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Summary

'Evegradies 71’ kenaf (Hibiscus cannabinus L.) was grown at 160,000
plants per ha in a volcanic ash soil in Jeju island to determine the
optimum frequency of split N application for forage production. Nitrogen
fertilizer was applied with 240 kg/ha, and frequencies of the split N
applications were 1, 2, 3, 4 and 5 times. Plant height averaged across two
harvests increased from 187 to 201 cm as N was split-applied from one to three
applications and then decreased to 201 cm in five applications. This pattern held
for the number of branches and leaves per plant, stem diameter and weight
of plant per plant. Fresh forage yield increased from 91.8 to 114.2 MT/ha,
dry matter yield from 12.70 to 16.6 MT/ha, crude protein yield from 1.75
to 2.48MT/ha, and total digestible nutrients (TDN) yield from 5.39 to 7.63
MT/ha as N was split-applied from one to four applications, and then
decreased to 106.6, 15.0, 2.32, and 7.22 MT/ha in five applications,
respectively. As N was split-applied from one to five applications, crude
protein content increased from 13.8 to 15.4%, ether extract content from
41 to 5.9%, and TDN content from 424 to 48.1%, but crude fiber
decreased from 38.2 to 37.1% and crude ash content from 11.5 to 8.6%.
Nitrogen free extract content was about 19.0% regardless of cutting
height.



Frts dABZEAEEZA FH[Ho] v =3, Austr|7E &olg A=
el A A At (Miyazaki &, 1995). 53] &kl 1> dwzstefo] wj9-
3(25%uW9]), DCP 14%, TDN &2 63%= =S¥ olygl 43le®
AR EFE wg F=7] wEd 24 5 UFSAIER o] &UHXTE g =
22 RiF o] ti(Bhardivig &, 1995; Hollowell &, 1996).

Frkel ol gk Aujd ol wiitel W= Q1% U Fw o5 AlA oAy

Eorr
o Wt kb hu

R

2K

gholl A W WA &utE Awista i, TS HAIREE o] &str] 9
A Fa ol #e A= oA AFAE 9ste] AL 9 vk(Salih,
1978, = %5, 2001*). % (2001 ¢latdl FupS AlgzE= Aud 4S5
FE2A 7= 49 2597, AATE 50 enx17 en®E a3, A 200 keg/ha
ARl Aol drte] FHAAS TUAZE At ST 53] AlsAES
A =715 ol HAHOE AujE7] wiEol FAAE Hlste] KT
HE AAE Uiro AHlste Aol Ass"s S7HIHE Raix Qo H
daE AFAGA 200 kg/hael AAS 33 EAA(Z 5, 20019, AE

T Hollg Al 240 kg/ha BAE 47 43 EAo A AR HE =

(¢}
OE]
5 oAva Atz §, 1999; = %5, 2001"). & A Je] M= Edwards &
(1971)2 SudangrassZl &l A, Johnson#} Cumins(1967)2 FFFollAl, &
ABg7t B s AlRSES SHEAT L stloy, gt oA d A
H] 3] o] tigk A= de o] Foizxl b gl

webA 2 AlES AFEe o] Aol Bal, ¢, e ol
SIS Eol| Al AAEA] 3] gl uE I =
At A FE 71, EG T8 S 2AAAM AR 918 Frke] A4

