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Grain Yield and Physiological Responses of Water Stress
at Reproductive Stage in Barley

Won Yul Choi*, Yong Woong Kwon* and Jong Hwan Park*

ABSTRACT : To cope with increasing importance of water stress in food crop production, some
physiological characteristics, their cultivar-differences and grain yield of winter barley cultivars
in response to water stress during reproductive stages were studied employing three
covered-barley cultivars, Milyang 12, Durubori, and Olbori, one naked-barley cultivar, Baegdong,
and one two-row malting-barley cultivar, Hyangmaeg.

The barley grown in pot-soil was conditioned for 10 days under water stress, varying the time
of water stress : 20 days before heading, 10 days before heading and the time of heading. The
decrease in growth due to water stress varied greatly with the cultivars and time of water
stress, The greatest injury occurred when water stress was imposed for 10 days from 10 days be-
fore heading : the culm length of water-stressed plants have shown reduced by 85~98% of the
non-stressed; the number of spikes per plant by 52~83%: the number of grains per spike by
71~86%; 1,000-grain weight by 80~84%: yield per pot by 60~94%. The number of spikes per
plant as one of yield components was most sensitively affected. As a whole, the drought resist-
ance of cultivars was high in the order of Olbori> Milyang 12 and Durubori> Hyangmaeg>
Baegdong.

On rewatering the plants after termination of the water stress treatment the recovery rate of
free proline content and relative turgidity of flag leaf were higher in 3 covered-barley cultivars,
and lower in cultivars Baegdong and Hyangmaeg.

Key words : Water stress, Barley, Reproductive stage, Yield component, Free proline.
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Table 1. The general properties of soil used in pot experiment

Soil pH o.M, Total N. C.E.C. Available Ex. cation (me /100g)
texture (%) (%) (ppm)  P:Os(ppm) K Ca Mg
Sandy

] 6.2 2.5 0.05 11.58 157 0.15 2.65 3.00
oam

Table 2. The changes in dry straw weight, effective tiller rate and culm length of 5 cultivars
imposed to water stress by withholding watering for 10 days before or at heading

Dry straw weight (g) Effective tiller rate(%) Culm length{cm)
Cultivars Water stress Water stress Water stress
Con- before heading b/a Con- before heading b/a Con- before heading b/a
trol (%) trol (%) trol (%)
(a) 20 10 0 (a) 20 10 0 (a) 20 10 0
days days day days days day days days day

(b) (b) (b)

Milyang 12 29.7 283 247 263 83 64 59 45 64 70 54 53 47 47 87
Olbori 193 19.0 17.7 183 92 76 57 57 61 75 47 47 44 44 9
Durubori 24.0 220 187 23.7 78 37 45 37 44 100 57 55 49 56 86
Baegdong 240 233 223 230 93 66 46 59 50 89 46 46 39 42 85
Hyangmaeg 36.0 34.7 340 350 94 41 39 36 39 838 63 63 62 56 98

Mean 26.6 255 235 253 88 57 49 47 50 82 53 53 48 49 90
LSD. s between water stress: ns 4.441 2.291
cultivars : 3.297 5.526 2.187
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Table 3. The changes in number of grains per spike and number of spikes per plant of 5
cultivars imposed to water stress by withholding watering for 10 days before or at

heading

Number of grain /spike

Nnumber of spike /plant

Cultivars Control Water stress before heading /a  Control Water stress before heading /a
(a)  20days 10days O0day (%) (a)  20days 10days O0day (%)
(b) (b)
Milyang 12 42 41 30 3 71 3.8 3.3 2.9 3.5 76
Olbori 41 37 32 37 78 4.3 3.5 3.3 35 77
Durubori 43 40 3 30 79 3.6 3.2 3.0 3.5 83
Baegdong 28 27 24 36 86 3.2 2.1 2.3 2.7 72
Hyangmaeg 27 25 22 24 78 4.2 24 2.2 24 52
Mean 36 34 28 32 78 3.8 2.9 2.7 3.1 72
LSD. s between water stress: 2.455 0.245
cultivars: 2.473 0.277
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Table 4. The changes in 1,000 grain weight and grain yield of 5 cultivars imposed to water
stress by withholding watering for 10 days before or at heading

