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Spring Freezing Injuries and Their Effects on Yield of Barley (Hordeum vulgare L.)
and Wheat (Triticum aestivum L.)

Bon—Cheol Koo*T, Moon-Woong Park*, Ki=Jun Kim**, and Jong—Guk An**

*National Institute of Crop Science, RDA, Suwon 441-857, Korea
**Department of Agronomy, KonKuk University, Seoul 143-701, Korea

ABSTRACT To understand the spring freezing injury
symptoms during sensitive growth stage and yield loss of
barley and wheat, field tests were done by using vinyl
mulching and natural cold weather.

The growth stage sensitive were booting, spikelet dif-
ferentiation and flower organ development stages for both
crops. However, barley and wheat differed in their growth
responses, in that barley was less affected than wheat. For
instance, barley recorded 28 percent dead ears, 10 percent
dead plants and 18 percent ear degenerations while wheat
recorded higher values of 59 percent, 44 percent and 44
percent, respectively. Although there were no recorded
froze-resistant varieties in both barley and wheat, some
showed tolerance as their yields were not affected by
freezing stress. The ‘Chalbori’ cultivars of barley and
‘Geurumil’ and ‘Chokwang’ cultivars of wheat recorded
steady yields.

The yield components of barley and wheat that were
greatly affected by freezing stress were the number of
spike per square and the number of grain per spike. The
major cause of yield loss in Suwon 259 and Kangbori was
the number of spike per square but not the number of grain
per spike. The study showed, however, that both the
number of spike per square and the number of grain per
spike were vulnerable to freezing and that which contribute
much to yield loss of barley and wheat.

Keywords : barley, wheat, freezing stress, growth stage,
booting stage, yield

TCorresponding author: (Phone) +82-31-290-6697
(E-mail) koobc@rda.go.kr  <Received October 10, 2006>

17

Aol Zoe me), wel WEHL ol Hof sl 2o] 4

3170 HE 45 AEAZE AskEEA A4l 2

gomrgro] 48] o) 2ol oju) A Lo H3iA 5
Xo

| Aai7h 2y, DARHAL H3) B 5

Yot fpiabt H
Ee{uhA] oL ] HANE
gl =o} mat & =8y ob=th

usier ARAAY W

Paulsen 5(1995)2 AAAAL7] 2] L0 ol5f 4=3Fo] 60%
THA & Fashal
Hustged 1 ¥
I8 EY,
A =] wjgtojtal skt

7 S(1985a, 1985b)-& A|ASA] W], Wo| ks
7} 14~17%0) k3 ahch ANH(1963)% A B)E-0)
30%" wriAE e Fart Aeksti 100% HAFE T
31 Baskgion 1 oj4e] vzt WAYEHH F45
Aagita aigick gy A, Ay Aes
FHTE DAY HjEo TE ] Eo]

H]go] 50% 3 Eololm AePols A
AYFo A 12% AE 7Aaghha
1972), Paulsen S-(1995)2 o]
7ol BACTEE) T W FE) 7 Ty

A Aa L (feasiEH ), +A71(FEH), 571



18 GHEIX|{KOREAN J. CROP SCL.), 52{1), 2007

LA §- SADEHD), 20, W 5o
< 07t 2 g2 g Astgo £497], 5719
817 A gicka skl
Chen S5(1983)1} Olien 5(1964)2 Ao tist 9=
7v B, "ol Zlgolut AR wheh Ztolzt Ut glofut
AtE g 2o H|d e} Vascular transitional zonef)
A ZU/do] FFck Histch AT AEA R E
AR wef 2pol7t Qlol(d &, 1983) A& U2 FAh &
A0 HAlo| A YFAo] Ati(Crescini & Tettamanzi
1929)1 3tFth, Suneson & Peltler(1934), Livingston &
Swinbank(1950), Grafius S(1981)2 41 &A| AScHA o o
2 Aeqy Folo] dhaf iEe vt ok
BAYE U5 ¥ 2A7I9 Ao e 4 9 4

