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Effects of Planting Density on Growth, Forage Yield
and Chemical Composition of Rape
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Cho, Young-II**

ABSTRACT

Four cultivars of rape were grown at 5 planting densities in Cheju volcanic soil
to investigate the effects of planting density on major agronomic characters of
forage rape, Hallayuchae flowered earliest (180 days) while Sparta latest(191 days).
Days to flowering was reduced as planting density was decreased. The average
plant height of Sparta was 162.2ecm and that of Ramon and Youngsanyuchae was
1584 and 138.6cm, respectively, In 10X 10an planting density plot, plant height was
1525an and it was gradually decreased as planting density was decreased. The
number of branches, stem diameter, leaf length and leaf width of Ramon was
greatest, while those of Hallayuchae were least, These variables were increased as
planting density was decreased. Fresh forage yield (5,719kg/10a) and dry matter
yield (1,229kg/10a) for 10X 10cm planting density plot, were greatest, but those were
gradually decreased as planting density was decreased and those for 30X 30am
planting density plot were 4,232kg/10a and 906kg/10a respectively. Crude protein
yield and total digestable nutrient (TDN) per 10a was positively correlated with
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fresh forage yield and dry matter yield. Sparta produced the greatest fresh forage,
and Hallayuchae produced the smallest. Sparta had the highest SPAD reading value,
and Hallayuchae had the lowest. SPAD reading was reduced in proportion to

increased planting density. Sparta had greater crude protein vyield, and crude fat,

nitrogen free extract (NFE) and TDN contents and Youngsanyuchae and

Hallayuchae had lower contents while Youngsanyuchae and Hallayuchae had greater

crude fiber and crude ash contents and Sparta had lower contents. Crude protein

yield, and crude fat, NFE and TDN contents were decreased as planting density

was decreased, while crude fiber and crude ash contents were increased as planting

density was decreased.
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Table 1. Meteorological data in the investigated area.

Air temperature ('C) Humidity Precipitation
Year Month

Max. Min. Mean (%) (am)
1996 Oct. 207 119 159 80.8 103.0
Nov. 149 73 11.1 775 104.0
Dec. 113 28 68 745 614
1997 Jan, 6.1 -0.2 29 745 445
‘Feb, 9.1 09 47 717 16,5
Mar 124 37 8.0 735 63.0
Apr. 180 77 130 723 1510
May 241 132 184 740 88.4
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Table 2. Number of days flovering and SPAD reading values of four rape cultivars grown at five

planting densities.

Number of days to flowering

SPAD reading values

Planting
d4enstY  Ramon Spata Hala Youngsan Mean Ramon Sparta  Halla  Youngsan Mean
10X 10(289") 190 193 184 190 189 457 459 458 446 455
15x15(1211) 190 192 182 190 189 4.4 40 453 444 445
20%20(64") 190 191 181 189 188 4.1 437 428 430 434
25%25(36") 189 191 180 188 187 410 436 404 434 421
30X30(25") 188 192 177 188 186 410 430 400 423 416.
Mean 189 192 181 189 188 432 440 429 435 434
LSD(5%) (D06 (2)05 (3)11 (4) 11 (1) 03 (2) 01 (3)03 (4) 04
Coefficients of regression equations relating planting density (No. of plants per 33m')
Intercept 188.54 191.09 178.33 188.32 18548 4131 42.86 37,03 4268 40.25
Linear NS NS 0018*  0.0066* 0.029* NS  00091** 0081* NS 0041*
Quadratic NS NS NS NS -54E-05* NS NS  -0.00016* NS  -8E-05*
r or R 047 0.58 0.79 0.80 098 0.70 097 0.99 067 0.99

t : Number of plants per 3.3m.
(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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. 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 planting densities.
Planting Plant height (cm) Stem diameter {cm)
density Ramon Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
10x10(%") 160 167 140 143 153 L7 17 1.6 16 17
Bxisiah 160 162 143 140 151 18 18 17 17 18
x(647) 159 162 142 139 151 19 19 18 18 1.9
Bx5(%") 157 160 140 136 148 20 20 19 19 20
WA 156 160 139 135 148 21 22 21 20 21
Mean 158 162 141 139 150 19 19 18 18 19
LSD(5%) (1) 04 (2) 01 (3) 03 (4) 05 (1) 01 (2) 01 (3) NS (4) NS