daAm s Fetaat skt
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Aivae AFRAEY SR L8R AdAAdA A o
= Ao® HauE drtH(Songin, 1985).
= 9 278 ALEAHoE AwjET] wie] ASTHAEE TS
Fol AAnEE Wiro] AHlste Aol AR FEdS SR B
= Bk 72199%)e ot fAle= FAHREE 150 kg/hal 2 3Fo] 30%+
ZIR = AHlskar, A 70%E 23]o vro]l ARl Aol Frhal shdo
W, 2 5(1999)2 FdulelA 200 kg/haA A2V EE 33 ZAAA, A<
Ag = 250 kg/had] é‘i% Z}7} 43] FEAJo| A, SudangrassA FHE2 250
kg/ha®l AArE 53] FAlA Ax B AxFIFE Fdow, 2aWd x4
ek Z7}QM—J+ Z3 e 25y HAHJTL sAHE T,
2001). Marten(1985)2 Reed canarygrassolA], Edwards % (1971)2 Sudangrass
o A, Johnson®} cummins(1967)= 7oA HAREAl 3]57F Boldd o}
g AAs o] FUHEATLL Bastdd, AlERE S dFH ¥ IFH7|W 9
A gl osto] AAFo] WAL Aol o] FolA 7] ufitel o] A]7]e
ArE EAlekE Aol A5 AMEE FAE F At s a(e] &,
1993), &3} HxAo oAM= w3 oFH F FAlsk= Il
135 ol&xwdl, A= w3 43 & ZAe= 2ol Fva 3 ©](1980)
= Bastaith
Miller 5(1964) Sorghumell 438hi= 2 AaEAd 2 ste] 7o) F
Ao, A9y FF UZ}E}H =2 = 5
Cummins(1967)= FFFolA AAEA 371 4~65 OV?} A&EA] gon
2 FEo B2 #FE Al o’é}ﬂa‘m_ 124 olH o A5
A Fetr] wiEel %/\]3P: Aol mIA okl
o)

ot

KX
=

ol
el

i

McCloud(1962)+= AATHFAEL gy HZx57F
Boun=w FAZE ypAo|etal 0} Atk 18]al o] 5(1986)L E-Ex Ao A A
2HEE BUH], #5EA, 7 HHE SE S W, A HEs A7 EF A

e v 3} Ef:oﬂ gt ofxo] Z3tHo] AFstA Asttha skt
Miller 5(1964)& A AAl Q% Zolo] w2 Sudangrasse] A% = W=
59 dAo w A= Oé‘ Fe FE, ESxAN 7)Ao me b=
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of we} Azx#FE Wolx} JIE
39 tH(Work and Marble, 1968; Edwards 5, 1971). 223 Dawson %
(1933)<> Sudangrass+ °©|Ato] &eb& w7t Ao 9 awdggFo] 7t Hr
33kl em, Anon(1978)2 sHEdte EF7] Aol Abme] ALl 7
=rhar skl
Harms®} Tucker(1973)= A A ®-Alol w
Aol A 7+ ehwkstAl vEb o, 23] 3
BRI s =3 Brown(1940)2 74
S FA &S F Advta s e, Escalada®t Plucknett(1977)+
S HAAH AT AR AR s ko A AR Aol =
(e}

= g 2 13 9
3] dFHANA G gk FUME
o wEtAE AAEATE gwd

F -

d 3
ANGgu A &ekrhar 8L, Stallcup 5(1964)2 F-8HA| 7] 7F XA gol| wpet =
g shake A4S Sudangrass® TDN# 2479 32 F7isttia
v A=
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2= AlE2 2001 4€ 1395 2001d 10€ 8Y7hA ®aL 278 meoll ¢
& AFUSa FYPPAgN G PEBgel NGk Agnge] =

(EE 10 em)2 SAFZET ZAR | s EQeH st 442 1% 1
oA wi wbsh 2, AR RN E 2004 i ksl gk 3
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=52 ‘Evegradies71’e] 131, 2001\d 49 13¥ol] 7% 25 cm, 3t 2
2 79 384 HAIstdon, FolF 15 1202 £55 3Ath
-l % HAARA A E 3¢ dyHo g g o Ajg S HAHS

>,

1=

6.6 M= stA AH =2 had A 240 kg, 14F 100 kg, Z2] 100 kgoll 3f
Foh= e A aa, SAJAH BH Asrie® Amsil o, 1Aty 2
© AFS 7 Rsa, Aol R £ 3olA B kel o] gt Ay
= FFLdS 7IEo R dto] 13]oA 53] ZAISAT 5542 79 219%
1049 8 A 2ztel 2A Ao, AR E FA AN 10825 A4
sto] 2%, A, 4374 R AT FAE 2ASNT. Axede 4 FEE
Aol #FH AHAA 33 m(1.8 mx1.8 mE oHT T had THLE
Fabstlal, A=F2 Ax 500 g ARE BT TFAxE7INA 48413 A
ZAA AR =G ACP), =AY(EE), =4 +(CF), £3]&%(CA) %
7HEFAAE(NFE) 59 ARAES 1 mAlE S AlRE o] &3t &
FAREAAY(EAE FA4A, 1996)0]  Fstel A 7}"§‘r°&%}%%’ﬁ
(TDN)<> Wardeh(1981)7F A A g th& G2 o] o]sto] 4 %’8

