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ABSTRACT

This study examines the relationships between atmospheric influences and grain yields including yield
components as well as growth stages. Data used in this study were collected from the long-term field
experiment at Suwon for the period between 1974 and 2000. Mean grain yield of barley cultivar,
Olbori, for the recent 14 years(1987~2000) with warm winters was higher by 0.42 ton per hectare than
that for 27 years(1974~2000) at Suwon as a result of the higher numbers of spikes per unit land area
and grains per spike. However, the 1000-grain weight decreased by about 0.6 gram. Mean first day of
regrowth for the recent 14 years was earlier by five days than that for 27 years. Also, beginning date
of regrowth was positively correlated with that of heading and ripening. Mean period of ripening for
the years of 1987 through 2000 was similar to that for 27 years, but mean period of overwintering was
shorter by nine days than that for 27 years. On the other hand, mean periods of seedling and tillering
were longer by three days than those for 27 years. Meteorological elements at various growth stages
affecting grain yield of winter barley were air temperature (positive correlation) and sunshine hour
(negative correlation) of overwintering stage, precipitation (negative correlation) of tillering stage, and
potential evapotranpiration (positive correlation) of tillering stage. The 1000-grain weight was not
significantly correlated with the meteorological elements. Culm length was negatively influenced by
high temperature and dry weather situations during the ripening period, but spike length was
positively influenced. Overall, it was found that grain yield of barley, cultivar Olbori, was influenced
by meteorological elements of overwintering, tillering, and ripening stages.
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Table 1. Growth stages of winter barley plant

Growth stage Period
SI Sowing date to 10 days after sowing date
Sit 10 days after sowing date to end of growing
season of year of sowing
SHI Winter rest(overwintering)

SIvV Beginning of growing season to heading date
Sv Heading date to maturity date
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Table 2. Yield and yield components of barley cultivar Olbori during the periods of 1974~2000, 1974~1986, and

1987~2000 at Suwon

Yield Component Period Mean Standard Deviation Coefficient of Variation(%)
1974~2000(A) 609 155 25
‘ 1974~ 1986(B) 536 146 27
No. of spikes 1987~2000(C) 676 134 20
per m
C-A 67
CB 140
1974~2000(A) 49 6 13
_ 1974~ 1986(B) 47 6 14
No. of grains 1987~2000(C) 51 6 1
per spike
C-A 2
CB 4
1974~2000(A) 332 3 8
o 1974~ 1986(B) 339 3 9
IOOO'gr?‘“ weight 1987~2000(C) 326 2 6
) CA 06
CB 13
1974~2000(A) 371 1.00 27
, 1974~ 1986(B) 325 0.84 v 2
Yield per ha 1987~2000(C) 413 0.97 23
(ton) CA 042
CB 0.88
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Fig. 1. Yearly deviations of the yield and its components as
2000 in barley cultivar Olbori at Suwon.

compared to the mean values for 27 years from 1974 through



42 Korean Journal of Agricultural and Forest Meteorology, Vol. 4, No. 1

FRE m’ Y ol ME T et d¥RA
s s ol R s s wst
= A o] A B Apl7Iee] o) jle] =
BARE, FREAE A2 F4] & AL X%
A g Aol &, A ¥ AL A 23}
g ole B e TReRe A8 5l fefs)
Al AE8E Ao AdE.

Fig. 12 33} 3748450 2734(1974~20004)
Badipl A Holg vEhd Ao ikes
T m* T Fe Wold Fol 3, 1yt
TS iR wole) Fol 2giet. ool 7}

Z B34 199530 AYFe 279 PHEG Wk
Aot B ' F e 159 sl 71
3 Aoz AaFAn), Wb ko] s AU
198030 AEE5H 1595 27d HoRo ¢t
o m?* % 5T UR AA SRso] £ s
Zetdct. webs 7herele] fEkl 71 34| 7]
aFhe FEFHLAE m Y F5E daEY, FA
Ze AL NS B2 19874 o|FoeE m* G F
F7F 273 BaHT B2 %S Holx Qi) Yyt
02 FYPFTL v FHFAELAR JheREe]
ZhHsloll HA] 71edskdn). it 19890l HPEY

