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Effect of Soil Acidity and Nitrogen Fertilization
on the Growth and Yield of Barley Cultivars**

Jai Wook Shim*, Hong Suk Lee* and Kyung Jin Choi®*

ABSTRACT

The effects of pH and Aluminum treatment on the seedling growth were examined with 11 cultivar under
three levels of pH in nutri-culture. Growth and yield responses of soil pH and nitrogen fertilization were also
studied with five cultivars under 3 levels of soil pH and 3 levels of nitrogen application in the field experiment.

The effect of pH on the seedling growth was not significant, but Aluminum treatment significantly decreased
the seedling growth in nutri-culture except Dusan #12. Chlorophyll contents of leaves, dry weight of plants,
culm length, spike numbers per unit area, grain numbers per spike, grain weight, and yield were decreased
as the decrease of soil pH, and thus highly significant correlation between soil pH during barley growth and
yield was observed in all cultivars examined. The stable cultivars to different soil pH with high yield was not
found although the decreases of yield were different with cultivars.

The increase of nitrogen fertilization significantly increased the nitrogen and chlorophyll contents of leaves,
and dry weight of plants, while showed a little effects on the culm length, spike number per unit area, grain
number per spike, grain weight and yield.

The yield was significantly correlated with culm length, dry weight of plants, grain numbers per spike and
1000 grain weight at each pH levels.
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The levels of pH and nitrogen fertilization and
cultivars of each plot in split-split plot experi-
ment.

Main plot Sub-plot Sub-sub-plot
(pH) (N-levels) (cultivars)
. Durubori
4.5(4.5) 5kg/10. Dongbori#1
. Saeolbori
5.3(5.5) 10kg/104 Paldalbori
5.9(6.5)* 15kg/10a Kangbori

*Numbers in parenthesis indicate expected pH
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Table 1. Root number, maximum root length and root dry weight per plant of barley varieties affected by

different pH in nutri-culture.

Items Maximum root .

oH Root number length (cm) Root dry weight(mg)
variety 4.5 55 6.5 45 55 6.5 45 535 6.5
Gangbori 15.8 14.5 14.5 16.0 14.0 16.5 56.1 49.0 53.6
Dongbori #1 17.5 16.0 16.8 15.1 14.5 16.8 85.7 71.5 87.8
Saeolbori 15.0 18.8 17.5 20.5 19.3 17.6 61.0 90.6 75.6
Durubori : 16.5 17.0 16.0 14.5 14.6 14.7 52.5 60.3 46.5
Paldalbori 17.3 17.0 17.7 15.4 18.2 19.1 74.6 84.7 T1.4
Baekdong 11.3 12.0 12.0 14.6 14.1 17.8 47.8 60.4 63.0
Songhakbori 13.0 12.3 12.5 13.9 1.3 16.4 60.4 54.5 66.2
Saesalbori 13.5 14.8 13.5 16.6 13.7 14.1 64.4 65.0 54.0
Hyangmaek 17.0 16.8 18.5 15.1 15.2 16.4 54.4 81.0 73.1
Sacheon #6 18.8 19.0 18.8 13.5 14.3 13.5 65.8 69.7 67.9
Dusan 12 19.0 17.5 17.3 12.2 12.6 13.7 62.2 55.2 63.6

Mean 159 16.0 16.0 15.2 15.0 16.1 62.3 67.5 65.7
LSD.05 V= 2.20** 1.79** 14.04**
between pH= 1.15 0.93* 7.33

V x pH= 3.82 3.09**
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Table 2. Plant height and shoot dry weight of barley varieties affected by different pH in nutri-culture.

Items Maximum leaf Shoot dry

oH length(cm) weight (mg)
variety 4.5 55 6.6 4.5 55 6.3
Gangbori 3.4 30.5 31.4 195 144 151
Dongbori #1 31.2 28.2 30.4 177 153 202
Saeolbori 28.1 25.8 25.1 146 173 150
Durubori 27.8 27.2 25.3 129 118 94
Paldalbori 27.2 29.0 29.0 148 146 152
Baekdong 25.7 26.7 25.5 119 142 134
Songhakbori 23.6 20.5 23.1 138 101 109
Saesalbori 26.2 25.7 22.6 132 125 106
Hyangmaek 36.7 35.1 32.5 175 190 173
Sacheon #6 39.4 37.3 39.5 198 211 238
Dusan #12 33.8 27.2 28.8 192 129 155
Mean 30.4 28.5 28.5 159 148 151

LSD.05 V= 2.87° 3.1

pH= 1.50° 17.3
between VxpH= 4.97

Table 3. Root number, maximum root length and root dry weight per plant of barley varieties affected hy
Al treatment in nutri-culture.

