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Response of Organic Fertilizer Application Rates and Different
Harvesting Periods on Forage Yield and Quality of
Kenaf (Hibiscus cannabinus L.)

Jo, lk-Hwan - Byamungu Mayange Tomple

The objective of present experiment was to examine the impact of different
organic nitrogen (N) fertilizer application rates and different harvesting periods on
the forage yield and feed value of kenaf (Hibiscus cannabinus L.). This study was
carried out from May to September 2019, the amount of 80 kg of kenaf seed/ha
were applied with different rates of nitrogen fertilizer. The plants were sampled at
10 days intervals (100, 110, 120, and 130 days after seeding) from different harvesting
dates. In the organic fertilizer treatments, the highest dry matter (DM) yield was
observed in the application rate at 250 kg of N/ha. Crude protein (CP) content in
leaves was similar between the organic fertilizer rates at 200 and 250 kg of N/ha
and were higher compared with other fertilizer treatments. The highest CP content
in the stem was 4.3% in the organic fertilizer application rates st 250 kg of N/ha.
Neutral detergent fiber (NDF) in leaves showed no significant difference between
the chemical fertilizer rates at 200 and 250 kg of N/ha, and the organic fertilizer
rates at 150 and 250 kg of N/ha. In addition, DM yield of kenaf was highest in
the harvest of 100 days after seeding, and tended to decreased significantly with
increase of harvesting periods (p<0.05). As the growth progressed, the plant height
and stem ratio increased but the leaves ratio decreased significantly (p<0.05) and
the highest was found at 110 days after seeding. The highest CP, Acid detergent
fiber (ADF), NDF and total digestible nutrient (TDN) contents in leaves were 13.9,
254, 40.5 and 71.1%, respectively that were affected by different harvesting
periods. Also, the ADF and NDF in stem increased significantly with increase of
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kenaf maturity (p<0.05). In conclusion, the optimal organic fertilizer application
rates and the proper harvesting periods for the forage yield and quality of kenaf
were at 200 to 250 kg of N/ha, and 100 to 110 days after seeding, respectively.

Key words : forage production, harvesting period, kenaf, nutritive value, organic
nitrogen
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AL3Z(Hibiscus cannabinus L., Malvaceae)= FA & WA Z&EojH, 4G40 A H-2
E AAEZANE BRE AR § Qo] §e AFAEd 8l A7) 1= o] $h=t|(Taylor,
1992; Webber, 1993), ZAEA4Hd 0] =11 {4 gFo] 7] W&o A AAZSE ALRZ}
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AWHA 0 2 AuzZe= AFAER FHIL AAT, AV AEAY 27)(A3 AE)et
Qo Jh=o] AEE AFRT 4= Atk Oh 5(2018)2 7l Al wl-¢- F&ET FAdE FF F
2o gl AujA S, 715, FEA7] 9 o] §E = 21 EL] ool wet theFsitia B
233 Itk Clark2t Wolff (1969){— AVZ7} o gy &S 713 Yoka s+,
Swingle 5(1978)3} Webber (1993)= AU Slo] kil gheFo] 14-34%, E7]A= =
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F71dn g9 A& 5877} Kenaf (Hibiscus cannabinus 1.)2] 433 AR 7FR] o] w]X= 9 61

W Shepe] 2-12%, AA AEe] 2UMA FFL 6-23%E THFE WIS Uit

stttk olfloll = FU-ej 2o g Ayl wasEo ALRE o]&3dtr] A% HIhs Bol
o] Foj A 2L ]OL]-(Phllhps et al., 2002; Kim et al., 2012), =rujoll A AU Ajujjol] &g Ay
2 GoF 7R tiE ATt - AEE o] gk

wepA B Aol A= 5]'74] AARAEE AYUZE A Ao daggdes #7] 2
714 vz ]%J’P T 719 Apol7t Az o] A3 AR O MRl S B
7hete] ThFet o 8A 2Ats AAAAE FHstaA AAEdT

