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Effect of Number of Plants per Hill on the Agronomic
Characteristics, Forage Yield, and Chemical Camposition
of Kenaf in Jeju Region

Nam Ki Cho, Young Kil Kang, Chang Khil Song, Young Il Cho*, Mi Ra Ko
and Eun Kyung Oh

ABSTRACT

‘Evegradies 71’ kenaf (Hibiscus cannabinus L.) was grown at five plant densities (1, 2, 3, 4, and 5
plants per hill; 16,000, 32,000, 48,000, 64,000 and 80,000 plants/10a) from April 13 to October 8, 2001
in Jeju island to determine influence of plant number per hill on agronomic characteristics, forage yield
and quality. As plant density increased from 1 to 5 plants per hill, the plant height averaged across two
harvests increased 176 to 185 cm. Compared with the plant density of two plants per hill, the plant
height decreased at higher plant densities (183, 180, and 166 cm for 3, 4 and 5 plants per hill). The
highest yield of fresh forage (114.6 MT/ha), dry matter (17.3 MT/ha), crude protein (2.33 MT/ha), and
total digestible nutrients (TDN) (9.21 MT/ha) was obtained at 2 plants per hill. As plant density
increased from 1 to 5 plants per hill, crude protein, ether extract, nitrogen free extract, and TDN
contents increased from 13.1 to 15.4%, 3.0 to 3.7%, 20.1 to 23.2% and 41.1 to 45.4%, respectively,
while crude fiber and crude ash contents decreased from 41.2 to 34.9% and 9.4 to 8.2%, respectively.
(Key words : Kenaf, Number of plants per hill, Forage yield, Chemical composition)
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Table 1. Chemical properties of top soil (0~10cm) before the experiment

pH Organic  Available Exchangeable cation (cmol/kg) EC NOs;-N
matter P20s

(15 (gke) (mghg) ©2 Mg K Na  (ds/m)  (mg/ke)

5.5 63.6 95.4 0.65 0.27 0.40 0.08 0.73 62.5




Cho et al. ; Effects of Number of Plants per Hill on the Agronomic Characteristics Forage Yield, and Chemical Composition of Kenaf

Table 2. Monthly air temperature and precipitation during the growing season of 2001 with
the 10-year (1991~2000) average

Air Temperature (C)

Precipitation (mm)

Month 2001 10-yr avg.
Max. Min. Mean Max. Min. Mean 2001 10-yr avg.
Early 17.6 9.7 136 15.6 89 118 25.7 382
April Middle 185 103 142 177 102 138 2.5 23.3
Late 179 113 145 195 124 158 34.4 29.7
Early 203 139 166 209 134 160 16.3 38.3
May Middle  24.1 156 194 214 141 177 14 39.0
Late 225 172 194 227 158 190 87.7 17.6
Early 251 214 188 239 174 201 7.2 33.9
June Middle 253 221 19.1 247 185 214 57.2 72.7
Late 262 235 212 258 200 227 4544 71.6
Early 286 248 215 274 219 241 56.6 923
July Middle 301 264 235 293 236 262 57.7 34.8
Late 322 289 260 303 246 272 8.8 92.3
Early 318 284 257 304 251 277 1208 92.7
Aug. Middle 297 267 247 295 245 267 54.6 100.7
Late 284 254 227 288 235 260 58.5 96.5
Early 264 223 242 280 223 242 57.4 36.3
Sept. Middle 254 209 232 258 204 230 189 66.9
Late 246 193 218 240 187 213 334 95.0
Early 229 180 204 230 167 204 23.7 15.1
Oct. Middle  22.1 169 193 215 152 184 5.7 34.7
Late 215 162 188 195 136 165 94.4 25.9
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Table 3. Growth characteristics of kenaf grown at five plant densities

