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Effect of Air Temperature on Early Growth and Leaf Characteristics of Naked
and Malting Barley
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Summary

Three naked (Nulssalbori, Saessalbori, Hyangcheongwa 1) and three malting barley
cultivars (Doosan 8, Sacheon 6, Jinkwangbori) were grown at constant temperatures
of 4 8 12, 16, 20, 24, and 28C through the fourth-leaf stage in growth chambers
to determice the effects of air temperature on growth and leaf characteristics of
naked and malting barley seedlings.

The results obtained are summarized as follows :

1. The greatest number of tiller per plant at fourth-leaf stage was 3.1 at from 16
to 20°C for Nussalbori and Hyangcheongwa 1 and about 4.5 at 8C for Saessalbori and
three malting barley cultivars.

9. The above-ground dry weight per plant at fourth-leaf stage was heaviest (about
1.5¢ for Nulssalbori and about 2.0g for Saessalbori and Hyangcheongwa 1) at from
16 to 24°C for three naked barley cultivars and was heaviest (abort 1. ¢ for Sacheon 6
and 1.9¢ for Doosan 8 and Jinkwangbori) at 16 and 20C for three malting barley
cultivars.

3. Blade length of the first four leaves was longest at about 24T regardless of
cultivars.

4. Blade width of the four leaves was greatest at from 16 to 24C regardless of

cultivars and was smaller for Saessalbori, Hyangcheongwa 1, three malting barley
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cultivars, and Nulssalbori in order.

5. Chlorophyll SPAD values of the first four leaves were greatest at 4C except of

the first leaf on Nulsslbori and Hyangcheongwa 1 which showed the highest values at

8 and 12C.
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Table 1. Mean square values for tillers per plant and above-ground dry weight of naked and

malting barley cultivars at 7 air temperatures.

Above-ground

Source of df Tillers/plant dry weight
variation (g plant)
Temperature (T) 6 27. 43%* 1. 98**
Block/temp. 14 0.37 0.04
Cultivar (C) 5 5.47** 0. 95**
T X C 30 0.41** 0. 08**
Pooled error 70 0.15 0.03

** Significant at 0.01 probability level.
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Table 2. The number of tillers per plant and above-ground dry weight of three naked (winter

six-rowed type) and three malting (spring two-rowed type) barley cultivars at fourth-

leaf stage as affected by air temperature.

Temperature (C)

Cultivar *

4 8 12 16 20 24 28

The number of tillers per plant
Nulssalbori 1.9 2.3 2.9 31 2.1 1.2 0.0
Saessalbori 3.2 4.6 3.6 3.1 2.8 2.3 0.3
Hyangcheongwa 1 2.2 2.6 3.1 2.7 2.2 0.9 0.0
Doosan 8 3.6 4.7 4.5 3.7 2.7 1.9 0.9
Sacheon 6 3.5 4.3 4.1 3.2 2.7 1.4 0.4
Jinkwangbori 3.3 4.3 4.1 3.3 2.3 2.1 0.4
Mean 3.0 3.8 3.7 3.2 2.5 1.6 0.3
LSD 0.05 0.7 0.9 NS 0.2 NS 0.3 NS
Above-ground dry weight (¢/palint)

Nulssalbori 0.6 0.6 1.0 1.4 1.6 1.4 0.9
Saessalbori 1.4 1.8 1.7 2.0 1.9 2.0 0.9
Hyangcheongwa 1 1.1 1.4 1.4 2.0 1.9 1.7 0.9
Doosan 8 1.1 1.4 1.5 1.9 1.8 1.3 0.9
Sacheon 6 1.0 1.2 1.2 1.5 1.6 1.2 1.0
Jinkwangbori 1.1 1.3 1.4 1.8 1.9 1.6 1.1
Mean 1.1 1.3 1.4 1.8 1.8 1.5 1.0
LSD 0.05 0.2 0.3 0.3 NS 0.3 0.2 NS

Nulssalbori, Saessalbori and Hyangcheongwa 1 are naked barley, and Doosan 8, Sacheon

6 and Jinkwangbori are malting barley.
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Table 3. Mean square values for some leaf characteristics of naked and malting

barley cultivars at 7 temperatures.