IETERCTRY
w A9 20199 5ERE 9d7MA] A& B 24 Ol WSkl As (9] 5 35954

11.12"N, 74 %: 128°51'22.67"E)°ll 4| /‘]/\]5] Hom FAEFL AYUEZ(Hibiscus cannabinus L.)
‘Zul 7430 EFS ARREY] 20199 5Y€ 8Yol 80 kghad FHEF3HITH

AdTFe] WA= dAvE AE & 0 (FHl7), S EE 150, 200 2 250 kg/ha, 71
AHEE 150, 200 H 250 kg/ha® F 770 A2l T2 3t 50%E 714, 50%E 5 471 ol F
FHE ANEIY I F3 A7|= 3F F 100, 110, 120 D 1302 #(Z, 2019 @ 8€ 16¥, 8
4 269, 9¢ 5¢ H 9¥ 15¢) T M0 A 75 £ AFHOE 3HHE AAEIAH #7]
A 59| 31824 Table 19 AAHJT FFS AAEE 20 cm x 20 cm=E 80 kg/has
A z3 33, AETF d8L 5 m? (S mx1 mE 3FFh

Table 1. Chemical compositions of the organic fertilizer

Compost

.. Ca Cu K Mg Zn TS VS |NHs&N| MC TN TP
composition

25,059 | 214 |21,679| 7,869 940,372(682,272| 43.7 21,454 | 9,184
Average 137+4 6+0.21
+506 | +1.1 | £237 | 153 +2,100 | £7,134 | +0.6 +58 +90

TS: total soluble, VS: volatile soluble, NHs-N: ammonium, MC: moisture content, TN: total nitrogen, TP: total

phosphorus
A7 B 717 7L Table 200 UEhd vle} o], HA7|&0] 59, Hur| 2L 8
Yol 247+ 11.3T 9} 32.1TCE ZAE AT B2 69(242.1 mm)oll 7H A4 7155 AL
947tA o] F AT 701.5 mmO|ATH ARV S WE AL A A

A AYel BEAL 2ot JFo] A5 A s FEoIleH Bkl olgsty &
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Table 2. Climatic conditions during the experimental periods

Items Classification May June July August September
Minimum 11.3 16.3 21.4 22.5 17.9
Temperature (C) Maximum 27.7 28.2 30 32.1 27.2
Average 19.5 21.9 254 26.7 22.1
Precipitation (mm) Total (701.5) 23 242.1 105.7 174.4 157
Sunshine (hours) Sum 298.3 238.9 162.3 216.4 1383
Relative humidity (%) Average 49.1 66 73.1 72.7 77.4

Table 3. Physicochemical properties of the experimental soils

H 2+ + 2+
pH oM EC T-N Avslg‘ble ca K Me
. o V5
(1:5) (wke) | (dS/m) %) ke cmol"ke)
73 12,0 023 0.14 4223 6.07 118 2.07

OM: organic matter, EC: electric conductivity, T-N: total nitrogen, available phosphorus (P,Os)

/4 Table 33} 2T} pHE 7322 A4S YEAL, f718 FHOM)2 12.0 gkeol A
o A7IAEE(EC)= 0.23 dS/m, A AA FEHT-N)2 0.14%, F2EH A4S 7.3 mg/ke,
B2 8-S 11.4%, FAQIAF SHES 4223 mgkg & UENTH CECY AS 24, 2§ 2 v}
Jdlg o] ¥ 72+ 6.07, 1.18 L 2.07 cmol/kg®] AT}

AE&ZAE 54387 IE AFERA BEA7]IFERDA, 2012)00 oA AASY =, 242
Ao A HAZG AD7HA Y] 2ol2 SASAT A2 7S 75 TY AH Fo| oF s
o ZHSIHT AEFHFLS 2 AFTFuitt 500 ¢ A= AEE AFAS 60C =3 EF
Az71 A 48413 Az & SAAY AdETEFS AHESATh Ad2E A& Wiley
mill2 23t A.0.A.C.H(2000)2.Z, acid detergent fiber (ADF)®} neutral detergent fiber
(NDF)2] &#-2 GeoringZ} Van Soest (1970)° 23] A3}t =3k ADF2} NDF9| &%
O ZHH total digestible nutrients (TDN; 7}A8HFEF )2 Nahm (1992)3 Linn¥} Martin
(1989) 52| A4F2](TDN =88.9 - (0.79 x ADF%))°ll &]3}e] 554 Th.

