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Yearly Variation in Growth and Yield of Winter Hulless Barley at lksan

Inbae Choi”,

Hakshin Kim‘, Jaebok Hwang1, Bonil Gu1, Huisu Bae‘, Taeseon Park1, Hongkyu Park1, and Geonhwi Lee'

ABSTRACT The effects of weather variations on winter hulless barley were analyzed using data obtained from winter crop
situation test at Iksan from 1985 to 2015. The wintering stage in the 16 years from 2000 to 2015 has become colder and shorter than
that in the previous 15 years from 1985 to 1999. This has resulted in an early sequence of regrowth date, heading date, and ripening
date. Heading date of hulless barley was mostly influenced by regrowth date and period of stem elongation. Futher, the regrowth
date and period of stem elongation were strongly negatively correlated with the average air temperature in February and the
maximum air temperature in March, respectively. The number of spikes per m’ and 1000-grain weight of Saechalssal cultivated
from 2003 to 2015 showed strong positive correlations with yield. In early heading years, yield increased with extended ripening
period and with increased 1000-grain weight. There was a strong negative correlation between 1000-grain weight and the average
temperature during the ripening period. In the 15 years from 1985 to 1999, warm winters contributed to yield increase with
increase in the number of spikes per m” and a long ripening period. In contrast, in the recent 16 years from 2000 to 2015, the large
variability in air temperature during the wintering stage, the decreasing number of spikes per m” and the steadily increasing air
temperature and decreasing precipitation during the ripening stage have caused high temperature stress and yield loss in late

heading years.
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Table 1. Comparison of growth stage and agronomic characteristics of hulless barley varieties cultivated at Iksan from 1996

to 2011.
Year Variety RD MTD HD MD. CL (ecm) TGW (g) NS Yield (kg/10a)
Nulssal Feb 18 Mar 31 Apr 25 May 30 67 26.8 669 408
1996~2004
Saessal Feb 18 Mar 31 Apr 26 May 31 71 26.7 657 443
20032011 Saechalssal Feb 15 Apr 2 Apr 26 May 31 77 29.6 641 449
Saessal Feb 15 Apr 2 Apr 27 Jun 1 74 27.1 578 427

RD: regrowth date, MTD: maximum tillering date, HD: heading date, MD: maturity date, CL: culm length, TGW: 1000-grain
weight, NS: number of spikes.

Table 2. Monthly descriptive statistics for weather elements during the growing seasons for winter hulless barley at Iksan from
1985 to 2015.

Weather elements Oct’ Nov Dec Jan Feb Mar Apr May Jun)  Oct~Jun
Mean 12.4 7.9 1.5 -0.8 1.2 5.6 11.7 17.4 21.2 7.6
Max 15.2 11.6 3.8 2.0 3.7 7.6 15.0 18.9 22.5 8.9
T ave Min 9.1 5.1 32 -5.1 -1.7 3.7 9.0 15.1 19.3 6.2
Q9] Reg.Coff. 0.061 0.023  -0.054 -0.001  0.027  0.018 0.004 0.039 0.046  0.013
R-Sq 0.141  0.023  0.094  0.000  0.029  0.025  0.001 0202 0228  0.033
Pr>t| 0.037 0416  0.094 0958 0361 0400 0879  0.011  0.007  0.328
Mean 19.3 14.0 6.7 42 6.8 11.8 18.6 23.6 26.8 13.5
Max 23.1 17.4 9.3 6.7 10.4 14.0 21.4 25.7 29.1 14.6
T max Min 14.9 10.9 1.9 0.2 3.4 95 15.5 21.4 23.9 11.9
(9] Reg.Coff.  0.057  0.021  -0.060  0.011 0.040  0.046  -0.005 0.069  0.082  0.023
R-Sq 0.093  0.017 0.088  0.006 0.049  0.097  0.001 0399 0319  0.085
Pr>t| 0.096 0483  0.105 0.693 0232  0.08 0865  0.000  0.001  0.111
Mean 6.5 2.7 3.0 5.3 -3.6 0.2 5.6 12.3 16.9 25
Max 10.8 7.0 0.8 2.1 -0.6 3.0 11.2 13.9 18.3 4.6
T min Min 3.7 -1.1 -8.4 -10.3 6.5 -1.7 3.1 9.2 14.8 0.9
(9] Reg.Coff. 0.080  0.027 -0.049 -0.016 0.016 -0.020  0.007  0.016  0.035  0.003
R-Sq 0.158  0.022  0.072  0.007  0.008  0.024  0.002  0.021  0.159  0.002
Pr>t| 0.027 0431  0.146  0.651  0.635 0409  0.829 0435  0.026  0.835
Mean 1478 236.1 73.2 29.3 57.2 1743 3497 5394 3183 19253
Max 1819 3477 1247 81.9 1100 2350  451.0 5851 3374  2200.1
T acc Min 109.6  154.0 11.6 0.0 12.7 1179 2713 4679  288.8 16342
(°Cad) Reg.Coff. 0669 0685 -1.078 0013  0.514 0519  0.127 1222 0689  3.359
R-Sq 0.118  0.022  0.106  0.000  0.029  0.023 0.001 0202 0228  0.073
Pr>t| 0.058 0426  0.074 0972 0360 0416 0879  0.011  0.007  0.142
Mean 20.1 48.7 28.4 23.9 32.0 44.6 68.9 80.9 472 394.6
Max 95.5 163.6 69.0 68.5 92.0 1200 2325  199.6 1575 6249
Prec Min 0.0 3.5 2.0 3.5 0.5 6.5 12.0 16.0 0.0 241.5
(mm) Reg.Coff. 0440  -0.726 0432  -0314 -0.107 -0.177  0.714  -0311 -1.362 -1.412
R-Sq 0.033  0.032  0.046  0.025  0.002  0.003  0.021  0.005 0.064  0.015

