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Effect of Number of Plants per Hill on the Growth,
Forage Yield and Chemical Composition of Rape

Cho, Nam-Ki* + Yu, Chul-Su* - Kang, Young-Kil* -
Song. Chang-Khil* - Cho, Young-II**

ABSTRCT

Four rape cultivars were grown at 1 to 5 plants per hill to investigate the effects
of the number of plants per hill on major agronomic characters of forage rape in
Cheju volcanic soil. Days to flowering of Sparta was 191 days, those of Ramon and
Youngsanyuchae were 189 and 188 days, respectively. And that of Hallayuchae was
180.3 days. Days to flowering .decreased as number of plants per hill was increased.
Sparta was tallest(153.6cm), while Hallayuchae was shortest(131.8cm). Plant height
with three plants per hill(155.3cn) was longest, while with 5 plants per hill(131.8cm)
was shortest. The number of branches, stem diameter, leaf length and leaf width
gradually decreased as the number of plants per hill were increased. Sparta had the
greatest fresh and dry matter, total digestible nutrient(TDN) and crude protein
yields, while Hallayuchae had the least. Fresh yield were greatest(7,544kg) at the
three plants per hill. Dry matter TDN, and crude protein yields were also
greatest(7,544kg) at the three plants per hill. Ramon had the greatist SPAD
reading(44.7) while Youngsanyuchae had the lowest(40.7). SPAD reading were
highest(44.1) in the one plant per hill plot but decreased as the number of plants

per plant was increased. Sparta had greater contents of crude fiber and crude ash,
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but Hallayuchae and Youngsanyuchae had lower contents. The content of crude

protein, crude fat, nitrogen free extract(NFE) and TDN were increased as number

of plant per hill were increased. But the contents of crude fiber and crude ash were

decreased as the number of plants per hill was increased.
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Table 1. meteorological data in the investigated area.

Air temperature ('C) Humidity Precipitation
Year Month
Max. Min, Mean (%) {mm)
1996 Oct 207 119 159 80.8 103.0
Nov 149 73 111 775 104.0
Dec. 113 28 6.8 745 61.4
1997 Jan, 6.1 -0.2 29 745 445
Feb. 9.1 09 47 71.7 16.5
Mar, 124 37 8.0 735 63.0
Apr, 18.0 7.7 13.0 723 1510
May 241 132 184 74.0 884
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Table 2. Number of days flowering and SPAD reading walues of four rape cultivars grown at five

seeding in spot.

Number of days to flowering

SPAD reading values

No. of
plants
per hill Ramon Sparta Halla. Youngsan Mean Ramon Sparta Halla Youngsan Mean
1(53") 188 191 178 188 186 451 448 426 437 441
2(106°) 188 192 180 188 187 450 448 427 430 439
3(158°) 190 192 180 189 188 453 440 425 398 429
4(211%) 190 192 181 189 188 47 434 418 388 422
5(264%) 191 192 183 190 189 434 428 407 382 413
Mean 189 192 180 189 187.60 447 440 421 407 429
LSD
(1) 08 (204 (3)10 (4)12 (1) 03 (2) 02 (3) 04 (4) 04
(5%)
Coefficients of regression equations relating seeding in spot
Intercept  187.06 190.66 177.34 187.30 185.60 4581 4558 42.02 4526 4502
Linear  0.015* NS 0.019* 0.50* 0.012** NS -0.010** 0015** -0.029** -0014**
Quadratic NS NS NS NS NS NS NS -T4E-05** NS NS
r or R 0.87 077 0383 0.89 095 0.60 0.95 099 093 097
: Number of plants per 3.3mf.
(1) Between cultivar means.
(2) Between planting density means.
(3) Between planting density means for the same cultivar.
(4) Between cultivar means for the same or different planting density means.
* **+ : Significant at 5 and 1% probability levels, respectively.
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Table 3. Plant height and stem diameter of four rape cultivars grown at five seeding in spoot.