Coefficients of regression equations relating planting density(No. of plants per 3.3n)
Intercept 15418 15916 13682 13538 14806 2.05 2.10 20 195 208
Linear 0.062* 0023** 0072* 0025* NS  -00012* -00014* NS  -00012* -0.0015*
Quadratic -0.00013 NS  -000019* NS NS NS NS NS NS NS
fo R 095 0.96 NS 0.86 0.75 0381 0.71 0.71 0.81 0.92

t :Number of plants per 3.3,

(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,
o) fEfeEsl 2 EK Bged, FEAFE AqLEs 7HE
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Table 4. The number of branches and leaves of four rape cultivars grown at five planting densities.

Planting The number of branches per plant The number of leaves per plant
density Ramon Sparta Halla  Youngsan Mean Ramon Sparta Halla  Youngsan Mean
10X10(286") 10.1 139 11.1 101 11.3 28.0 297 321 300 300~
15x15(121") 116 131 116 105 117 300 319 M7 308 319
X264") 118 132 119 11.0 120 30.2 319 3438 316 321
BXB(%) 110 148 12.6 115 125 319 330 349 320 330
PN 125 14.8 12.1 120 129 320 349 350 338 339
Mean 114 14.0 119 11.0 1211 304 323 343 316 322
LSD(5%) (1) 03  (2) 0.1 (3) 03 (4) 04 (1) 03  (2) 01 (3) 03  (4) 04
Coefficients of regression equations relating planting density (No. of plants per 33n)
Intercept 12.19 15,91 12.40 11.74 12.69 32.10 34.11 35,59 3293 3368
Linear NS NS -00042* -00056* -0.0047* -0013*  -0014* -00099** -0.010* A -0.012*
r 065 0.81 079 078 0.78 0.89 0.79 093 0.69 0.88

t : Number of plants per 3.3m.
(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.

x %%

: Significant at 5 and 1% probability levels. respectively.
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Table 5. Leaf length and leaf width of four rape cultivars grown at five planting densities.

Planting Leaf length (cm) Leaf width (cm)
density Ramon Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
oxioz) 346 326 296 315 321 161 121 144 119 136
sxst) 352 338 312 324 332 163 133 146 130 143
0x0(64')  36.0 339 347 333 M5 17.0 143 148 138 15.0
sx%(%) 364 349 355 346 354 17.7 151 149 140 154
") 370 348 36.4 355 357 179 16.3 151 146 16.0
Mean 358 340 335 335 342 170 142 148 135 149
LsSD(5%) (1) 03 (2) 01 (3) 03 (4) 04 (1) 03 (2) 01 (3) 03 (4) 04
Coefficients of regression equations relating planting density(No. of plants per 3.3ni)
Intercept 36.79 34.96 36.43 36.73 37.06 18.74 1582 15.03 1456 1659
Linear -00073* -00074* -0023* -0044* -0036** -0024** -0012* -00021* -00085** -0022*
Quadratic NS NS NS 84E-05 63E-05 48E-05* NS NS NS NS
rfo B 084 0.90 0.86 0.97 0.99 099 0.83 0.85 094 0.98

t : 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.
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. Significant at 5 and 1% probability levels, respectively.
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Table 6. Fresh forgae (FF) yield and dry matter (DM) yield of four rape cultivars grown at five
planting densities.