1000 grain weight (g)

Grain yield (g) /10 hills

Cultivars Control Water stress before heading 1, /a  Control Water stress before heading /a
(@)  20days 10days 0day (%) (a) 20days 10days 0day (%)
(b) {b)
Milyang 12 40.7 40.3 35.0 37.7 86 34.0 30.7 25.7 29.3 75
Olbori 40.7 38.0 32.7 38.7 80 38.7 38.0 36.3 38.0 94
Durubori 33.3 32.3 27.0 31.5 81 39.3 37.0 29.0 36.0 74
Baegdong 32.7 29.0 26.7 29.0 82 25.3 19.0 15.3 18.0 60
Hyangmaeg 47.0 46.3 44.3 46.3 A 45.3 38.3 32.3 35.3 71
Mean 38.9 33.1 33.1 35.6 85 36.5 32.6 27.7 31.3 76
LSD. g5 between water stress: 1.182 3.333
cultivars: 1.923 2.421

Table 5. The changes in the recovery rate of free proline and relative turgidity in flag leaf of 5
cultivars to rewatering for 0, 24 and 48 hours after an imposition to water stress by
withholding watering for 10 days at 10 days before heading

Free proline (mg /g DW)

Relative turgidity (%)

Cultivars Control Rewatering after stress b/a (%) Control Rewatering after stress
0 hr(a) 24 hr 48 hr(b) 0 hr 24 hr 48 hr
Milyang 12 0.4 9.0 1.9 0.8 8.8 89 70 80 83
Olbori 0.3 10.3 2.0 0.5 5.0 90 72 84 89
Durubori 0.3 11.1 0.7 0.4 3.6 88 74 85 88
Baegdong 0.3 3.2 1.2 0.6 18.7 88 77 84 85
Hyangmaeg 0.6 1.8 1.2 0.8 44.4 88 72 83 83
Mean 0.4 7.1 1.4 0.6 89 73 83 86
LSD. ¢ between water stress: 0.370 3.378
cultivars: 0.464 ns
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Table 6. Correlation coefficients in the decreased rate of water stress to control between the
investigated characters of 5 cultivars imposed to water stress by withholding watering
for 10 days at 20, 10 and 0 day before or at heading, respectively

Characters (2) (3) (4) (5) (6) (7) (8) (9)
—0.256 0.270 —0.062 —0.447 0.404 0.617* - -
Grain —-0.573* —0.398 —0.033 —0.083 -0.257 0.665™ —0.883* —0.184
yield (1) 0.324 -0.229 —0.258 0.328 0.127 0.435 -
0.353 —0.420 —0.360 0.208 —0.241 - -
1000 grain —0.128 0.201 0.262 0.063 —0.515* 0.570* —0.114
weight (2) —0.056 —0.203 0.213 0.196  —q.251
0.404 —0.566* 0.120 0.212 - -
No. of 0.271 0.246 0.136 —0.260 0.240 —0.059
kernel /spike (3) —0.154 —0.326 —0.640* —qgs510¢ - -
0370 0082  —0176 - -
Dry straw 0.463 —0.051 —0.410 0.219 —0.343
weight  (4) 0.040 0.145  —0.022 - -
—0.436 —0.305 - -
Culm —0.096 —0.394 0.148 —0.590*
length (5) 0.147 0.469
0.459 - -
Effective 0.005 0.105 0.063
tiller rate  (6) 0.250 - -
Number of —0.624* 0.188
spike /plant  (7) - _
Free proline 0.214

in flag leaf (8) -

Relative turgidity
in flag leaf (9)

@ * and ** means significant at 5% and 1% level respectively.
@ Stress treatment : upper line(20 days), middle line(10 days) and bottom line(0 day) before or at heading, re-
spectively.

@ In case of (8) : Increased rate of water stress to control
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