(¢]

rr

2

A B3] $ TSk HoEAE g4 cgHow
MYAT AL Sl olo] iRt A FAHE BAsR
e 9 o] mE A% AES W UE 243 8%

TEE E«&‘iﬂ 98~ -
ANPAED EFo2 B, We 712 98l 65%F, 994
o 48FE OI%— }@‘EP %JXI‘* ‘ﬂi% ﬁJrﬁ“—X-'Vl"‘ 10% =

i

SHic). AlEFE A
A&,
sgEdoz Aegsel YAE TP HsAS
317199 B MRS AES) Boke], 4Ll
Aok ot gl ALel A% WS A1
Ae) 8L 2] 129 F4o HIA0R NPT 23
AEE vjdE 1E(E 1.8 m, 1;5—0] '98 1.2 m, '99 0.8 m)3}
of ol5a| B 297k ATAATE vduNBE S Hel
39 1004 B AXY YE FOE B Hnsl20] 9
B1eRT g Gol Y 15C o)y o k1 Yol 9
7\oh £} Hlgdte] Hld) FBTE SeiE o 48
of The AsEAe] BATAL ghetom viduBaA
£ o= AEAEC 48] Bt Yt g2 28 F

2-QAE-ZE] 12-9-7 kg/10a(dE-F)

ok

ﬂH .

o= Yot Ao ASUAL 5T 4 AT A8
& B3 ASRAIA 719 F Al As o) s 98
g 2, 999 Al o] A HEL AAS YT ¥

AAE o ASEAE Fras
01] oA, AAstH

'98139] A 1R v AAT W Hels FuE7t
A5E3Pd7], Hdm ErE GehEekd AL, 24 g 4
2 Yokt *71 di}ﬁi}fﬂﬂ"ﬂ HFEHAKHE 1). B2 1
SR8~ G o
27 e &4ES —“?71, L] ~ GRS At
(& 2).

990l 12 uf 2e, W wF JehEsv|2 Aad

A7t LHFATHE 3, 4). 22 = wE FFo] VS

ZA)R(E 5, 1983)

Air temperature

....... Vinyl mulching

35
&t .
e "
=
o
O
o]
&
@
foe
._5_
6 12 18 24

14 Feb. 15 Feb.

6121824 6121824 6121824 61218 24
16 Feb.

17 Feb. 18 Feb.

Date

Fig. 1. Changes of temperature in vinyl mulching and air temperature.
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Table 1. Differences of growth stage and spike length between vinyl mulching and control groups by the date removed vinyl

mulching in barley (1998).

Date for vinyl removing

Cultivars Treatment Character
14 Feb. 10 Mar.
Growth stage’ SDS 1 SDS 11
Mulching
Spike length 0.21 cm 0.43 cm
Olbori
Growth stage SES 1T SDS 1
Control
Spike length 0.10 cm 0.21 cm
Growth stage SDS 1 SDS 11
Mulching
Spike length 0.15 cm 036 cm
Chalbori
Growth stage SES I SDS 1
Control
Spike length 0.09 cm 0.18 cm
Growth stage SDS 1 SDS 11
Mulching
) Spike length 0.19 cm 0.37 cm
Saeolbori
Growth stage SES HI SES I
Control
Spike length 0.11 em 0.15 cm
Growth stage SDS 1 SDS 1
Mulching
. Spike length 0.19 cm 0.21 cm
Kangbori
Growth stage SES I SFS III
Control
Spike length 0.11 cm 0.13 cm
Growth stage SDS I SDS 1
Mulching
Spike length 0.20 cm 0.19 cm
Suwon 259
Growth stage SES 1 SES III
Control
Spike length 0.08 0.12 cm
Growth stage SDS 1 SDS 11
Mulching
) Spike length 0.18 cm 0.25 cm
Tapgolbori
Growth stage SES 11 SFS I
Control
Spike length 0.09 cm 0.08

'Growth stage - SFS : Spike foundation stage, SDS : Spikelet differentiation stage, DSF : Development stage of flower organ,

BS : Booting stage
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Table 2. Differences of growth stage and spike length between vinyl mulching and control groups by the date removed vinyl
mulching in wheat (1998).