Source of . Leaf length (mm)

variation df Ist 2nd 3rd 4th

Temperature(T) 6  8802.0™"  42165.8™"  65654.3™"  73408.4™"

Block / temp. 14 62.2 104.2 207.9 484.4
Cultivar(C) 5 634.6"" 1820.8""  3228.2°" 5016.5""
T x C 30 37.9%" 410.8*" 992 2™" 1125.4°"
Pooled error 70 20.3 100.9 86.9 132.9
Source of . Leaf width (mm)

variation df Ist 2nd 3rd 4th
Temperature(T) 6 8.23™" 19.26™" 42.09"" 50.32°"
Block / temp. 14 0.1 0.12 0.16 0.13
Cultivar(C) 5 9.62"" 17.66™° 19.98™* 30.61%°
T x C 30 0.24" 0.38"" 0.35"" 1.04>%
Pooled error 70 0.1 0.13 0.15 0.15
Source of ) Leaf chlorophll (SPAD readings)
variation df Ist 2nd 3rd 4th
Temperature(T) 6 314.2"" 369. 64%*  246.13°°  104.27°"
Block / temp. 14 2.35 3.62 1.12 3.04
Cultivar(C) 5 20.73** 59.41°%" 47.95"" 57.54™"
T x C 30 16.94™" 10.7** 7.21*" 5.9
Pooled error 70 1.21 1.47 1.23 2.23

** Significant at 0.01 probability levels, respectively.

1) X&8 £ 24CA M2} 63 F BT AR 94

dHY FAFe F 4ol4 By wig} 7 off e} 7-19% F4 =t 71 #Hglel] w}

o 4 B ZE ojr e} 4T € F37 dAF delrl gdEzA deEys

B 24C7tal= 7120l F7xlel wia} gA% g, A2, 3 4ol gL 2SS s8rd

ol iME F7IEl= AL w1 24T T 4~12CoAM = & EFFuc e A

€ 20Ce} vl MRS Bglond 28CoA 3E oy 16Col Aol HFue] F
-9-



6 SHBRERR

FE3 vixslcd. Aduzel Mz 2%
9 Z% 4~16Col £ HF e 3EF5 v
<3l o 200 24Tl A& 71-&o] 7}
ol & FARY F7 AEs g E3
vl3led H9lg #ul ohel gAA AN
A}
2) XaW

Aoy FAZL F 54 B uiel
oo g g9 dAFo] FAIEFF 2F 4C
A4 16CE 71&e] Eet@4% Frlisidz
20Ce} 24Col A= 16Tl A9} vl sl ot
28Coll A& FAVZo] A AolaA] 8Tl A
9} wlssilch v A Aguest
g7 159 gAFe] g8
g Holl4 xol FAglo]l i HFR
2le] AEL 2xo HAglel FFL
Apol7} gigleny Mz WHFue IFFL
Aavalel A 1ERche gAlZo] H
Azt g Rohe HWelch

3) MEXE

dEAAZ AT 984 $A=(SPAD
readings) & ¥ 6ol 2 ule} ok 4
22 £39 A9+ 190A 2xge 4
2 X339 wtgo] gEA Jelged ¥4
B2)e] g84L+ 4, 8ColAl& SPADghel
9 eig oy &57} 24C2 F7Hgol ohet
SPADZE 3622 Z4A=E 7ggolgdn 28
CollA€ of ol #4sz] Wik AR
2ol oAl 4ColA 16CE 7| &o] F7}
Hol| gtat gE4¢ 398 A= AHgg
2w 20Ce]| Aol A& SPADZS 4092
visstgich A 159 AL 4C~16Co
Ae &4 SPAD: 4249ign 20C~28
Coll ]+ SPAD%-2 38uWl9gict wFue

_10_

o] SPADZ-E 7]&o] 4ColA 16CE %7}
ol w2t 48004 398 FAsIdm, 20Ce]
Aol A oha Zt4 =0 28ColA SPADZ-E
32 ZLHgded ZE 2xoA FF
sbol& figltt

2, 3golA= FAEF 57 16CHAA
t AAddoz a4zl 2004 £ 16C
ol A2} w3ttt 24, 28CollM e MY
159 MyguelE SPADZol F7Hg wbd
s4nee F4sgn HFyaE 16T
Aol d o]z} figlth

4gol £ 4CollA 12C2 7] L0) A4H
of e} FAEF 2FolA Aoz FF
a8tgon 12~20CAME B4 FAH
€ vlsstgden] 24T Me M3 139
Adugle AdHoz Frhslgdn w42
gle} }Eyge ofF vty FrHE 2
o 28CAlME FAH} 189} MgRE
24Cel ¥ o)zl glgledl EF70E Aol
7} ololstn R WYFRels 24C
st A9 Aolr} giYlony FFVE vz
a3t