Pr>|t| 0.327 0.332 0.246 0.397 0.828 0.757 0.442 0.715 0.169 0.507
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Table 2. Monthly descriptive statistics for weather elements during the growing seasons for winter hulless barley at Iksan from

1985 to 2015 (Continue).

Weather elements Oct’ Nov Dec Jan Feb Mar Apr May Jun)  Oct~Jun
Mean 75.7 156.5 142.6 153.9 161.6 193.6 212.4 220.4 99.1 1415.9

Max 107.2 197.0 189.9 194.0 207.1 2473 249.4 2856 1254 15935

H sun Min 49.3 98.1 103.4 97.9 95.3 127.2 150.2 163.8 54.6 1156.2
(h) Reg.Coff. 0.080  0.630 0.404 0.619 0.254 1.066 -0.633  0.643  0.235 3.298
R-Sq 0.003  0.051 0.034 0.068 0.008 0.120 0.056 0.035  0.015 0.076

Pr>[t| 0.773  0.222 0.320 0.156 0.640 0.056 0.201 0316  0.506 0.135

T ave: daily average air temperature (°C), T_max: daily maximum air temperature (°C), T _min: daily minimum air temperature

(°C), T acc: cumulative value of daily average air temperature above 0°C (°Cd), Prec

hour (h).
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Fig. 1. Yearly deviations of weather elements during the growing seasons for winter hulless barley compared to the mean values
at Tksan from 1985 to 2015. (a) Average air temperature at wintering stage, (b) sunshine duration in Mar, (c) average
air temperature from May 1 to Jun 15, and (d) precipitation from May 1 to Jun 15.
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Table 3. Descriptive statistics for weather elements for each growth stage during the growing seasons for winter hulless barley

at Iksan from 1985 to 2015.

Weather elements SS WS TS ES RS Total Period
Mean 7.6 -0.6 5.0 11.5 17.4 6.8
Max 9.8 0.9 7.5 13.4 18.7 7.9
T ave Min 5.3 2.8 2.6 9.3 15.4 5.6
(9] Reg. Coff. 0.019 -0.018 0.019 -0.020 -0.005 -0.003
R-Sq 0.021 0.029 0.030 0.028 0.003 0.003
Pr>t] 0.435 0.358 0.353 0.369 0.782 0.754
Mean 13.6 4.6 11.1 18.4 23.6 12.7
Max 16.1 6.4 13.3 21.2 25.7 13.7
T max Min 10.7 2.4 8.5 15.6 21.7 11.0
(9] Reg. Coff. 0.022 -0.021 0.049 -0.022 0.031 0.006
R-Sq 0.021 0.026 0.143 0.016 0.071 0.008
Pr>t| 0.434 0.390 0.036 0.494 0.147 0.628
Mean 2.4 -5.1 0.3 5.5 12.2 1.7
Max 5.3 3.4 3.0 7.6 14.2 35
T min Min 0.2 7.8 2.5 2.8 9.6 0.4
°C) Reg. Coff. 0.025 -0.019 -0.019 -0.018 -0.037 -0.014
R-Sq 0.030 0.030 0.022 0.017 0.084 0.037
Pr>t| 0.350 0.351 0.422 0.484 0.113 0.299
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Table 3. Descriptive statistics for weather elements for each growth stage during the growing seasons for winter hulless barley

at Iksan from 1985 to 2015 (Continue).