Date for vinyl removing

Cultivar Treatment Character
14 Feb. 10 Mar.
Growth stageT SDS 1 SDS 1
Mulching
Spike length 0.18 cm 0.24 cm
Urimil
Growth stage SFS 1 SFS III
Control
Spike length 0.08 cm 0.12 cm
Growth stage SFS I SES 1T
Mulching
Spike length 0.11 cm 0.15 cm
Eunpamil
Growth stage BFS SFS 1II
Control
Spike length 0.06 cm 0.10 cm
Growth stage SFS 1T SFS 11X
Mulching
Spike length 0.12 cm 0.14 cm
Geurumil
Growth stage SFS 1 SFS 1I
Control
Spike length 0.07 cm 0.08 cm
Growth stage SFS II SFS 1II
Mulching
Spike length 0.09 cm 0.13 cm
Chokwang
Growth stage BFS SFS I
Control
Spike length 0.04 cm 0.07 cm
Growth stage SDS 1 SDS 11
Mulching
) Spike length 0.18 cm 0.26 cm
Keumkangmil
Growth stage BFS SFS II
Control
Spike length 0.05 cm 0.09 cm
Growth stage SFS 1III SDS I
Mulching
Spike length 0.12 cm 0.19 cm
Olmil
Growth stage BFS SFS 111
Control
Spike length 0.05 cm 0.12 cm

'Growth stage - BFS : Bract foundation stage, SFS : Spike foundation stage, SDS : Spikelet differentiation stage,
DSF : Development stage of flower organ, BS : Booting stage
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Table 3. Differences of growth stage and spike length between mulching and control groups by the date removed vinyl mulching
in barley (1999).

Date for vinyl removing

Cultivar Treatment Character
2 Mar. 10 Mar. 7 Apr.
Mulching Srf);Nthl staieT OS;S I 082118 I gea(;
Olbori pike lengt . cm . cm cal
Growth stage SFS 11 SDS I DSF 1
Control )
Spike length 0.14 cm 0.18 cm 0.66 cm
Mulching Sr?:t}; staie Osles I OS‘]‘)SS 11 geaj
Chalbori pike lengt] 21 cm 4> cm ca
Growth stage SFS I SFS I SDS 1T
Control )
Spike length 0.13 cm 0.15 cm 0.8 cm
Mulching Grf)wth stage SDS 1 DSF 1 Dead
. Spike length 0.24 cm 0.52 cm Dead
Kangbori
Growth stage SDS 1 SDS 1 DSF 1
Control )
Spike length 0.17 em 0.23 cm 1.1~14 cm
Growth st SDS I SDS 1 Dead
Mulching sr'okw I Saie 0.19 0.27 Dead
Suwon 259 pike lengt 19 cm 27 cm ca
Growth stage SFS I SFS I SDS I
Control .
Spike length 0.12 0.16 cm 0.4~0.5 cm

'Growth stage - SFS : Spike foundation stage, SDS : Spikelet differentiation stage, DSF : Development stage of flower organ,
BS : Booting stage

Table 4. Differences of growth stage and Spike length between mulching and control groups by to the date removed vinyl
mulching in wheat (1999).