Planting Fresh forage yield (kg/10a) Dry matter yield (kg/10a)

density  Ramen Sparta Halla Youngsan  Mean Ramon Sparta Halla Youngsan  Mean

Oxo9) 5900 7.208 4,702 5,102 5728 1223 1537 1109 1146 1231

sxnsa’) 5027 6.607 4,143 4427 4916 1079 1.255 870 944 1037
ps) 4647 5497 3823 4,087 4514 982 1118 829 864 %48
wxsy) 432 5.207 3,603 3807 4109 930 1.401 766 812 887
sy 4192 4707 3494 3664 4014 908 993 745 791 859
Mean 4817 5.845 3953 4217 4656 1.024 1.261 864 911 992
LSD(5%) (1) 1265 (2) 637 (3) 1425 (4) 1747 (1) 39 (2272 (3) 608 (4) 575

Coefficients of regression equations relating planting density(No, of plants per 3.3n)
Intercept  4329.93 595959 3558.09 384484 442321 863.05 122325 755.86 806.54 931.50

Linear 472°** NS 417* 364* 432* 2:28** 1.13* 093* 0.97°** 097*
Quadratic NS NS NS NS NS -0.0038** NS NS NS NS
ror R 094 062 081 084 0.81 099 07 085 094 0388

t : Number of plants per 33nd.
(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 7. Crude protein yield and total digestible nutrient (TDN) yield of four rape cultivars
grown at five planting densities.

Planting Crude protein yield (kg/10a) TDN vyield (kg/10a)

density Ramon Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean

10%10(289") 132 182 97 104 129 673 891 544 609 679

sxsih 150 144 80 84 106 587 719 457 492 564

X20(64") 99 122 73 74 92 516 610 429 438 498

mus) 86 14 64 6 80 477 551 377 399 451

XD 80 96 60 63 75 460 515 362 380 429
Mean 102 130 75 78 96 541 657 434 464 524

LSD{5%) (1) 25 (2) 29 (3) 65 (4) 61 (1) 149 (2) 149 (3) 333 (4) 322

Coefficients of regression equations relating planting density(No. of plants per 3.3m)
Intercept 8550 12064  61.74 63.94 8297 . 41687 64006 37089 39082 470.00
Linear 0.15* 0.22* 012* 012** 015* 173** 089* 0.61*  064** 0.69*
Quadratic NS NS NS NS NS -0.0030** NS NS NS NS

ror R* 083 0.80 0.86 092 0.85 0.99 0.80 0.83 0.92 0.86

t : 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.
*, ** : Significant at 5 and 1% probability levels, respectively.
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Table 8. Crude protein and ether extract content of four rape cultivars grown at five planting deﬁsities.

Ether extract (%)

Planting Crude protein (%)
density Ramon  Sparta Halla Youngsan Mean Ramon  Sparta Halla Youngsan Mean
oxioy) 108 118 95 91 103 40 50 41 37 42
sxisa’ 107 115 92 838 100 38 48 39 35 40
o6 100 109 88 85 96 32 39 36 30 34
wx5%) 93 100 84 80 89 30 34 29 26 30
wxpis) 88 97 8.0 79 86 29 32 27 24 28
Mean 99 108 88 85 95 34 41 34 30 35
LSD(3%) (1) 02 (2) 01 (3) 03 (4) 03 ()02 (2)02 (3) NS (4) NS
Coefficients of regression equations relating planting density(No. of plants per 3.3nf)
Intercept  7.95 8.82 755 796 797 290 235 212 187 220
Linear  0.028* 0.027* 0017*  00038* 0021* 00037* 0023** 0018* 0016** 0017**
Quadratic  -6E-05 54E-05 -3.2E-05 NS -41E-05 NS -46E- -38E-05 -31E- -34E-
rorR® 099 0.98 098 0.80 097 083 099 0.95 0.99 099

1 : 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 9. Crude fiber and crude ash content of four rape cultivars grown at five planting densities.