No. of Plant height (cm) Stem diameter (cm)
plants

. Ramon  Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
per hill
1(53*) 140 142 128 135 136 20 22 20 19 20
2(106%) 154 160 140 146 150 19 21 19 17 19
3(158%) 160 169 144 148 155 18 19 17 16 18
4(211%) 150 157 137 147 148 16 17 14 13 15
5(2647) 137 140 119 131 132 15 16 13 13 14
Mean 148 154 134 141 144 18 19 17 1.6 17
LSD(5%) (1) 02 (2) 02 (3) 04 (4) 04 (1) 01 (2) 01 (3) NS (4) NS

Coefficients of regression equations relating seeding in spot
Intercept 11620 11020 10440 11500 11148 215 238 2.23 204 222
Linear  055* 0.73* 0.54** 0.45* 0.56** -0.0025** -0,003** -00036** -0.003** -0.0034
Quadratic -00018* -0002* -0002** -00015% -00019** NS NS NS NS 15E-06
ro R* 098 0.98 0.99 097 0.99 0.98 0.98 0.97 0.94 0.99

* ¢ Number of plants per 3.3nf.

(1) Between cultivar means.

(2) Between planting density means,

(3) Between planting density means for the same cultivar.

(4) Between cultivar means for the same or different planting density means,

* k%

R . Significant at 5 and 1% probability levels, respectively,
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Table 4. The number of branches and leaves of four rape cultivars grown at five seeding in spot.

No. of The number of branches per plant The number of leaves per plant
plants

per hil Ramon  Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
1(53°) 124 130 10.1 112 117 36.0 388 322 344 354
2(106°) 123 127 10.0 105 114 350 365 269 304 322
3(158*) 121 122 9.6 10.2 110 315 347 223 303 297
4(211°) 114 117 91 98 105 30.8 343 20.7 223 270
5(264°) 108 109 89 92 100 271 286 203 202 241
Mean 118 121 95 102 109 321 346 245 275 29.7
LSD(5%) (1) 02 (2) 02 (3) 03 (4) 04 (1) 02 (2) 02 (3)04 (4) 04

Coefficients of regression equations relating seeding in spot

Intercept  13.03 1361 10.53 1159 12.18 3868 41.36 39.88 38.47 38.00
Linear -0.0078* -0.0097** -00063** -00089** -0.0081** -0.04** -0043* -016** -0069 -0053**
Quadrati NS NS NS NS NS NS NS 0.0003* NS NS
ro R 090 097 096 098 099 0.96 0.89 099 0.92 0.99

“ © Number of plants per 3.3nd.
(1) Between cultivar means,
(2) Between planting density means.

(3) Between planting density means for the same cultivar.
(4) Between cultivar means for the same or different planting density means.
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Table 5. Leaf length and leaf width of four rape cultivars grown at five seeding in spot.

No. of Leaf length (am) Leaf width (cm)

plants

per hil Ramon Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
1(53*) 346 30.0 297 328 318 141 124 137 138 135
2(106°) 321 309 285 320 309 140 116 133 135 131
3(158') 310 304 28.3 318 304 135 114 129 122 125
4(2111) 301 290 280 30.0 293 130 109 124 117 120
5(264*) 278 26.7 26.1 278 271 12.8 107 123 115 118
Mean 311 294 281 309 299 135 114 129 125 126
LSD(5%) (1) 0.2 (2) 02 (3) 03 (4) 04 (1) 02 (201 (3)03 (4) 03

Coefficients of regression equations relating seeding in spot

Intercept  35.80 28.30 3043 34.48 3317 14.56 12.63 14.03 14.46 1393
Linear -003** 0.043** -0015* -0023* -0.02** -0.0068** -0.0078** -0,007** -0012** -00085**
Quadratic' NS -000019** NS NS NS NS NS NS NS NS
rfoR 097 099 088 0.90 0.93 0.96 0.94 097 093 097

* ! Number of plants per 3.3ni.
(1) Between cultivar means.
(2) Between planting density means.