Items Root number Maximum root Rpot dry
length(cm) weight (mg)
Jreat o 6mM 0 0.6mMAL ) o g 0-6mMAL oy o 0.6mM ‘;‘l
Variety Al Al 3% Al Al % of Al Al 3% 0
no-Al no—-Al no-Al

Gangbori 13.8 14.5 95 16.3  14.7 111 65.4 75.5 87
Dongbori #1 12.2 13.6 90 4.8 15.7 94 69.2 63.4 109
Saeolbori 11.8 13.6 87 4.2 19.6 72 72.0  80.4 90
Durubori 11.4 13.8 83 12.7 16.3 78 58.0  61.0 96
Paldalbori 11.6 12.8 91 17.3  16.5 105 50.8  61.0 83
Baekdong 10.4 11.8 88 15.5 14.4 108 61.8 68.8 90
Songhakbori 1.2 12.8 88 12.3  12.6 98 63.0 75.4 84
Saesalbori 10.6 12.4 85 1.1 4.5 7 . 58.0  63.2 92
Hyangmaek 9.8 12.8 77 4.1 15.7 90 61.2  69.0 89
Sacheon #6 14.4 15.6 92 4.9 13.7 109 80.4 79.0 102
Dusan #12 16.3 16.3 100 12.9 13.6 95 69.8  66.5 105

Mean 11.9 13.7 87 14.2 15.2 93 64.5 69.4 93
LSD.05 V= 1.78%* 1.80°* 9.50%*
between Al= 0.76** 0.77%* 4.10°

vV x Al= 2.52 2.55°* :
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Table 4. Plant height and shoot dry weight of barley varieties affected by Al treatment in nutri—culture.

Items Maximum leaf length{cm) Shoot dry weight(mg)
Treat. 0.6mM Al 0.6mM Al
e 0.6mM 0 % of 0.6mM 0 "% of
Variety Al Al as % o Al Al as % o
: no-Al no-Al

Gangbori 24.3 25.1 97 147 211 70
Dongbori %1 24.8 26.4 94 190 202 94
Saeolbori 24.7 25.7 96 187 242 77
Durubori 22.7 24.9 91 177 179 99
Paldalbori 23.7 23.5 101 148 205 72
Baekdong 22.8 23.4 97 158 226 70
Songhakbori 20.1 20.7 97 169 192 88
Saesalbori 21.3 23.3 91 163 170 96
Hyangmaek 30.7 32.1 96 199 271 73
Sacheon =6 26.8 30.3 88 162 262 62
Dusan §12 22.5 22.8 99 197 190 104

Mean 24.0 25.3 95 173 214 81
LSD.05 V= 1.38°* 55.3

between Al 0.59** 23.6°*
VxAl= 1.95
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Fig. 1. Chlorophyll content in leaf in five barley varieties on heading stage affected by different soil

pH and N-levels. (mg/g)
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Flg. 2. Nitrogen content of leaf in five barley varieties on heading stage affected by different soil

pH and N-levels. (%)
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Table 5. Heading date of five barley varieties
affected by different soil pH and N-levels.

Soil -level
i N1 N2 N3 | Mean
pH | Variety
Durubori 5/21 5/17 5/16 | 5/18
Dongbori 71 5/15 5/13  5/14 ) 5/14
4.5 | Saeolbori 5/21  5/12  5/15 | 5/16
Paldalbori 5/7 5/10  5/10 5/9
Kangbori 5/14 5/14 5/16 | 53/16
Mean 5/16  5/13 5/14 | 5/14
Durubori 5/16  5/15  5/16 | 5/16
Dongbori #1 5/14 5/12  5/14 | 5/13
5.4 | Saeolbori 5/13  5/14  5/16 | 5/14
Paldalbori 5/9 5/8 5/10 5/9
Kangbori 5/14 5/12  5/14 | 5/13
Mean 5/13  5/12  5/1% | 5/13
Durubori 5/15  5/16 5/14 | 5/15
Dongbori 41 5/11 5/13  5/13 | 5/12
5.9 { Saeolbori 5/13  5/13  5/14 | 5/13
Paldalbori 5/7 5/6 5/8 5/7
Kangbori 5/11 5/11  5/13 | 5/12
Mean 5/11  5/12  5/12 | 5/12
Grand mean 5/13  5/12  5/14 | 5/13
Sarow S8 Nayk#olAde BEel W2 kst
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Table 6. Shoot dry weight of five barley cultivars
affected by different soil pH and N-levels.

