was booting stage.
Eunpamil (C) is control. N: Normal, PS: Partial sterile,
DG: Degeneration of spike, PDG: Partial degeneration of
spike, SD: Stem discoloration.
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Table 4. Cold injuries according to the degree and duration of low temperature treatment by natural condition and growth chamber.

Temperature of treatment
Treatment P

Duration of treatment

Injuries caused by cold treatment

(°C)y* (hours)
24 hours ('99) -1.3(-15.9) 12 Sterile
12 hours-day ('97) -3.6(-22.6) 7 Sterile, Dead
Growth chamber 5 hours (1 time) -5.0(-26.0) 6 Sterile, Degeneration of spike Dead
Growth chamber 5 hours (2 time) -5.0(-52.0) 12 Sterile, Degeneration of spike Dead
48 hours-barley ('99) -2.4(-59.0) 25 Sterile, Degeneration of spike Dead
48 hours-wheat ('99) -2.7(-69.1) 26 Sterile, Degeneration of spike Dead
12 hours-night ('97) -7.6(-91.1) 12 Sterile, Dead
48 hours ('98) -3.1(-98.0) 32 White spike, Degeneration of spike, Dead
12 hours-day ('98) -8.6(-103.4) 12 Degeneration of spike, Dead
24 hours ('97) -4.6(-113.7) 19 Dead
12 hours-night ('98) -11.9(-142.1) 12 Dead
48 hours ('97) -4.9(-187.7) 39 Dead
24 hours ('98) -10.2(-245.5) 16 Dead

*Average temperature below 0°C during cold treatment
*#( ). Sum of temperature below 0°C during cold treatment
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Table 5. Duration of low temperature (hours) according to the
temperature degree during 48 hours treatment in

1997~1999.

Temperature Duration of low temperature (hours)
O 1997 1998 1999
0 39194200 32(16+16) 25(12+13)
-1 36(19+17) 27(14+13) 20( 9+11)
2 34(18+16) 23(12+11) 12( 2+10)
3 26(16+11) 18( 9+ 9) 10( 0+10)
-4 24(16+ 8) 10( 4+ 6) 6( 0+ 6)
-5 15(12+ 5) 3( 0+ 3) 1(0+ 1)

*(): Duration of low temperature of the first 24 hours and second
24 hours.

9\}]\3 g H-Oq TA}\E}_

W= 098 48AI7F AEARE BASIHEY AR, &
He] 25 E5719] A& ti7l) 2AEARIRE Hell 2lo
Me 2apdo] $Y7|-25F 1047 et wlgrt w4y
= ASEATE 27 AF 10°‘ ALY Rlog F=En)

SR 255 100 > 257) > U7) 2o FErt 4
shdch

FrEshe A QDA 25881~ Hel
oaud_ 238 A9l BF 5700 38-47%2 Ueht A
]? 7]'11' U‘Lol t]el’/‘gol')v\ O]O% oc]7] >§}'7]HLO
>gT;6r 102 > gshtsp] %omt} 23E 7971 > 3
H57) > FEREsh) woldnh
F FEEHske Bl SlojM £97] > &9 coR
*301 %3 kl 53] ﬂiaoﬂ*t Y7190 21%H+ ST
FEHs} oato] FY7Id LAYsto]

ii.ﬂo



WS FHS)| M2 7 259
FEE|sl= 54 7)0l ®o] @A) Barley
= L ES ] Dead
Al F2 ol wAsiE] 53] 2abela] Hol = Partial
degeneration

HAsted Z719] AEA A 38%E 7h Bk 7]
A= 9% HERtel SR o} W GAe Z4r)9) 2o
el Rew vepi)

ABA AR 97T} 298] AT (1Y 24~26% ollA G35}
W71~E7]9) JiAEe] B JARE Aeg veh} 29
Aol wat A Ag7ie] A4 SIS '98d 29 24
AlFolM E7]9 SRe|9 FEedA] aakge] 7HE =of
JANE 5710 7S Hol WAlshe ZoE Uehyith A&
a27] o8 A2A A PollM = SRE ZAMEO] FsHEskE
71 > 3PER7] > Gshest A7) eelient AdRele s
7] > gshisldr] £ & zolg Bk apde &4
7] > 7] o2 DA} WSAEIIT)

ol oAkl 3Pt MHERE Ao st o5 £9)7t
Eolslo] HAsle ddog Koy 4ld JElE Yeils Al
71E Paulsen 5(1995)2 7W&7), 4718t SIRL, &
(1985a)2 2871, FEHEs7I=, /N (1963)°] 718
2ol el 2 AldelMe 971, 971, sdsr) BF
oflA A2zt HAM &H QR (A22] H=e A&7 hak
H 2AAISAE, AHE, ARYLAR ) we} tE ks
< Holg ZoR AztE )

B Ao e B, 4 BRoA Y77 AdzAs) A
L&) g AAAHANA 71 FsivF SR A5
AR ol E547] > 37IS7] > JIHEsker] > skt
A7) =0]AT}. ©= Paulsen $(1995)0) LA &57), 7H
371 > s IRs7], 971, f=7] > B97) 08 BJlg A
3} 2polE BATH

'97~99 3d B XEAFOZ RI|2xE o]f
A2AAEES Tt AT TP B 8|
A7 B @A, o)Ak EA wias o]a) REEF o
Ab sl 27] 49 gl Az, A7 S, 27154 BY
5o FEoE e ATk 27 P Bl 2Ag A
7t frEsd el AR E 26%E ARSAUL olo] K
B3H21%) > W5 (18%) > 71 2AH14%) & ©lUTh 71,
TY7N, 57, GslEsbr1e] AEATE B Ao v
g eSS HYon Hel, I nRox 713 Heujsrt
B ASHAe $97] > 2577 > PIEE7] > gt
$71 > FeREstxy] & ol ST Al uleh W
@t 2571, FY7I9E o o2 TR LSl dAys vk
si7ikg 7|9 Hetslrlo] &¢ fe] Al duEeR
gl FF7E Ao vepd ddl TR T2 AR B

o]},

N oot

),

b oo

0

© O £ o

==

)-3]
=)

[
Zoi|x

Degeneration\

White spike
0 1 2 3 4 5 6 7
Wheat
Partial
bead > e degeneraton

<@ o @™  _aw / Whit spike
C ) Discoloration
SO of sote
a / Discoloration
e o
e . , Iy .

0 2 4 6 8 10 12
Spike length(cm)

Degeneration
of spike

Fig. 6. Variation of spike length of barley and wheat that showed
different injury simptoms by cold treated in natural
condition.
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