(3) Between planting density means for the same cultivar,
(4) Between cultivar means for the same or different planting density means,
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Table 6. Fresh forage(FF) yield and dry matter(DM) yield of four rape cultivars grown at five séeding

in spot.

No. of Fresh forage yield (kg/10a) Dry matter yield (kg/10a)

pilfnhtj] Ramon  Sparta Halla Youngsan Mean Ramon  Sparta Halla Youngsan Mean
1(53*) 5162 6,690 4,125 5165 5,286 1,032 1,338 908 1,136 1,104
2(106*) 6.862 8,162 4,750 6,007 6,445 1,374 1,633 1,045 1,320 1,343
3(158°) 7.720 9,016 5,027 6453 7,054 1,544 1,803 1,106 1,420 1,468
4(211°) 6467 7,294 4407 5667 5,959 1,293 1,459 970 1,246 1,242
5(264%) 4.963 5.733 3816 4,487 4,750 993 1,147 840 985 991
Mean 6,233 7,379 4,425 5,556 5.899 1,247 1,476 974 1,221 1,230
LSD{5 (1) 1990 (2) 79.2 (3) 177.1 (4) 2483 (1) 963 (2) 656 (3) NS (4) NS

Coefficients of regression equations relating seeding in spot

Intercept 184054 486280 299734 248940 3049.77 36666 97226 65996 54742 637.02
Linear NS NS NS NS NS NS NS NS NS NS
Quadrati NS NS NS " NS NS NS NS NS NS NS
rfo R 071 0381 0.80 091 0.82 0.71 0.81 080 091 0.83

* : Number of plants per 3.3nd.
(1) Between cultivar means.
(2) Between planting density means,

(3) Between planting density means for the same cultivar.
(4) Between cultivar means for the same or different planting density means.
* ** : Gignificant at 5 and 1% probability levels, respectively,
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Table 7. Crude protein (CP) yield and total digestible nutrient (TDN) yield of four rape cultivars

grown at five seeding in spot.

Crude protein yield (kg/10a)

TDN vyield (kg/10a)

No. of

plants

per hill Ramon  Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean

1(53+) 110 152 82 98 111 571 749 469 577 592

2(106") 151 204 100 119 144 775 941 552 690 740

3(158*) 193 250 109 136 172 897 1069 599 750 829

4211°) 168 205 103 136 153 793 895 553 687 732

5(264%) 131 165 93 109 125 618 713 493 560 596

Mean 151 195 97 120 141 731 873 533 653 698

LSD(5%) (1) 121 (2) 70 (3) 157 (4) 180 (1) 582 (2) 368 (3) 823 (4) 911

Coefficients of regression equations relating seeding in spot

Intercept 1324 7267 53.79 30.79 4266 164 41 496.85 32352 249,10 308.70

Linear NS NS NS NS NS NS NS NS NS NS
r 0.70 0.79 0.82 088 0.81 0.72 0.81 0.79 091 082

* ! Number of plants per 3.3nf.

(1) Between cultivar means,

(2) Between planting density means.

(3) Between planting density means for the same cultivar,

(4) Between cultivar means for the same or different planting density means.

*, ** : Significant at 5 and 1% probability levels, respectively.
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Table 8. Crude protein {CP) and ether extract (EE) of four rape cultivars grown at five seeding in spot.

Ether extract {%)

No. of Crude protein (%)

plants

per hill Ramon  Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
1(53°) 107 113 9.0 87 99 47 49 40 36 43
2(106") 11.0 125 95 90 105 438 52 43 39 46
3(158") 125 139 99 96 115 50 54 47 41 438
4(211°) 130 140 106 109 121 5.7 59 54 43 53
5(264%) 132 144 111 11.0 124 6.0 6.1 57 47 56
Mean 121 13.2 10.0 98 113 52 55 48 41 49
LSD(5%) (1) 01 (2) 01 (3) 03 (4) 03 (1) 01 (2) 01 (3) 03 (4) 03

Coefficients of regression equations relating seeding in spot
Intercept 998 1091 843 789 929 419 457 347 334 383
Linear 001* 0.015*  0.01**  001** 0013** 00066** 0.0059** 00085** 0.0049** 0.0065**
r 0.92 0389 099 - 093 0.98 0.92 098 098 0.98 098

* : Number of plants per 3.3n.
(1) Between cultivar means,
(2) Between planting density means.
(3) Between planting density means for the same cultivar,

(4) Between cultivar means for the same or different planting density means.