Crude fiber (%) Crude ash (%)

Planting

density  Ramon  Sparta Halla Youngsan Mean Ramon  Sparta Halla Youngsan Mean
oxist) 318 301 325 323 317 114 110 127 120 118
sxs) 320 300 328 25 3138 116 113 129 127 121
XN 330 319 334 330 328 119 117 129 129 124
xass) 338 322 M6 M3 387 123 120 138 133 129
DXN(E") 340 335 M9 A7 343 125 123 140 139 132

Mean 329 315 336 334 329 119 117 133 130 125
LsD(s%) (1) 02 (2) 02 (3) 03 (4) 03 (1) 01 (202 (3) NS (4) NS

Coefficients of regression equations relating planting density(No. of plants per 3.3m)

Intercept  35.09 3489 3596 35.77 35.46 12.90 13.74 13.74 13.66 1299

Linear -0.030** -0048* -0.032* NS -0.036** -0013* NS NS -0.0054* NS
Quadratic 6.0E-05 NS NS NS 76E-05 26E-05* NS NS NS NS
r or R? 0.99 0.96 0.96 094 0.99 0.99 0.55 033 083 0.72

¥ : 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 10. Nitrogen free extract (NFE) and total digestible nutrient (TDN) cnotent of four rape
cultivars grown at five planting densities.

Planting NFE (%) TDN (%)

density Ramon Sparta Halla Youngsan Mean Ramon Sparta Halla Youngsan Mean
10x1008') 419 420 411 429 420 551 58.0 534 531 549
Bxsa) 419 425 412 424 420 544 573 526 521 541
oxpe) 418 416 412 425 4138 526 546 518 508 525
Bx5i%) 416 425 403 417 415 513 530 492 49.2 50.7
oxp(x) 418 413 404 411 412 507 519 486 486 498
Mean 418 420 408 421 417 528 550 511 50.8 524
LsD(5%) (1) 03 (2) 03 (3) 06 (4) 06 (1) 04 (2) 03 (3) 07 (4) 07

Coefficients of regression equations relating planting density(No. of plants per 3.3nm)

Intercept 41.72 4185 4056 4151 40.90 5758 6156 5632 5588 4781
Linear NS NS NS NS NS -0.24** -033** -026** -026** 0.062**
Quadratic NS NS NS NS NS NS NS NS NS  -00001°

12 or R2 040 004 033 0.62 094 0.97 097 0.94 0.99 0.99

t : 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.

FZ ©4& 7184 FAALELS Sparta 7} 55% 2 & HolAdoy, FAikHAst
7t 42%2 B3, VARFAI 408%E 50.8% 2 sttt TDN 2% 7184
ottt A A5 o MEA ALE AAE W3le} vlay Ao,
2 10X10em® 15x15em HE A 7} 10X10an A A FNA 549%FH Ho)
Z} 42% 9o, Y= FHoj P A2 A7t JojFel wpe} ol A 30
2t AH2E dolAAM 30x30am A4 X30em ZAFANA 7hA3 Xy Fae
FAAN 7184 ALELE 41.2% 9 49.8% Qo

EFF HF 7143 4F FF2 Sparta
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z =

Fle AAExed detry 43
AL 9 FFHL AFsE & 299
$]2 U (Cho T, 1998; Sheldrick %}
Lavendr, 1981),

H 5(1990)e 23t HFAE LYy
X FEAF A+ T9Y F2 AL
Aot HoY HeFHFE F7HEHUG
2 3lH 29, Toxopeus® Boonman
(1983) 2 fAlls AN AL 4
AAML, FZFE Zolaidy 3IQZ, #
5(1988) & fAlle YAEFE 4, o
2 3373 ¢ A5 59 RE ¥4
iy oy, 238 HdyFe
ZHE Tk R Ech

E dFedAM Fae 2L 10x10
an A2 oA FHAF AU, AYgUE
7t HolPel wet AxtFyoz A9
I, BAF A, 4% € 9% 59
FALE AYLEI HAAFE A3}
A Ydedy =, ol 22 AFfE
ANDE7E Aol dat faie 8
AT 59 F2 YIS $AsAAGE
# S(1990)3 Toxopeus®} Beonman
(1983)9] By o} YA HE 7oAt

M7 7tA] A5 fF g @LF
g oY% = F(1998), # F
(1990) 8] B1x gled, € Agadyx
M7 dFe ANTZIE ForA
od wa 9%s5o] Cho 5(1998)3 #
$(1990) 9] dx A7t A9 487
7t 8 dFE @AY By o
A & ot