Weather elements SS WS TS ES RS Total Period

Mean 446.7 60.8 222.0 2923 616.4 1635.6
Max 546.0 115.9 279.2 385.4 706.7 1811.9
T ace Min 338.7 16.2 140.9 204.8 533.0 1457.4
(°Ca) Reg. Coff. 0.575 -0.690 2.079 -4.304 0.081 -2.062
R-Sq 0.009 0.069 0.219 0.565 0.000 0.046
Pr>t| 0.620 0.154 0.008 0.000 0.927 0.247
Mean 83.5 45.9 65.3 56.1 99.4 354.7
Max 214.4 111.6 128.3 135.0 199.6 547.9
Prec Min 2.0 6.0 14.5 3.0 21.6 137.0
(mm) Reg. Coff. 0.263 0.002 0.273 -0.490 -0.483 -1.173
R-Sq 0.002 0.000 0.007 0.019 0.011 0.013
Pr>|t| 0.793 0.997 0.666 0.463 0.581 0.547
Mean 310.7 317.8 265.5 181.4 250.4 1325.2
Max 431.6 497.6 374.2 248.0 3212 1509.4
H sun Min 207.7 176.3 174.3 93.7 1793 1047.1
(h) Reg. Coff. 0.555 -0.321 3.120 -2.740 0.882 1.567
R-Sq 0.009 0.001 0.316 0.336 0.047 0.017
Pr>t| 0.617 0.840 0.001 0.001 0.240 0.485
Mean 59.0 61.0 43.5 25.8 345 223.7
Max 75.0 86.0 52.0 33.0 40.5 233.5
Min 40.0 40.0 29.0 17.0 29.0 215.0

Day no
- Reg. Coff. -0.070 -0.143 0.269 -0.312 0.011 -0.245
R-Sq 0.004 0.012 0.218 0.365 0.001 0.199
Pr>t| 0.728 0.551 0.008 0.000 0.843 0.012

T _ave: daily average air temperature (°C), T _max: daily maximum air temperature (°C), T _min: daily minimum air temperature
(°C), T_acc: cumulative value of daily average air temperature above 0°C (°Cd), Prec: precipitation (mm), H_sun: sunshine
hour (h), SS: seedling stage, WS: wintering stage, TS: tillering stage, ES: stem elongation stage, RS: ripening stage.
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5471(99.4 mm) > -3-H27](83.5 mm) > £¥7](65.3 mm) >
A7FAA7](56.1 mm) > DE7](45.9 mm) o2 WorCh
(Table 3).
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Table 4. Correlation coefficients between period and beginning of growth stages of winter hulless barley cultivated at Iksan

from 1985 to 2015.

WS TS ES RS RD MTD HD MD
SS -0.933%x* -0.283 0.108 -0.092 -0.27 -0.631%* -0.389* -0.482%*
WS 0.002 0.126 0.011 0.598** 0.621** 0.590** 0.648**

TS -0.671%* -0.063 -0.628** 0.592%#* -0.119 -0.167
ES -0.276 0.579%* -0.235 0.672%* 0.586%*

RS -0.177 -0.261 -0.434* 0.085

RD 0.255 0.687** 0.66**
MTD 0.563%* 0.475%*
HD 0.861%*

SS: seedling stage, WS: wintering stage, TS: tillering stage, ES: stem elongation stage, RS: ripening stage, RD: regrowth date,
MTD: maximum tillering date, HD: heading date, MD: maturity date.

* p< 0.05 and ** p=0.01.

Table 5. Correlation coefficients between regrowth date and monthly weather elements during the growing seasons for winter

hulless barley at Iksan from 1985 to 2015.