No. of Plant height No. of branches Stem diameter
plants (cm) (ea/plant) (mm)
per hill 1st” 2nd Avg. 1st 2nd  Avg. Ist 2nd  Avg
1 (16,0007) 187 165 176 34.0 23.0 28.5 17.5 16.8 17.2
2 (32,000) 203 168 185 23.5 21.1 223 14.2 13.4 13.8
3 (48,000) 200 166 183 21.3 19.2 20.3 12.8 133 13.1
4 (64,000) 197 162 180 17.1 14.7 15.9 10.2 9.3 9.77
5 (80,000) 177 154 166 15.3 12.5 13.9 9.1 7.7 8.38
Avg. 193 163 178 22.2 18.1 20.2 12.8 12.1 12.4
LSD (5%) 2 3 2 2.8 1.7 1.4 1.1 0.8 0.9
C.V. (%) 1 1 1 6.7 5.0 3.7 4.6 36 39
Coefficients of regression equations relating number of plants per hill
Intercept 169.94%* 158.86** 161.44*%*%  43.03** 2634** 33.92%*  20.59** 18.79** 18.92**
Linear 1.79* 0.49* 0.13*  -0.68 -0.17** -0.39 -0.21  -0.14** 0.01**
Quadratic -0.02* -0.01** -0.01* 4x107° - 2x107° 1x107* - -
Cubic - - ~ - - - - - -
r or R? 0.95 0.99 097 0.97 0.98 0.98 0.99 0.95 0.97
No. of No. of leaves Wt. of plants
plants (ea/plant) (g/plant)
per hill Ist 2nd Avg. 1st 2nd Total
1 (16,0001) 281 258 269 1,264 624 1,888
2 (32,000) 268 238 259 1,007 570 1,577
3 (48,000) 251 227 239 994 487 1,482
4 (64,000) 225 197 211 709 436 1,145
5 (80,000) 214 186 200 507 387 894
Avg. 248 221 234 896 501 1,397
LSD (5%) 19 7 12 43 8 44
C.V. (%) 4 2 3 3 1 2
Coefficients of regression equations relating number of plants per hill
Intercept 300.60** 276.37** 288.48** 1584.00 662.47 2246.47
Linear -1.10** -1.15%* —-1.13** -26.7 -1.28 -28.01
Quadratic ~ - ~ 0.42 ~-0.07 0.35
Cubic - - - -3x10°* 1%x107° -3x 1073
r or R 0.98 0.98 0.98 099 0.99 0.99

¥ Number of plants per 10a.
T1st, first cutting; 2nd, second cutting.
*, ** Significant at the S and 1% probability levels, respectively.
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Table 4. Yield characteristics of kenaf grown at five different planting number of plants per

hill

No. of Fresh forage yield Dry matter yield Crude protein yield

plants (MT/ha) (MT/ha) (MT/ha)

per hill Ist? 2nd  Total Ist 2nd  Total Ist 2nd Total
1 (16,000%) 652 39.0 104.2 9.0 5.9 14.9 1.09 0.83 1.95
2 (32,000) 714 43.2 114.6 10.1 7.2 17.3 1.29 1.02 233
3 (48,000) 553 37.0 923 8.1 5.6 13.6 1.05 0.84 1.92
4 (64,000) 319 214 53.3 5.3 3.6 8.9 0.70 0.58 1.30
5 (80,000 27.6 17.0 446 29 2.0 4.9 0.40 0.33 0.75

Avg. 503 315 81.8 7.1 438 11.9 0.91 0.72 1.65
LSD (5%) 1.3 04 1.3 0.4 0.2 0.5 0.06 0.04 0.07
CV. (%) 1.3 0.7 0.9 2.7 24 2.1 3.37 2.66 2.38

Coefficients of regression equations relating number of plants per hill

Intercept  84.69**  7.72 20.3 3.38 0.56 4.02 0.26 0.14 0.44

Linear  -0.72* 2.96 8.09 0.53 0.50 1.03 0.08 0.06 0.14
Quadratic - -0.07 -0.20 -001 -0.01 -0.02 2% 1073 -1X107 ~1x107*

Cubic - 4x107* 1x107* 1x107* 1x107* 1x107* 1x107% 1x107° 1x107°
for R 0.85 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
No. of TDN' yield NUE'

plants (MT/ha) (kg DM/kg N)

per hill 1st 2nd Total 1st 2nd Total
1 (16,000™) 3.35 2.65 7.79 51.5 44.6 48.1
2 (32,000) 3.85 3.29 9.21 49.0 44.1 46.5
3 (48,000) 3.14 26 7.41 47.8 414 44.6
4 (64,000) 221 1.73 5.05 47.2 39.2 432
5 (80,000) 1.25 0.95 2.83 45.5 36.9 41.2