Table 3. Parameters relevant to the yield of barley cultivar Olbory for three years of good harvest and 27 years(1974~2000)

mean

Growth stage Parameter 1989 1995 1999 1973;3[?00
Period (day) 10 10 10 10
Mean air temperature (°C) 14.8 17.5 18.4 14.8
o Precipitation (mm) 36 99.4 193 23
: S"Zf‘t“g Sd(f‘\f; to (ligtgays Sunshine hour (hr) 67.3 54.1 43.1 60.3
er sowing Saturation deficit (hPa) 49 54 46 43
Potential evapotranspiration (mm) 214 19.6 19.8 18.0
Period (day) 42 59 30 39
- 10 days itztler sowing Mean air temperature (C) 8.4 8.5 11.8 93
éate to end of growing Precipitation (mm) 29.6 130.7 28.9 64.8
season of year Sunshine hour (hr) 270.6 337.6 1923 217.9
of sowing Saturation deficit (hPa) 35 39 38 31
Potential evapotranspiration (mm) 73.0 104.9 58.1 64.3
Period (day) 83 83 98 105
Mean air temperatare (°C) -0.1 -0.8 04 -1.2
SII Precipitation (mm) 79.1 26.9 35.8 83.1
: winter rest Sunshine hour (hr) 400 520.9 581.9 5824
Saturation deficit (hPa) 1.8 23 2.0 1.8
Potential evapotranspiration (mm) 104.4 116.2 132.5 131.5
Period (day) 68 62 66 57
SIV Mean air temperature (°C) 7.5 9.5 8.8 94
. beginning of growing Precipitation (mm) 167.1 80.1 128.6 128.4
season to heading date Sunshine hour (hr) 462 410.5 438 3935
Saturation deficit (hPa) 4. 5.1 42 4.1
Potential evapotranspiration (mm) 1374 1484 141.0 1179
Period (day) 36 39 38 36
SV Mean air temperature (°C) 16.5 18.5 17.7 17.9
- heading date to Precipitation (mm) 398 104.3 141.7 113.1
’ maturity date Sunshine hour (hr) 296.8 2443 269.9 260.1
Saturation deficit (hPa) 7.5 8.5 5.6 6.2
Potential evapotranspiration (mm) 98.3 104.5 83.9 81.0
No. of spikes per m? 586 859 504 609
. No. of grains per spike 49 61 59 49
Yield component 1000-g§ain wgightp(g) 35.1 312 302 332
Yield per ha (ton) 491 5.78 4.76 371
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Table 4. Parameters relevant to the yield of barley cultivar Olbory for two years of bad harvest and 27 years(1974~2000)

mean,
Growth stage Parameter 1977 1980 1974~2000
mean
Period (day) 10 10 10
Mean air temperature (°C) 14.9 14.1 14.8
oS Precipitation (mm) 193 0 23
sowing date to (110 days Sunshine hour (hr) 66.3 583 60.3
aller sowing cate Saturation deficit (hPa) 33 36 43
Potential evapotranspiration (mm) 15.3 15.0 18.0
Period (day) 30 28 39
SIT Mean air temperature (°C) 84 127 93
: 10 days after sowing date to end ~ Precipitation (mm) 67.4 18.6 64.8
of growing season of year Sunshine hour (hr) 180.6 197.1 217.9
of sowing Saturation deficit (hPa) 29 3.7 3.1
Potential evapotranspiration (mm) 512 484 64.3
Period (day) 121 125 105
Mean air temperature (°C) -2.8 -1.5 -1.2
Si1 Precipitation (mm) 68.2 874 83.1
: winter rest Sunshine hour (hr) 696.5 736.5 5824
Saturation deficit (hPa) 1.8 1.7 1.8
Potential evapotranspiration (mm) 156.6 150.8 131.5
Period (day) 61 57 57
Mean air temperature (°C) 11.0 93 94
beginni ?IV . Precipitation (mm) 300.5 274.4 128.4
CEIMNING OF ETOWINE SEASON gy nshine hour (hr) 4497 370.5 393.5
to heading date . .
Saturation deficit (hPa) 3.6 3.7 4.1
Potential evapotranspiration (mmy) 109.2 111.3 117.9
Period (day) 36 37 36
Mean air temperature (°C) 19.3 18.6 17.9
N\ Precipitation (mmy) 71.3 173.2 113.1
: heading date to maturity date Sunshine hour (hr) 296.9 278.6 260.1
Saturation deficit (hPa) 6.1 5.6 6.2
Potential evapotranspiration (mm) 75.5 78.8 81.0
No. of spikes per m? 307 304 609
No. of grains per spike 52 61 49
Yield component 1000-g§ain chight[zg) 392 35.1 332
Yield per ha (ton) 2.13 1.47 3.71
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Table 5. Correlation coefficients among agronomic characters of barley cultivar Olbori for 27 years from 1974 through 2000