5 %

2 Aol UM E SHRE: BEEEC
AEA ol Efge] dte i &
ek Aduelel WEue 3FFL SFEN
7} 8CollA1 4.5/ Wolg A ggtond &
Az 159 s4vels 774 12C9 16CH
A 3102 AP gkt EmES g
AAe 16~24Col A 71 FAYD YFu
2ol A= 16C9 20CalA 7 FASU
ole} & A= Helo| 3leiA Peterson



RAREOL 222 FER2Y MHEE ¥ EH0 OjXc RHE 7

Table 4. Leaf blade length (nm) of first four leaves in three naked {(winter six-rowed type) and

three malting (spring two-rowed type) barley cultivars as affected by air temperature,

Temperature (C)

Cultivar
4 8 12 16 20 24 28
First leaf
Nulssalbori 44 58 73 87 101 104 95
Saessalbori 60 73 76 90 107 118 108
Hyangcheongwa 1 56 65 78 97 114 119 107
Doosan 8 58 73 79 91 103 108 102
Sacheon 6 59 71 79 92 106 111 105
Jinkwangbori 61 73 84 101 122 122 119
Mean 56 69 78 93 109 114 106
LSD 0.05 9 5 7 6 12 9 7
Second leaf
Nulssalbori 60 77 113 161 200 227 172
Saessalbori 87 112 131 167 176 191 136
Hyangcheongwa 1 84 g7 118 163 189 199 160
Doosan 8 88 113 132 168 195 210 193
Sacheon 6 90 107 134 173 201 222 195
Jinkwangbori 90 109 136 178 205 227 200
Mean 83 103 127 168 194 213 176
LSD 0.05 12 8 10 11 NS 13 37
Third leaf
Nulssalbori 105 106 157 229 275 299 238
Saessalbori 115 141 166 211 222 235 163
Hyangcheongwal 114 139 164 227 241 256 184
Doosan 8 125 147 173 221 260 281 234
Sacheon 6 120 135 167 217 260 277 253
Jinkwangbori 117 144 169 225 262 301 267
Mean 116 135 166 222 253 275 223
LSD 0.05 8 11 10 NS 17 13 27
Fourth leaf
Nulssalbori 125 142 184 273 305 323 280
Saessalbori 139 167 208 257 259 260 192
Hyangcheonga 2 142 177 206 267 273 278 223
Dosan 8 150 175 216 275 300 324 267
Sacheon 6 144 174 210 271 296 323 297
Jinkwangbori 142 181 216 283 297 351 305
Mean 140 169 207 271 288 310 261
LSD 0.05 13 20 13 NS 13 21 25

.>:<
Nulssalbori, Saessalbori and Hyangcheongwa 1 are naked barley and Doosan 8 Sacheon

6and Jinkwanbori are malting barley.
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Table 5. Leaf width (mm) of first four leaves in three naked(winter six-rowed type)
and three malting (spring two-rowed type) barley cultivars as affected by air

temperature,
. o __ Temperature (°C) .
Cultivar™ 4 8 12 16 20 24 28
First leaf
Nulssalbori 4.2 5.1 6.1 6.4 5.7 6.2 5.3
Saessalbori 6.2 7.6 7.8 8.3 7.5 8.3 7.5
Hyangcheongwa 1 5.7 6.3 6.9 7.7 7.0 8.1 6.9
Doosan 8 5.9 7.1 7.1 7.9 6.7 6.9 6.0
Sacheon 6 5.3 6.1 6.6 7.1 6.4 6.8 5.8
Jinkwangbori 5.5 6.6 7.0 7.9 7.1 7.0 6.3
Mean 5.5 6.5 6.9 7.6 6.7 7.2 6.3
LSD 0.05 0.4 0.5 0.6 0.5 0.8 0.4 0.6
Second leaf
Nulssalbori 4.2 9.1 6.3 6.7 58 6.3 4.5
Saessalbori 6.0 7.9 8.5 8.7 8.9 9.0 7.4
Hyangcheongwa 1 5.4 6.6 7.4 8.7 8.1 8.8 6.7
Doosan 8 5.2 6.6 7.4 8.4 6.8 7.0 5.3
Sacheon 6 4.7 5.9 6.6 7.1 6.1 6.3 5.1
Jinkwangbori 4.5 5.9 7.0 7.9 7.1 7.3 5.5
Mean 5.0 6.3 7.2 7.9 7.1 7.5 5.8
LSD 0.05 0.3 0.3 0.7 0.6 1.0 0.7 0.7
Third leaf
Nulssalbori 5.3 6.1 7.7 8.7 9.1 8.9 6.2
Saessalbori 7.6 9.8 10.5 11.8 10.9 11.2 8.7
Hyangcheongwa 1 7.2 8.7 9.4 11.5 11.6 .10.9 8.3
Doosan 8 6.0 8.2 9.4 10.2 10.2 9.4 7.0
Sacheon 6 59 7.6 8.5 9.3 9.6 9.1 7.0
Jinkwangbori 5.5 7.9 9.1 10.0 9.8 9.3 7.4
Mean 6.3 8.1 3.1 103 10.2 9.8 7.4
LSD 0.05 0.3 0.7 0.7 0.6 0.7 0.7 1.0
Fourth leaf
Nulssalbori 6.0 6.6 8.5 9.6 10.0 11.2 8.1
Saessalbori 9.0 10.5 11.2 12.1 12.3 13.5 10.4
Hyangcheongwa 1 8.3 10,0 10.4 12.7 13.7 13.9 10.5
Doosan 8 6.6 8.9 10.6 11.5 10.7 10.7 7.7
Sacheon 6 6.2 7.9 9.2 10.5 9.4 10.2 8.4
Jinkwangbori 6.2 8.6 3.9 11.2 10. 4 10.7 8.5
Mean 7.1 8.8 10.0 11.3 11.1 11,7 8.9
LSD 0.05 0.7 0.9 0.6 0.8 0.8 0.7 1.0