Qg FAle LYFAN Ao
F38%L T BolldE HIE B

ofN rle

2 d) (Toxopeus®}t Boonman, 1983: Cho
5. 1998), ¥ Al E 10x10am A
A M 2L oI, Hd+g %
AEFZLE BRoU AREs FHo
Ao wat AxHoZ ZAHUL o9}
ZE H3lsE fAle YA FAdM RAE
AX, AEFFT WolAHTE Cho
(1998) 7 # 5(1990)2] By 7+
74 gol Ut

AMALE BE Fay FA w3
R4 ¥ s3FH wsE

flo ofn

of FYPAdAd S e o
F& o4 Av, 2AHE WEdE A
¥ vAA (R F. 1992).
Trung®} Yoshida(1985)% AlEZE 9
UE A3Es E719 SAFZE 713 A
oA, ZHRTZe] Fddy
go9, & 5(1992)2 Sorghum-
sudangrass hybrid®] A4 YE 7} ST}
d wz zYyad F XAH4EE Zd
oy o

T % Masaoka® Takano(1980)= 2
279 9x F7ls A EA FAT
ME k3o e AU
o] ¥olA A3tgo] AH®EdT B
Fil=3

2+ AE A4 zauAdsd 2wy
Fo ANIYEsL Woiyol wat Fas
AEolUeY ZMFs Z3EYF
ALY HolPeol wa 238
ZaHAD ALYz F3H A o
Zzad & F7EY AR
ol tl= Masaoka®t Takano(1980),
2 5(1992)°] Byt ¥ ZA Axe
A A 3k ot

of o% ¥ r|r

O]

rlo rir
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B R

€ IdFE AFT QoA gAY

Zo @& HofFae W& -5F 2

ZARE F%371 9%« Ramon,

Sparta, &etFa 2 FAFA §F 4FF

< FA13 19961 10¥H-E 19973 6

Y7tA FP3Hen, 1 AHE 2943

W o3 2o

1. EFd & Zt AN Fekd
A7 180¥ 2 7HA # gk Y Sparta:s
19192 %2 "HolUd. 73717A|
o dFe AIEEs HolFd
gt 9= F¥goldh

2. 54 Ha 2L Spartazl 1622
mZ ZAed, I 42 Z Ramon
o] 158.4m%A Y, FAFAE 1386
2 7HE @k 23 10x10am A
A A 1525mZ AU}, 22
Yx7t HolFe wel Hadgoz
BolAA 30x30am A2 Fo] A=
147.5an g ¢}, _

3. FF W& ¥HAFALE 7 A roAN
Ramono] M 3stg 3, §ekf271 A
Z3Ac FEAF, AAA, 9% 2
HE T ¥FL AAYTI FHo
ol uie} M7 Ao,

4. 1023 HA+ZF VEFZFL
Sparta7} B3, FAFA7 QY
ot 1023 HAFFHd AEFZS 10
X 10em 4] ol A zZtz} 5719, 1,229
ko2 7HE BRow, AAPYE7}
oo ma HaHog ZHiHo
30X30am Y FANA 10aF HA
FL 4,232kg, 10aF AEFZEL 906
kg2 Wik 1029 9¥A

_4] -

. 534Y 993, A%, NFE ¥

¥ hast FE 3IE AA52 o
AEFF waksh wia s
34 W@ 9%

(44.0)7F &3, HM(429)7F @
Rk FEL SHAE 10X10em A
A 7oA 4552 FL Ho|go,
ANDE7E HolFo wal HHo
2 oA A 30Xx30cm A FoME
41.6°1 4},

o rir do

TDN %232 Sparta’} 1. o
w Ao getfAl st doken, ol
N E ZHRY 3P EFS o
Fah ot ghekf A7t %X, Spartart
wokth 2993, =AY, NFE ¥
TDN & %2 AMAYE7L HolH
uel FxHo 2 AASNAR. ZHF
o ZHEFFS AYEI} HWolR
of wat 2313 Fristdt

[ [
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