TDN(%):17.265+1.212CP(%)+2.464EE(A)+O.835NFE(%)+O.448CF(%)

Table 1. Chemical properties of top soil (0~10 cm) before the experiment

pH Organic Available

Exchangeable cation (cmol/kg) EC NO+-N

matter - P2O; @S/ (ng/kg)

(1:5) (g/ke)  (mg/ke) Ca Mg K Na m e
5.50 63.60 95.40 0.65 0.27 0.40 0.08 0.73 62.5




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 13.6 15.6 8.9 11.8 25.7 38.2
April  Middle 185 103 142 177 102 138 25 23.3
Late 17.9 11.3 14.5 19.5 12.4 15.8 34.4 29.7
Early 20.3 13.9 16.6 20.9 13.4 16.0 16.3 38.3
May Middle 24.1 15.6 194 214 14.1 17.7 1.4 39.0
Late 22.5 17.2 19.4 22.7 15.8 19.0 87.7 17.6
Early 25.1 21.4 18.8 23.9 17.4 20.1 7.2 339
June Middle 25.3 22.1 19.1 24.7 185 214 57.2 72.7
Late 26.2 235 21.2 25.8 20.0 22.7 454.4 716
Early 28.6 24.8 215 274 219 24.1 56.6 92.3
July Middle  30.1 26.4 235 29.3 23.6 26.2 57.7 34.8
Late 32.2 289 26.0 30.3 24.6 27.2 8.8 92.3
Early 31.8 28.4 25.7 30.4 25.1 217.7 120.8 92.7
Aug. Middle 29.7 26.7 24.7 29.5 245 26.7 54.6 100.7
Late 28.4 25:4 227 28.8 £3.5 26.0 58.5 96.5
Early 26.4 22.3 24.2 28.0 2223 24.2 574 36.3
Sept. Middle 254 20.9 23.2 25.8 20.4 23.0 18.9 66.9
Late 24.6 19.3 21.8 24.0 18.7 21.3 33.4 95.0
Early 229 18.0 20.4 23.0 16.7 20.4 23.7 15.1
Oct. Middle 22.1 16.9 19.3 21.5 15.2 18.4 5.7 34.7
Late 21.5 16.2 18.8 19.5 13.6 16.5 94.4 259

Table 3. Description of split N application to kenaf

No. of N N rate per application Timing of N application
applications (kg/ha) (days after sowing)

1 240 0 (at sowing)

2 120 0+ 30

3 30 0+ 30 + 60

4 60 0+ 30+ 60 + 90

5 48 0+ 30+ 60+ 90 + 120
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Table 4. Growth characteristics of kenaf grown at five different split N
applications

No. of N Plant height brl\;(;c}?is Stem diameter No. of leaves® Wt. of plants

0. O - - -
applications (cm) (ea/plant) (mm) (ea/plant) (g/plant)

Ist” 2nd Avg. Ist 2nd Avg. Ist 2nd Avg. Ist 2nd Avg. Ist 2nd Total

1 188 186 187 285 235 26.0 177 152 165 306 293 299 747 538 1285

2 195 191 193 32.0 26.3 29.2 18.8 158 17.3 315 299 307 899 558 1457

3 206 200 203 334 315 324 199 16.3 18.1 326 302 314 1029 595 1624

4 214 205 210 35.6-33.9 34.8 235 k8:6-21.1 331 309 320 1081 610 1691

5 205 197 201 32.1 31.1 31.6 191 157 174 323 297 310 1004 580 1584
Avg. 201 196 199 32.3 29.3 30.8 19.8 16.3 18.1 320 300 310 952 576 1528
LSD (5%) 3 3 2 24 19 18 07 09 06 5 3 3 31 10 30
T 1st, first cutting; 2nd, second cutting; *, Green Leaves on Sept 6.