® Nulssalbori, Saessalbori and Huangcheongwa 1 are naked barley and Doosan 8,

Sacheon 6 and Jinkwangbori are malting barley.
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Table 6. Leaf chlorophyll (SPAD readings) of first four leaves in three naked(winter
six-rowed type) and three malting (spring two-rowed type) barley cultivars
as affected by air temperature,

Temperature (°C)

Cultivar™ 4 8 12 16 20 24 28
First leaf
Nulssalbori 47.9 50.3 46.1 41.3 38.4 35.9 36.8
Saessalbori 45.4 44.3 42.0 39.4 39.5 39.3 43.1
Hyangcheongwa 1 40.5 41.5 44.4 40.2 38.6 38.7 37.8
Doosan 8 46.1 46.1 43.1 39.5 35.5 35.3 34.4
Sacheon 6 50.2 45.8 43.5 38.0 35.9 34.3 33.2
Jinkwangbori 47.8 44.5 44.1 39.6 37.9 3.7 35.9
Mean 46.3 45.4 43.9 39.7 37.6 3.7 36.9
LSD 0.05 2.6 1.4 1.8 1.3 1.7 1.3 3.1
Second leaf
Nulssalbori 54.2 50.7 45.0 40.4 39.5 35.0 36.7
Saessalbori 51.0 45.6 42.2 39.4 40.6 40.7 43.9
Hyangcheongwa 1 49.0 47.3 44.6 41.5 40.4 39.8 42.8
Doosan 8 44.9 44.8 41.9 38.7 36.5 3.1  35.1
Sacheon 6 48.1 46.5 40.7 38.2 36.4 35.9 36.1
Jinkwangbori 48.2 45.8 43.4 38.8 38.7 38.1 37.6
Mean 49 2 46.8 43.0 39.5 38.7 37.6 38.7
LSD 0.05 3.3 2.1 1.5 1.5 1.7 1.9 2.8
Third leaf
Nulssalbori 52.5 47.6 44.0 39.5 41.1 38.4 37.1
Saessalbori 50.8 45.8 42.4 38.7 40.1 42.4 43.5
Hyangcheongwa 1 48.1 45.8 43.4 40.5 41.4 44.0 44.4
Doosan 8 46.1 42.7 39.7 37.9 38.2 37.9 37.2
Sacheon 6 49.5 43.4 40.6 38.2 37.9 38.5 38.7
Jinkwangbori 49.0 43.7 42.4 38.7 40.8 40.9 39.1
Mean 49.3 44.8 42,1 38.9 39.9 40.4 40.0
LSD 0.05 3.0 2.3 0.9 1.1 1.5 2.2 2.2
Fourth leaf
Nulssalbori 41.0 39.4 35.2 36.1 36.5 37.5 38.5
Saessalbori 44.0 39.1 38.6 37.1 38.7 41.5 44.6
Hyangcheongwa 1 43.3 36.8 37.6 38.2 38.7 43.3 42.7
Doosan 8 43.3 38.2 35.6 34.4 36.0 37.3 36.9
Sacheon 6 40.3 36.3 32.4 34.5 35.2 36.4 38.4
Jinkwangbori 44.5 36.6 36.8 35.6 37.0 38.2 37.4
Mean 42.7 37.7 36.0 36.0 37.0 39,0 39.8
LSD 0.05 NS NS 2.2 1.7 NS 2.2 2.9

Nulssalbori, Saessalbori and Huangcheongwa ! are naked barley and Doosan 8,
Sacheon 6 and Jinkwangbori are malting barley.