T ave (°C) T acc (°Cd) T max (°C) T min (°C) H _sun (h) Pre (mm) Day no
Oct -0.317 -0.323 -0.254 -0.350 0.089 -0.052 -
Nov -0.068 -0.065 0.016 -0.098 0.183 -0.102 -
Dec -0.061 -0.039 0.007 -0.178 0.132 -0.097 -
Jan -0.115 -0.238 -0.166 -0.059 0.199 0.060 -
Feb -0.596%** -0.574%* -0.462%* -0.630%* 0.469%* -0.173%* -
SS 0.133 -0.264 0.204 0.002 -0.117 -0.309 -0.270
WS -0.127 0.110 -0.025 -0.200 0.687** 0.113 0.590%**

T ave: daily average air temperature (°C), T _max: daily maximum air temperature (°C), T_min: daily minimum air temperature
(°C), T acc: cumulative value of daily average air temperature above 0°C (°Cd) (°Cd), Prec: precipitation (mm), H_sun: sunshine
hour (h), SS: seedling stage, WS: wintering stage, Day no: number of days of each growth stage.

#* p<0.01.
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WEANE 109 She297e A s F 28 W henee] 48] F gAIR Yol AT S5 A1
# AT, A4 123 e RO JUL BEW, DRAS 249 P4, 5UO 710 B 4TS BYOU 4B
ob o ool A4S B FeYuhe ABWAIL o AL AT 54 BRVeTE w2 el 4Be
ShithTable 5). 1099] 7|23k OFgh 2.9 JVRAE  WerkTable 7). 5% 71710 59 B712.9] A3 J=7}
Boith Bolshl A7 209 ARASIE £ B o[ E4719 A% 71 wolg} Bato] gld] 2000
Ho| 4TS Wol 289 ANV BSSF BRAYY] W Aol 48 see] E47E ARElS] S47]0) 50|
%S 0w SRS ol el A% 1Y EIEE St BRtoL 20009 ol Fol $4717 Wb
o Al|elol slEte] RO WM R IMsE ALHM 49 o FE AFE0l 5Y Sl Sl e
e ARAZIE 2O 4TS Holt Zlo] YA A B sk Beb] ROR S47] B /125 20009 A
o R(Lee o al, 1995), A2ANYI AxA5e] ] A 5Y BRI LT TR HUR= 0.681)S HHYO
ARPAE Sxoh BeE olejd AvhE SfHET. EF 20004 o] Fol A AL} o)e olATHR=0.243). 5
BEARNE B8] 1gas F ARG L U A 0 4719 BRIt Re) 4UL, Auen

oF w2 Ao e Edth o= Ao s Bl 5571 Hatvleol ¥e o 55 7
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A7k et 9 71 e 40 dFgS R o gho] 71 AeR YEyth §% 71 557 ARk,
A AEAFE FoAtTable 6). 7S 3~4  S=7] d2AeE 9 22 49 4ds Edet diA
49 7|2 o e Bilen O 39 Hav|e, 4d 2 7R A VI T AR dxRAee WY
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ARt S w7z 9] 712klH Mg ez Bt o 71E dISske 2lH14E Fol3iti(Table 8). Table 404 &=
ol 4¢ 1d= A= A7 = 4ol sigedtal & 7lof diet ASAY7I(R=0.687)2F HIHIA7]7HR=0.672)]
oy 3d a1 72 B AdxAlee w2 R ARE ARAS ol vssidloy ASAATI7E AR
Hylow ol 7heRe 74 AsdATE A5 71448l I =2 Ao S HAR=0.579), 5719 diek AEA

Table 6. Correlation coefficients between a period of stem elongation stage and monthly weather elements during winter hulless
barley growing season at lksan from 1985 to 2015.

T ave (°C) T acc (°Cd) T max (°C) T min (°C) H sun (h) Pre (mm)
Mar. -0.188 -0.201 -0.488** 0.23 -0.391* 0.105
Apr. -0.394* -0.394* -0.403* -0.288 0.141 -0.135

T ave: daily average air temperature (°C), T_max: daily maximum air temperature (°C), T _min: daily minimum air temperature
(°C), T acc: cumulative value of daily average air temperature above 0°C (°Cd), H_sun: sunshine hour (hr), Prec: precipitation (mm).
* p< 0.05 and ** p=<0.01.