24 13 AFEAHe A 23] Hit 187 cmolA o EAIF]47F WolF o
el HApH oz AXA 43| FEA A= 210 em= 7HE Flow 53] Aol A=
23]y 201 em® Zkrh. AW 3] F7F AT 73;“71‘, A L AT FA
MAE Qe 2 wew wadth %, 188 BA5 447,
A 2D AAGFA= 27 2670, 165 mn, 2997H 1285 gol d 7 o] 43] FA
A= X4 3487, A=A 74 21.1 mn, F 3207, /WA FA= 1691 g=
Z7tE Ao, 53 EA e FAaET 43 EAd A 55/\}1 Ee gAe]
SAEAY Roz Hol A 60 ke/has 30U A0 Z 43| A0 7L A FA A
o A4, EF 5 BHEANA kel Z7Ish Q) Aol Bad ALE A
Aol A4 ol FHAUE Aoz BRI AFAdNA e ArdE
L AAEA 37 BETE AR E A5 gAY oE HiuEdn
A, = F(20019 HdAe] A¢ AAi 33(66.7 ke/ha)EAldA = 5



(2001")& A= A 43 EA(60 kg/ha)oll Al Z=Fo] A1 BE FHo] 94
3k o2 Hd u g}

o] AAEA 3o wE A% AE CP 2@ TDNFZHS # 50 ue

Table 5. Yield characteristics of kenaf grown at five different split N

applications

No. of N Fresh for‘age yield Dry magter yield Crude pr(?tein yield TDN*‘ yield

T (MT/ha) (MT/ha) (MT/ha) (MT/ha)
applications 555 77101 Ist 2nd Total 1st 2nd Total Ist 2nd Total
1 60.50 31.30 91.80 843 4.27 12.70 098 068 175 347 186 5.39
2 61.50 33.10 94.60 9.37 5.13 14.50 117 087 214 394 234 6.35
3 71.50 37.00 108.50 9.70 550 15.20 126 084 215 421 251 6.77
4 73.40 40.80 114.20 - 10.37 6.30 -16.67 143 °1.00 248 462 29 7.63
5 70.90 35.70 106.60 9.63 5.37 15.00 1.39 088 232 450 266 7.22
Avg. 6750 35.60 103.10 950 531 14.81 1.25 086 217 415 247 667
LSD (5%) 2.0 1.1 3.0 059 051 1.09 0.07 008 014 026 0.22 0.46

T 1st, first cutting; 2nd, second cutting; ¥ Total digestible extract

AAEA 3o mE gute] AxFaFe dFA A 91.80 MT/hal e
U 43 BAIZAA = A8 8] 57 Zoldeupel F4E o], 43 Aol 114.20
MT/ha® FF90 o, 532 o= 106,60 MT/ha® ZHEE vk, AJH] 3
7k 2 A= %ﬂé 2 TDNFHE A x4k Wslel njs=3gk 74
wol 48] Alol A Z+Zb 1667 MT/ha, 2.48 MT/ha, 7.63 MT/ha® 7173
o}, 43] 01’8}4 WA A = HapA oz FFAas o] HEFA v o A=
12.70 MT/ha, CPF#-& 1.75 MT/ha, TDNS %<& 539 MT/ha =
o] AlgolA 240 kg/haol AAE 43 yro] EAEIS W
o]gte] Aol H|sle] FFo] FUHE AL dube] XS HBash
P A7l FuEe 3ol TUEAL, 53] EA A mpA o w

EAL 7117 Addd ZdEAd RAoew AztAn, AT
28 FA¢ sudangrassAl #HES 4~53] BEAANA, AF3= 3

=

52 ot 32
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3| EA oA o]l E=dThE & S (1998, 1999, 200199 K% i, &=
9] 74 9% sudangrass (Edwards 5, 1971), =5 (Johnson®} Cummins, 1967),
reed canarygrass(Marten, 1985)01]/\1¢ AZLBA 347 Zolhd uat Als
FHdol SN E R