_13_



10 DRBREAR

3} Schrader(1974)8) ¥, 4, 34, Eg
E]#F Uoll glo}4 Winzeler 5 (1989) 2] 23
o} A vl AF zyel4 HEF
g Bifste AL g vt wod o4
471 Adedl (8 5. 1985:% & 1994).
Ao gy 23] ZE7F Fol ¥4 w4
o] Aoldl ol 7l Aoz st

2 A FAEF 5 G #A
flol halz 24ColA Efpkel M 2
X, EHES 16~24ColA Zdedl, ols
Boatwright % (1976) ¢l &+ ZA}e} v 53]
.

EJREE ZLE YoM Adnee} A3
228 3EFL 40 JE4L FAX7 A
wkor ganesl FHA 15 19904
= 2474 8 12CaA 713 w3 2, 3, 4%
A 4CAA 7H kel olv A&
Ae EHe ar)sl Aol FE4 Fol

X
—
2759l WE A 2ol

" =

FE¥ ol drelo EEuel PEE
H 2 Eol oA d¥e 7R3 9
gto] gu2 3FF(egne], A4R, &
A3 13) 3 HELe 335 (54 8%, A
A 6% AFRYE FAEA 4 8 12

16, 20, 24, 28CS AJAAtollA 4471714
Aujsted FAF AEF FAH IAF,
gE4LE Y AE %3 o°EH
Zct,

1. sgRee} &H 18 47 16C%
12co A gt EeE 3 102 s B
otz AAgnele} AFng 3FFL L7 8C
o 4 MM 4.570 W2 A Wkt

2. AuE 3EFe MAY wHES 16~
4Col A 7} FAgon E4RElE 15y
HYgdn Agneie ¢ 15 2.0 W
ojgich =WFne 3FFL 16T 20T A
AEgFo] 71 EAH e A 657 1.6

=Al 8359} AHrl BTE 199019

3. EMgE LT g FAEF £

5 16~24Coll A 7HA Helm gy, &
Hx 15, WFnegy 3EF 4R Fo
2 A

4. EHEL LT G FAFF =
5 16~24Cel A b Wddn Hgrel, &
M3 13, HFue 3FF, 4R ¢£o
Hgich
5 ¥EZFE SPADg 8 12CA sHE
saua)el g 139 g5 A5
EE odfjollA 4CollA 713 it

feu

33l
s

b
rr

2% XM

LR/E, FA EBE 1971 S8ES B
e BEERA LR W Bl oA
£ BE FHRBRRHRES ENE T
#&. 105-114.

Boatwright, G.O., H. Ferguson, and J.
R. Sims. 1976. Soil temprature around
the crown node influences early

growth, nutrient uptake, and nutrient



AR L2l FE22C UMLEE ¥ FHMY OXE BE

translocation of spring wheat. Agron. temperature on leaf growth of diverse
J. 68:227-231. populations of tall fescue. Crop Sci.
ERHE ZFEN FxTA tEE SEH, 18 : 217-220.
1991. &4o ¥t o)zl EES Peterson, M. David, and L.E.
B WIESE 36(6) : 554-559. Schrader. 1974. Growth and nitrate
Duncan, W.G., and J. D. Hesketh. assimilation in oats as influenced by
1968. Net photosynthetic rates, temperature. Crop Sci. 14 : 857-861.
relative leaf growth rates and leaf Stevenson, J. C.. and M. M.
numbers of 23 races of maize growth Goodman. 1972. Ecology of exotic
at 8 temperatures. Crop Sci. 8:670- races of maize. 1. Leaf number and
674. tillering of 16 races under four
Y, dAd, HFE, qekF 1985 = temperatures and two photoperiods.
=3 HEF AUE A EFE A0 A Crop Sci. 12 : 864-868.
H. 1984 A FFAY Agdr, po4] Winzeler, M., D.E. McCullongh, and L.
-52. A. Hunt. 1989. Leaf gas exchange
BT, KB, BRE, =28 199 # and plant growth of winter rye,
M- el &A% 9 i o9t @ triticale, and wheat under contrasting
fE3E. 39(4) : 359-365. temperature regimes. Crop Sci. 29:
Nelson, C.J.. K.J. Treharne, and ].P. 1257-1260.

Cooper. 1978. Influence of

_15_



	Summary
	서론
	재료 및 방법
	결과 
	고찰
	적요
	<참고문헌>