Avg. 2.76 224 6.46 48.2 413 44.7
LSD (5%) 0.14 0.12 0.29 12 0.8 0.7
CV. (%) 2.62 2.89 2.36 1.3 1.0 0.8
Intercept 1.27 0.25 52.34*%* 42.8* 48.85%* 11.90**

Linear 0.19 0.22 -0.09** 0.21 ~-0.11** 0.02**
Quadratic -4x107° -4x107° - -7x107* - -

Cubic 1x10°° 3x107° - 4x107° - -

¢ or R’ 0.99 0.99 0.85 0.99 0.99 0.93

TNumber of plants per‘ 10a; Tlst, first cutting; 2nd, second cutting; 7 Total digestible extract;
¢ Nitrogen use efficiency.
* ** Sionificant at the 5 and 1% probability levels, respectively
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Table 5. Chemical composition of forage for kenaf grown at five different planting number of

plants per hill

No. of Crude protein Ether extract Crude fiber

plants (%) (%) (%)

per hill Ist? 2nd Avg. Ist 2nd Avg. 1st 2nd Avg.
1 (16,000) 12.1 14.0 13.1 29 3.0 3.0 48.6 337 41.2
2 (32,000) 12.8 4.2 13.5 3.1 33 32 48.1 321 40.1
3 (48,000) 13.1 15.1 14.1 33 34 34 47.1 312 39.2
4 (64,000) 13.2 15.9 14.6 34 3.7 3.6 40.9 30.8 35.9
5 (80,000) 13.7 17.0 15.4 3.6 3.8 3.7 39.7 30.2 349

Avg. 13.0 15.2 14.1 33 34 34 449 31.6 38.2
LSD (5%) 0.3 0.4 03 0.1 0.2 0.1 0.8 1.0 0.9
C.V. (%) 1.4 1.2 0.9 22 25 2.1 1.0 1.8 1.2

Coefficients of regression equations relating number of plants per hill

Intercept  11.90** 13.78%* 12.43**  2.75%* 2.84%% 2 84** 41.38  34.09** 39.26

Linear 0.02*%* 3X107° 0.04%* 0.01** 0.01** 0.01** 0.70  -0.05** 021
Quadratic - 5%x107* - - - - -0.02 - -0.01

Cubic - - - - - - 1x10°? - 4%x107°
Y or R 0.93 0.99 0.99 0.99 0.97 0.99 0.96 0.93 0.97
No. of Crude ash NFE’ TDN?

plants (%) (%) (%)

per hill Ist 2nd Avg. Ist 2nd Avg. Ist 2nd Avg.
1 (16,000") 10.1 8.6 94 12.9 272 20.1 37.2 45.0 41.1
2 (32,000) 9.8 8.6 9.2 12.9 28.1 20.5 38.1 459 42.0
3 (48,000} 9.6 8.5 9.1 133 27.8 20.5 39.0 46.7 42.8
4 (64,000) 9.0 8.1 8.6 19.2 27.1 232 41.6 475 44.6
5 (80,000) 8.6 7.8 82 20.0 26.3 23.1 426 48.2 45.4

Avg. 9.4 8.3 89 15.7 27.3 215 39.7 46.6 43.2
LSD (5%) 0.3 0.3 0.2 0.7 NS 0.9 0.5 0.5 0.3
C.V. (%) 1.8 22 1.2 2.4 2.6 2.1 0.6 0.6 0.4

Coefficients of regression equations relating number of plants per hill

Intercept  10.56** 8.95**  9.40** 20.76 - 23.08 38.60 44.26** 41.48

Linear  -0.23** -0.01* 3x107° -0.74 - -0.29 0.16 0.05**  -0.06
Quadratic - - =2x10°* 0.02 - 0.01 0.01 - 3x10°°

Cubic - - - 1xX107* - -5x107°  3x10°° - -2%x107°
r or R 097  0.87 0.99 0.93 - 0.89 0.98 0.99 0.99

"Number of plants per 10a; Flst, first cutting; 2nd, second cutting; ¥ Total digestible nutrients.;

“ Nitrogen free extract.

* ** Significant at the 5 and 1% probability levels, respectively; NS, Not significant.
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