Table 7. Correlation coefficients between ripening stage and monthly weather elements during the growing seasons for winter
hulless barley at Iksan from 1985 to 2015.

T ave (°C) T acc (°Cd) T max (°C) T _min (°C) H _sun (h) Pre (mm)
Apr. 0.025 0.025 0.075 -0.046 0.21 -0.311
May -0.261 -0.261 -0.278 -0.216 -0.002 0.003
Jun. -0.094 -0.094 -0.077 -0.123 -0.016 -0.168
RS -0.521%* 0.716%* -0.521%* -0.435% 0.527** 0.001

T ave: daily average air temperature (°C), T_max: daily maximum air temperature (°C), T _min: daily minimum air temperature
(°C), T acc: cumulative value of daily average air temperature above 0°C (°Cd), Prec: precipitation (mm), H_sun: sunshine hour
(h), RS: ripening stage.

* p< 0.05 and ** p=<0.01.
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Table 8. Multi-regression analysis equations and the R* values for predicting heading date of winter hulless barley grown at

Iksan from 1985 to 2015.

Equation R’
Y1 = 1L.152*¥X,+(-0.103)*X+(-1.529)*X5+85.382 0.773
Y = 0.911%X,+(-0.074)*Xo+(-1.086)*Xs+(-1.274)*X4+105.61 1 0.824

Y1, Ya: expected heading date (Julian days), X;: regrowth date (Julian days), X»: sunshine duration of February, X3: mean of
daily maximum air temperature during wintering stage, X4: mean of daily maximum air temperature in March.

Table 9. Correlation coefficients between heading date, maturity date, yield and yield components of hulless barley “Saechalssal”

cultivated from 2003 to 2015 in winter crop situation experiments at Iksan.

H.D. RS CL NS NG W TGW Yield Yield (s)
RD 0.737%* -0.545 0.153 -0.212 -0.116 -0.224 -0.378 -0.181 -0.195
HD -0.547 0.326 -0.331 0.293 0.096 -0.556 -0.392 -0.518
RS -0.228 0.783%* -0.097 -0.055 0.306 0.527 0.233
CL -0.285 0.489 0.354 -0.306 -0.092 -0.358
NS -0.385 -0.378 0.348 0.726** 0.4
NG 0.59* 0.06 -0.187 -0.18
™ 0.039 0.011 -0.024
TGW 0.719%* 0.721%*
Yield 0.714%*

RD: regrowth date, HD: heading date, RS: number of days during ripening stage, CL: culm length, NS: number of spikes, NG:

number of grain, TW: test weight, weight of grains in one liter volume, TGW: 1000-grain weight.

* p< 0.05 and ** p=<0.01.
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Fig. 2. Relationships between (a) 1000-grain weight and average temperature of ripening stage and (b) 1000-grain weight and
the period of ripening stage in hulless barley cultivar Saechalssal at Iksan from 2003 to 2015.

Table 10. Comparison of daily average air temperature of growth stages, regrowth date, and heading date of “Saechalssal”
between high-yield years and low-yield years during the growing seasons for winter hulless barley at Iksan from 2003

to 2015.
T ave (°C i

_ (°0) RD HD Period

N WS TS ES RS of RS
high-yield years 7.9° -0.5" 4.5 11.5° 16.7° 116° 184° 38"
low-yield years 8.3" -1.4° 5.2° 10.2° 18.2° 119* 193° 35"

T ave : daily average air temperature (°C), SS: seedling stage, WS : wintering stage, TS: tillering stage, ES: stem elongation
stage, RS: ripening stage, RD: regrowth date, HD: heading date.
Different letters at each column indicate significant difference at p< 0.05.

Table 11. Comparison of yield and yield components of “Saechalssal” between high-yield years and low-yield years during the
growing seasons for winter hulless barley at lksan from 2003 to 2015.

CL SL NS NG W TGW Yield Yield (s)

(cm) (cm) (g) (g) (kg/10a) (kg/10a)
high-yield years 78 4.7 720° 52.0° 789.3° 30.8" 579° 524°
low-yield years 79° 5.0° 574" 54.3° 785.4° 27.4° 342° 353

CL: culm length, SL: spike length, NS: number of spikes, NG: number of grains per spike, TW: test weight, weight of grains
in one liter volume, TGW: 1000-grain weight.
Different letters at each column indicate significant difference at p< 0.05
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