Date for vinyl removing

Cultivar Treatment Character
14 Feb. 10 Mar. 7 Apr.
. Growth statgeT SDS 1 SDS 1 Dead
Mulching )
.. Spike length 0.19 cm 0.24 cm Dead
Urimil
Growth stage SFS 11 SFS 111 DSF 1
Control )
Spike length 0.09 cm 0.12 ecm 0.5 cm
. Growth stage SDS 1 SDS 1I Dead
Mulching . &
. Spike length 0.16 cm 0.26 cm Dead
Eunpamil
Growth stage BFS SFS III DSF 1
Control .
Spike length 0.06 cm 0.11 cm 0.50 cm
) Growth stage SDS 1 SDS 1 Dead
Mulching Spike length 0.16 021 Dead
ike len .16 cm 21 cm ca
Chokwang P &
Growth stage SFS 11 SES 11 SDS 11
Control )
Spike length 0.09 cm 0.10 cm 0.38 cm
. Growth stage SDS 1 SDS 11 Dead
Mulching )
. Spike length 0.19 ecm 0.52 cm Dead
Keumkangmil
Growth stage SFS 11 SFS II SDS 1I
Control .
Spike length 0.08 cm 0.10 cm 0.5~1.5 c¢cm

'Growth stage - BFS : Bract foundation stage, SFS : Spike foundation stage, SDS : Spikelet differentiation stage,
DSF : Development stage of flower organ, BS : Booting stage
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Fig. 2. The comparison of average, minimum temperature and diurnal changes of temperature between in vinyl mulching and

non vinyl mulching plot.

Table 5. Degree of cold injury according to the growth stages on field experiment

Growth stageT

Cold injury
SFS 1I SFS 11 SDS 1 SDS I DSF 1 DSF 11 BS

Barley

Dead - - 7.7(£10.2) 17.5(x1.8) 11.1(£9.5) 275 27.9
Degene-ration - - 15.3(£22.3) 9.6(+6.9) 9.4(+0.1) 7.4 9.5(+2.8)

Wheat

Dead 19.9(x19.9)  29.6(+19.9) 29.8(x13.1)  41.8(x17.1) 60.1 31.8 58.7(+4.0)
Degene-ration 4.6(x£1.7) 29.3(£22.2) 11.4(£8.1) 24.9(+£27.9) 40.6 452 60.6(+19.1)

() - Standard deviation of characters

'Growth stage - SFS : Spike foundation stage, SDS : Spikelet differentiation stage, DSF : Developing stage of flower organ,

BS : Booting stage
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Table 6. Yicld differences of cultivars caused by cold injuries after removing of vinyl mulching in 1998.

Yield (kg/10a)

Cultivar Date removed vinyl mulching
Control

26 Feb. - 10 Mar. 6 Apr. Average

Barley
Olbori 626(100) 600(95.8) 633(100) 345(55.1) 526(84.0)
Chalbori 676(100) 416(61.5) 778(100) 532(78.7) 575(85.1)
Saeolbori 511(100) 340(66.5) 322(63.0) 142(27.8) 268(52.4)
Kangbori 614(100) 545(88.8) 299(48.7) 270(44.0) 371(60.4)
Suwon 259 748(100) 768(100) 650(86.9) 418(55.9) 612(81.8)
Tapgolbori 730(100) 489(67.0) 369(50.5) 800(100) 553(75.8)
Mean 651(100) 526(80.8) 509(78.2) 418(64.2) 484(74.3)

Wheat
Urimil 570(100) 488(85.6) 311(54.6) 413(72.5) 404(70.9)
Eunpamil 594(100) 529(89.1) 382(64.3) 126(21.2) 346(58.2)
Geurumil 556(100) 591(100) 305(54.9) 401(72.1) 432(77.7)
Chokwang 521(100) 427(82.0) 329(63.1) 692(100) 483(92.7)
Keumkangmil 403(100) 339(84.1) 203(50.4) 285(70.7) 276(68.5)
Olmil 467(100) 398(85.2) 206{44.1) 473(100) 359(76.9)
Mean 519(100) 462(89.0) 289(55.7) 398(76.7) 383(73.8)