3. 2R
1A 1] Bl<po] & AT W3S & 69 Al = o

Table 6. Chemical composition of forage for kenaf grown at five different split N

applications
Crude protein Ether extract Crude fiber Crude ash NFE' TDN'
No. of N (%) (%) (%) (%) (%) (%)
applications
o s ond A% it 2d MY 1t 2nd A% 1s 2d A% 1t ond A% 1st ond AV

116 160 138 41 41 41 390 375 382 120 110 115 199 175 187 411 437 424
125 170 148 44 48 46 383 372377 116103 11.0 192 165 179 420 455 438
130 162 141 47 50 49 382 367 374 106 99 102 194 188 191 434 456 445
138 159 149 51 56 54 370 363 367 105 95 100 191 178 185 446 470 458
144 165 1564 54 65 59 362 360 361 88 84 86 204 177 191 467 496 481
Avg. 131 161 146 47 52 50 377 367 372 107 98 103 196 177 186 436 463 449
LSD (5%) 04 04 03 03 05 03 07 06 04 05 05 04 NS NS NS 09 11 08
*1st, first cutting; 2nd, second cutting; ' Nitrogen free extract; ' Total digestible nutrients; NS,
Not significant

Q1 = W o —

& A BT e E ST
Julel A 717} 13.8%, 4.1%, 18.7%, 42.4%0] 9%
5.49%, 59%, 19.1%, 481% = Z7F= Ut} ©
AR 7 BETE FAaro] A
53] Ao A Z+ZF 37.2%, 8.6%= A
Zolge met i AL AH) 2

A Zeka g
(Songin, 1985). t& A}

2 AgTARES FhEL, 24F 2 =

X
ok
N
ofo
-0
i)
N
it
N NE
—
-
Z
oot
S o

lo

-
AN

A

U.?{JHOTE

off -
rlo

w_
Ry d
2 =

)
392
o

A

o d

— 00
N3
N
—
=
Z
X
o
2
lo

N

=

o o

o
fru
i
32 fo
ooy
RO
W > "
19
Jo Hr o N 2

Ll
op

T

h
3
i
K3
2
k
it
> oyg b Lo
a
>
)

)
O
rir
f
=
Ir
HJ e
%
@
rlo
I
AL
[>
N
iy
ofN
o
R



]
=
bl

B

= Al v

, 2001°)

, 1999), Aoy =(x &

o,

L=2
[¢)

Aol M (=

AR

]j]_ o]

o] A& A3} 240 kg/ha AAPEE 43 U9

ki3

Aol kel A

s

A

ﬁo

;OE

= A

2 %t

Z o
S|

Hr
e

7183} BB EFell A AL

H
N~

Al

w2} A

2 43|72 Al ¥}

q 170

30

P
T

o

—

_10_



V. Hd 2

B ONge AFRAGNA grhe] AGARAM 85E FPes] st
2001 49 13¢5 10¥ 8U7FA] AAAM| ZFE 240 kg/ha L3Skl 30
AR 1~58 A Yrte]l YKEH, ARFFY L 2AL FF 5L

= S7hete] 43 ATl Har]l 201 emE
53ldlA &l &AW AT, A, 4474 R MATFAE %
BEOE A3 FAINAM THE Al SF T

2. A%, A%, zuNd 9 TDNFZFS AF7|no)A] 48 BAZAA = 7h2t
91.80 MT/haol 4 114.20 MT/ha, 12,70 MT/haollAl 16.67 MT/ha, 1.75
MT/haoll A 2.48 MT/ha, 539 MT/haclA 7.63 MT/ha® S5% JAc}h7}
1 o]l 53 Al 247 106.60 MT/ha, 15.00 MT/ha, 2.32 MT/ha,
722 MT/ha® 745 ch

3. xemA =AY 7SR EAAE 2 TDNEZFS 13.8% A 15.4%, 4.1%
o A 5.

9%, 18.7%°ll A 19.1%, 42.4%°1A 481%=% S7Fd W =4
]2 ZH7t 382%°l Al 37.1%, 11.5%°lA 86%= FHAsw 4 aol
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