* ** . Significant at 5 and 1% probability levels, respectively.
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Table 9. Crude fiber and crude ash content of four rape cultivars grown at five seeding in spot.

No. of Crude Fiber (%) Crude Ash (%)

plants per
hill Ramon  Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean

1(53") 3L1 320 339 335 326 127 120 137 139 131
2(106*) 300 311 335 323 317 122 118 131 134 126
3(158%) 289 298 331 320 310 118 12 12.8 135 123
4(211") 271 280 319 313 296 103 107 117 120 112
5(264*) 269 217 305 300 2838 100 104 110 115 107

Mean 288 297 326 318 307 114 11.2 125 129 120
LSD(5%) (1) 02 (2) 01 (3)02 (4) 03 (o1 (201 (3)03 (4) 03

Coefficients of regression equations relating seeding in spot

Intercept 3219 3323 3510 34.22 3372 1359 1251 1450 1472 1382
Linear -0021** -0022** -0016** -0015** -0019** -0.014** -0.0081** -0013** -0012* -0011**

r 0.96 097 092 0.96 0.99 0.94 098 097 0.83 095

* ¢ Number of plants per 3.3nf,

(1) Between cultivar means,

(2) Between planting density means,

(3) Between planting density means for the same cultivar.

(4) Between cultivar means for the same or different planting density means.

*, **  Significant at 5 and 1% probability levels, respectively.
t}) NFE$} TDNZ & Aot SpartaZt WA JeErNc 7HEA
frilel NFE % TDN¥Z ¥s& FALEL FF 12704 400%2 7}
10914 ¥ el 7o Z A vegdy ded, 25471 Bol
F3%Wd 78 FE4E2 Ramon Aol e} dHo g2 Zsl5o], 37 5
°] 425%% 7H¥ wA JEI%E, 94 BRAME 424%2 713 4. E2
A7t 413%2 vy ¢ See H stast dEFFE Spartazl 5938
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2 7b% #9+3, Ramon®] 587% & 1 Bo ©E 7148 FRFAL s}LA
o)y, fAe FHAE 747 5
548%9 536% 2 YA Jegyd F3

Table 10. Nitrogen free entract (NFE) and total digestible nutrient (TDN) content of four rape
cultivars grown at five seeding in spot.

No. of NFE (%) TDN (%)
plants per
hill Ramon  Sparta Halla Youngsan Mean Ramon  Sparta Halla Youngsan Mean

408 39.7 393 403 40.0 55.3 56.0 516 508 534

1(53")
2(106%) 421 354 395 413 406 56.4 576 528 522 548
3(158") 418 39.7 395 40.8 405 58.1 593 541 5238 56.1

4(211%) 439 414 404 415 418 61.3 61.3 57.0 55.2 587

4338 414 417 4238 424 62.3 62.2 587 56.8 60.0

5(264")
Mean 425 403 401 413 411 587 59.3 548 536 56.6
LSD(5%) (1) 03 (2) 03 (3) 06 (4) 06 (o1 (2)02 (3)05 (4) 04

Coefficients of regression equations relating seeding in spot
Intercept  40.17 3872 3842 39.83 39.28 53.0 54 45 4939 49.07 5148
Linear 0015* NS 0011* . NS 0011*  0036** 0030** 0034** 0028** 0032**

r 0.34 0.74 081 0.75 0.83 0.97 099 097 097 098

* . Number of plants per 3.3nf.

{1) Between cultivar means,

(2) Between planting density means.

(3) Between planting density means for the same cultivar.

(4) Between cultivar means for the same or different planting density means.

* ** . Significant at 5 and 1% probability levels, respectively.
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