at Suwon
B D E Yield
Culm length (A) -0.3021 0.3764 0.0675 -0.3588 0.1959
Spike length (B) -0.4038* 0.5843* 0.1881 -0.0185
No. of spikes per m? (C) -0.1030 -0.3973* 0.6166**
No. of grains per spike (D) -0.0294 0.0757
1000-grain weight (E) 0.2142

Significance at the 95% and 99% confidence levels is denoted by single or double asterisks, respectively
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Table 6. Mean first date of growth stages of barley cultivar Olbori during the periods of 1974~2000, 1974~1986, and
1987~2000 at Suwon

Period
Growth stage 1974 ~ 2000 1974 ~ 1986 1987 ~ 2000
Mean S.D. C.V. Mean S.D. C.V. Mean S.D. C.V.
(date)  (day) (%) (date)  (day) (%) (date) (day) (%)
Sowing date Oct. 5 4 1 Oct. 5 1 0 Oct. 6 5 2
End of growing season Nov. 23 8 3 Nov. 20 8 2 Nov. 27 8 2
Beginning of growing season  Mar. 8 11 16 Mar. 14 7 9 Mar. 3 11 18
Heading date May 5 6 5 May 7 4 4 May 3 6 5
Maturity date Jun. 10 5 3 Jun. 13 4 2 Jun. 7 5 3
S.D. and C.V. mean standard deviation and coefficient of variation, respectively
150 - THFig. 2B, 2C).
g 1o . oje} Z-& Aol nlFo] MRS uf, ko= wjEEgt
S} . _
s 1| e e AT} o)z A% olEBH 2 IH} ASE A
gaor o, =t SAY7F AR L, ool F771= ¥9AA
L R-osms o, Jejd B4l WE S47Rk) BEews) @

100

oA F=7IRIe] Ha AojR|AL shal(FEiE)F o) =
A VR Bele] o] S48 ofgof o] F
2 o, Ao RE AK7|E thh g5 ¥,
T T 0|53 A A feld Aoz Ay
At

SR FF2 FET|M AR ASda=
BT (1974~20005) 24780)1200H, HZ 14340 &
olxl= 73|, ASTANEE &5 3%
Zpolg HYTHTable 7). &, T 1499] LHz|9
SE7IRHSVYE 274 BT 55717 visssi o,
G571 S As] FolsltheEToivl: -9d). vt
AHell, FE7 RS FL7ITKSIVYE Dolxiet. o]}

Beginning of growth season (I.D.)

Maturity date (J.DJ)

a
S
L
5
0
z
E
&
=
140 - : —
110 120 130 140

Heading date (J.D.)