() : Ratio for yield of treated plots to the yield of control
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Table 7. Yield differences among cultivars caused by cold injuries after removing of vinyl mulching in 1999.
Yield (kg/10a)
Cultivar Date removed vinyl mulching
Control
26 Feb. 10 Mar. 7 Apr. Average
Barley
Olbori 895(100) 749(83.7) 717(80.1) 613(68.5) 693(77.4)
Chalbori 804(100) 747(92.9) 831(103) 574(71.4) 717(89.3)
Kangbori 778(100) 743(95.5) 700(90.0) 501(64.4) 648(60.9)
Suwon 259 764(100) 924(121) 813(106) 664(86.9) 800(104.6)
Mean 810(100) 797(97.6) 765(94.5) 588(72.6) 715(88.2)
Wheat
Urimil 994(100) 465(46.8) 509(51.2) 222(22.3) 399(40.1)
Eunpamil 821(100) 275(33.5) 425(51.8) 100(12.2) 267(32.5)
Chokwang 803(100) 684(85.2) 320(39.9) 69(8.6) 358(44.6)
Keumkangmil 704(100) 496(70.4) 423(60.0) 100(14.2) 340(48.2)
Mean 831(100) 480(57.8) 419(50.5) 123(14.8) 341(41.0)

() : Yield ratio in treatment plots, compared with yield of control
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Table 8. Differences of yield and yield components among cultivars, times to removing vinyl mulching treatments in barley

(1999).
Cultivar Date removed Treatment Length of 1st intermode No. of No. of Yield 1000 grain
vinyl mulching main culm length spike grain weight
A B C (cm) (cm) (No./m’) (kg/10a) ()
3 Mar. Mulching 85 33.8 391 25 749 28.0
Control 98 41.5 296 43 774 31.2
Olbori 10 Mar. Mulching 90 383 417 30 717 23.7
Control 106 41.8 394 40 987 31.1
7 Apr. Mulching 74 332 365 29 613 26.6
Control 105 427 355 38 925 30.5
3 Mar. Mulching 85 34.7 391 41 747 23.8
Control 104 39.8 427 48 775 30.5
Chalbori 10 Mar. Mulching 86 32.1 439 37 831 234
Control 105 393 441 47 832 234
7 Apr. Mulching 68 323 313 37 574 23.7
Control 104 39.6 434 47 804 27.0
3 Mar. Mulching 84 31.8 291 30 743 26.5
Control 91 357 285 44 690 28.2
Kangbori 10 Mar. Mulching 78 31.3 300 29 700 27.2
Control 103 38.0 365 46 820 27.3
7 Apr. Mulching 60 29.1 v240 35 501 30.9
Control 92 36.0 331 50 823 28.9
3 Mar. Mulching 84 282 343 32 924 26.0
Control 100 382 326 51 844 26.6
Suwon Mulching 94 34.5 336 38 813 23.7
10 Mar.
259 Control 104 393 331 55 775 24.6
7 Apr. Mulching 82 34.5 308 32 664 244
Control 100 37.7 322 50 674 24.0
L SD.05 A 4.8%* 2.5%% 92.2%* 3.2%%* 107.1%* 1.8*
B 2.1 1.1* 46.2%* ns 42.0%* 0.8%*
C 1.8 1.0%* 43.6%* 1.7%* 67.5%% 0.7%*
AxB 5.9 31 ns 4.5 ns 2.2
AxC 5.9 3.1 126.8 4.6 1723~ 23
BxC 3.0 1.6 130.6 2.8 92.7 ns
AxBxC ns ns ns

*Control : Plots which were cultivated without vinyl mulching
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Table 9. Differences of yield and yield components among cultivars, times to removing vinyl mulching treatments in wheat