(g/m?)
Soil ~level
N N1 N2 N3 | Mean
pH | Variety
Durubori 100 145 275 173
Dongbori 5: 88 151 165 135
4.5 | Saeolbori 96 208 192 165
Paldalbori 113 291 125 132
Kangbori 279 389 243 246
Mean 135 175 200 170
Durubori 159 200 283 214
Dongbori #1 132 198 398 243
5.4 | Saeolbori 179 208 230 206
Paldalbori 150 291 299 247
Kangbori 252 389 299 313
Mean 174 257 302 244
Durubori 270 270 392 310
Dongbori #1 294 234 223 251
5.9 { Saeolbori 208 312 435 318
Paldalbori 321 257 287 288
4 Kangbori 405 535 380 446
Mean 300 325 343 323
Grand mean 203 253 282 246
At B**
C** AB NS
BC** AC*
ABC**
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Flg. 3. Culm length of five barley varieties affected by different soil pH and N-levels. (cm)
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Flg. 4. Spike number per square meter of five barley varieties affected by different soil pH
and N-levels.
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Flg. 5. Grain number per spike of five barley varieties affected by different soil
pH and N -levels,
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Flg. 6. 1,000 grain weight of five barley varieties affected by different soil
pH and !}I-Ievels. (g2)
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Table 7. Shoot dry weight of five bareley cultivars
affected by different soil pH and N-levels.

(kg/10a)
Soil -level
N M
oH | Varicly N1 N2 3 ean
Durubori 49 88 136 91
Dongbori £1 54 66 41 54
4.5 | Saeolbori 76 184 119 127
Paldalbori 64 61 40 55
Kangbori 168 108 139 138
Mean 82 102 95 93
Duruberi 143 204 200 182
Dongbori 21 225 196 198 206
5.4 | Saeolbori 207 191 224 207
Paldalbori 71 118 134 108
Kangbori 182 344 285 270
Mean 165 211 208 195
Durubori 274 158 189 174
Dongbori 1 181 179 122 161
5.9 | Saeolbori 210 276 261 249
Paldalbori 104 215 190 169
Kangbori 287 359 312 319
Mean 191 237 215 214
Grand mean 146 187 173 167
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Fig. 7. The relation of yield and stability estimated
with 5 barley cultivars grown in different
soil pH.
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Table 8. Correlation coefficients between grain yield

and soil pH levels of five barley cultivars.

Soil pH at early|Soil pH at 3 Weeks
Cultivar
growth stage |before heading stage
Durubori 0.69* 0.75"
DongboriNo.1 0.62° 0.74°
Saeolbori 0.88°* 0.89**
Paldatbori 0.87°* 0.75°
Kangbori 0.87*° 0.85**
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Table 9. Correlation coefficients among 6 characters studied at different soil pH.

Characters pH 1 2 3 4 5 6
4.5 0.62°* 0.34"* Q.72 0.11 0.70**
1.Culm length 5.3 0.43** 0.41** 0.68** 0.21 0.78*°
5.9 0.65°* 0.26 0.57*" 0.18 0.68**
4.5 0.32° 0.69*" 0.37" 0.75*°
2.Dry weight 5.3 0.44*° 0.28 0.45%° 0.52**
5.9 0.49** 0.54*" 0.39°* 0.75*"
4.5 0.34° 0.07 0.50"*
3.1,000grain weight 5.3 0.37" 0.18 0.52**
’ 5.9 0.22 0.52** 0.62**
4.5 0.90°* 0.91°°
4.Grain no.per spike 5.3 —0.26 0.81**
5.9 —-0.27 0.83**
4.5 0.39*"
5.5pike no.per m? 5.3 0.27
5.9 0.26
4.5
6.Grain yield per 10a 5.3
5.9
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