Fig. 2. Relationships between beginning of growth season
and heading date(A), between beginning of growth season
and maturity date(B), and between heading date and maturity
date(C) in barley culttvar Olbori at Suwon.
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Table 7. Mean duration of major growth stages of barley cultivar Olbori during the periods of 1974~2000, 1974~1986, and

1987~2000 at Suwon

Period
Growth stage 1974 ~ 2000 1974 ~ 1986 1987 ~ 2000

Mean S.D. CcV Mean S.D. CcVv Mean S.D. CcV

(day) (day) (%) (day) (day) (%) (day) (day) (%)

SI~ SH 49 9 19 46 9 19 52 9 18
S 105 15 14 115 10 9 96 13 i3
SIvV 57 7 12 54 6 11 60 7 12

Y 36 3 9 37 3 10 35 3 8
SI~SV 247 7 3 251 4 1 244 7 3

S.D. and C.V. mean standard deviation and coefficient of variation, respectively
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Fig. 3. Correlations between 1000-grain weight and average
temperature over 40 days after heading(A), and between
1000-grain weight and ripening period(B) in barley cultivar
Olbori at Suwon.
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Table 8. Correlation coefficients between meteorological elements and number of spikes per m? and number of grains per
spike at various growth stages for 27 years from 1974 through 2000

Meteorological Number of spikes per m?

Number of grains per spike

element SI SII SIII SIV SV SI NI S SIV Y
Tx 0.00 -039* 037 -0.43* -0.12 0.19 0.29 0.28 -0.03 -0.10
In -0.12 -0.21 041*  -023 -0.12 0.17 028 0.19 0.14 0.30
P -0.18 0.34 0.01 -0.30 0.10 -0.11 -0.06  -0.46* 0.18 0.33
S -0.16 0.20 -0.43* 0.06 -0.19 -0.32 022 -0.16 0.23 -0.05
D 0.34 0.02 0.30 -0.02 0.20 0.37 0.32 0.51%* 0.26 0.19
Ep 0.27 0.24 -0.25 0.30 0.29 0.25 023 -0.04 0.45* 0.36

denoted by single and double asterisks, respectively. Tx:

Significance at the 95% and 99% confidence levels is

maximum air temperature, 7n: minimum air temperature, P: precipitation, $: sunshine hour, D: saturation deficit,

Ep : potential evapotranspiration.
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Table 9. Correlation coefficients between meteorological elements and 1000-grain weight and yield at various growth stages

for 27 years from 1974 through 2000

Meteorological 1000-grain weight Yield

element SI Sl S SIv N SI SI N SIvV SV
Tx 0.01 -0.00 -0.36 0.32 0.23 -0.07 -0.25 0.47* -0.29 -0.10
Tn -0.07 -0.25 -0.36 0.13 0.12 0.18 -0.13 0.52*%*  -0.15 -0.21
P 0.05 -0.17 -0.10 0.17 -0.24 0.05 004 -0.14 -0.38%* -0.11
S 0.30 0.20 0.07 0.15 0.22 -0.26 0.14  -041* 0.01 0.12
D -0.29 0.05 -0.07 0.05 0.10 0.32 0.21 0.27 0.17 0.26
Ep -0.30 0.00 0.13 -0.09 0.13 0.36 020 -021 0.34 0.39*

Significance at the 95% and 99% confidence levels is denoted by single and double asterisks,

maximum air temperature, 7n: minimum air temperature, P: precipitation, S:

Ep : potential evapotranspiration

Table 10. Correlation coefficients between meteorological

stages for 27 years from 1974 through 2000

sunshine hour, D:

respectively. Tx:
saturation deficit,

elements and culm length and spike length at various growth

Meteorological Culm length Spike length

element SI SII SHI SIvV SV SI SII SII SIvV SV
Tx 0.01 -0.00  0.07 -045*% 044 023 006  -0.10 0.35 0.10
Tn -0.07 -0.25 0.01 -0.26 -0.34 0.38 017  -0.09 0.51%* 0.47*
P 0.05 0.17  0.09 0.16 0.29 0.24 -0.32  -048% 007 0.12
S 0.30 020 -0.30 -0.30 -0.07 -0.35 0.10 0.17 0.22 -0.21
D -0.29 005 -036 -0.55%%  -0.45% 0.12 031 0.46* 0.54%* 0.20
Ep -0.30 000 -0.50%* -021 0.1 0.11 0.09 0.25 0.38 0.02

Significance at the 95% and 99%
maximum air temperature, Tn:

confidence levels is denoted by single and double asterisks,
minimum air temperature, P: precipitation, S':

respectively. Tx:

sunshine hour, D: saturation deficit,

Ep . potential evapotranspiration.
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