(1999)
Cultivar Date removed  Treatment Length of Ist internode  No. of No. of Yield 1000 grain
vinyl mulching main culm length spike grain weight
A B C (cm) (cm) (No./m%) (kg/10a) (g)
Mulching 65 29.5 296 25 465 28.8
3 Mar.
Control 87 28.2 409 38 1181 34.3
L. Mulching 66 29.4 251 28 509 283
Urimil 10 Mar. ‘
Control 84 28.8 412 33 911 334
7 A Mulching 59 22.7 189 20 222 24.6
r.
P Control 79 275 277 49 891 33.7
Mulching 57 343 265 21 275 237
3 Mar.
Control 70 32.8 373 29 747 23.6
) Mulching 57 28.9 262 18 425 31.4
Eunpamil 10 Mar.
Control 74 32.8 402 38 894 31.0
Mulching 49 25.7 171 13 100 20.1
7 Apr. :
Control 72 3238 388 21 821 27.3
Mulching 77 30.2 278 24 684 37.7
3 Mar.
Control 93 323 321 37 819 40.1
Mulching 67 273 209 21 320 38.2
Chokwang 10 Mar. e
Control 90 29.3 334 31 794 40.5
Mulching 56 25.5 108 10 69 24.0
7 Apr.
Control 91 31.0 271 44 796 352
Mulching 69 31.5 273 23 496 35.0
3 Mar.
Control 87 348 339 28 713 39.8
. Mulching 65 304 254 17 423 32.9
Keumkangmil 10 Mar. ‘
Control 85 355 413 28 742 304
Mulching 53 26.1 151 16 100 27.9
7 Apr.
Control 88 - 35.8 392 29 659 304
LSD.05 A 4 8% 2.5%* 92.2%%* 3.2%* 107.1** 1.8%
B 2.1 1.1* 46.2%* ns o 42.0%* 0.8%*
C 1.8 1.0%* 43.6%* 1.7%% 67.5%* 0.7%%
AxB 59 3.1 ns 4.5 ns 22
AxC 5.9 3.1 126.8 4.6 1723 23
BxC 3.0 1.6 130.6 2.8 92.7 ns
AxBxC ns ns ns

*Control : Plots which were cultivated without vinyl mulching
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Table 10. Differences of yield between vinyl mulching and control plot.

Year

Yield (kg/10a)

Percentage of treatment

Crops

Normal Vinyl mulching to the control (%)
'98 651 484 74.3
Barley 99 810 715 88.3
Mean 731 600 81.3
'98 519 383 73.8
Wheat '99 831 341 41.0
Mean 675 362 574

Table 11. Correlation between yield and yield components in barley and wheat cultivars.

Removing date of

Correlation with yield

Vinyl mulching Cultivar No. of spike No. of grain Grain weight
Barley
Olbori 0.3506 0.4937 0.1689
Chalbori 0.4684 -0.3953 02528
Kangbori 0.6770 0.3336 0.0831
Suwon 259 0.8719* -0.0568 0.9548**
2 Mar.
Wheat
Urimil 0.9545** 0.8762%* 0.7244
Eunpamil 0.5649 0.6798 0.0107
Chokwang 0.5003 0.5805 0.4365
Keumkangmil 0.8793** 0.6496 0.6434
Barley
Olbori -0.5002 0.8940%* 0.9830**
Chalbori 0.7290 -0.1501 0.5863
Kangbori 0.7826* 0.4416 0.6457
10 Mar. Suwon 259 0.9348%* 0.2498 0.9517**
Wheat
Urimil 0.8580* 0.6763 0.9741%*
Eunpamil 0.8836%* 0.9094** -0.4612
Chokwang 0.9822%* 0.9533** 0.6131
Keumkangmil 0.8933** 0.3527 0.1312
Barley
Olbori 0.5981 0.1545 0.4861
Chalbori 0.7410 0.6945 0.9175%%*
Kangbori 0.9501** 0.7331 -0.3964
7 Apr. Suwon 259 0.9313** 0.1103 0.0548
Wheat
Urimil 0.7975* 0.9533%* 0.9357%*
Eunpamil 0.8899** 0.9919** 0.9609**
Chokwang 0.9716%* 0.8327* 0.9304**
Keumkangmil 0.9357** 0.8621* 0.8744%*
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