2 Ao 42 BE HlolE9 FA 42 SAS Statistical Package Program (version
9.1, SAS Institute Inc., Cary, NC)ol| &J3] =aF o™, A8 H I+ vlus 5% &2 F
A o)Ak Z A (Least significant difference test) 'H O Z 3T
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1 A£FFU0l Be Avze) 4554 % ATl Wl

0] e} 3lehnl s AlE FX(T1: 150, T2: 200 2 T3: 250 kg N/ha) & 5L3 A4 5
F71- B 5(T4: 150, T5: 200 L T6: 250 kg N/ha) Al-&2] &S e Av=zo =4, A
sheE A3 £7]19] HlS @ HAESFTS Table 40 YEHAT AUz 232 T2 A2

£ Cho 5(2001)9] 2003 250 kg N/haoll Al 7H8 £ 248 7|23t a aqcks B
o} dA|star vk I f71EHIE FHRT SSHH| R oA 2ol UL E3dkeT olE
< Kang 5(2018)9] B¢} dX|stom, fr|dnlg Ay FolAe Al&FEe] M &
2 250 kg N/haoll A #319] =48 YERf©o] Nam 5(2018)9] B} AR A& e
At

A=z YxFaFe 3enE A8 (50.2~67.05/ha)7F tHE T(32.05/ha) 2 #7124
Z 250 kg N/ha A8 T(48.4%/Mha)S A 2d RE A8 FH(T49} T5, 33.29F 39.8%/ha) ETh
FrolatAl =% F71ER R AY v dE2TET £ W Al&FE0] Folgld uet F
7hek e UEt o] A ALRAES] A4k FHE Hdl dAFEe] 2544 g5}
+ AFet3 ALEH TH(Saheb et al., 2017).

Avpaze] AZdEFS BE Al FollA fodk Aol AR, TIAE FoAA 1t &
ok o279 T1, T2 2 TS Al 79 A3 719 v&2 27t 5 Aboldll 23 Aol
= AN Agze] Huel 9 HES T3, T4 2 Te Az FollA #ZHT} ool ths)
Cho 5(2001)2 ha & 200 & 250 kgo] AAAH7} AUz AL S8)= ¥ FHEsgy By
sle] B AxAs) fASAT B Ao AYze £7] BE-S 129 T5 X2 FollA J
Ao, T3, T4 2 T6 Atelell & zto|7} fIdth Zejuv Alvkaze] £7]9f o] Hlgo] &
AAEEFe] F7FE Foplttal B33 Cho 5(2001)9] Ziets £ A QAL YR =
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7] Blgo] FolA A & AL YASANE AlEFF F P Aol E YERA e A
Avzol FF, A7), 3F0lE B APAYG] B 5 A9 Aoyt ds E A
Qlolgtal AFEH T

Avzel AEFFS A2FaFe] 299 vz = slehuls A 9] T2 (10.3F/ha)
S AYsta T1 T304 Z2F 1435 1345 /Mhas 71 =3l -2 A FRo fosH =
RO (p<0.05), AlBIFE 2ol zbol7) glith kA f71FBE ME T 6.7~9.9F/has
7153 A=t Al&gEe] woldaE dEFTFo] Bobd Te Ay T+ 3ehlm AE
o] AT FT pol7t JABHA FUTHP>0.05). ©1E°] A#A=E BH 3307 A g
T ha & 150 kgo] N A|&5F oA 1o AEFTHFS HolX v {71-AME A Fol
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Table 4. Effects of different organic and chemical fertilizer application rates on agronomic
traits and dry matter yield of kenaf

ic/Chemical Fresh D
Orgamc/.(? CMEA ) plant height res . matter Dry matter | Leaves ratio | Stem ratio v .matter
fertilizer (cm) yield %) %) %) yield
(kg N/ha) (ton/ha) ° ° ’ (ton/ha)
Control 156.4" 32.0° 20.8 35248 64.88 6.6°

Tl 206.2°8 67.0% 214 32.848 67.2°8 14.3%
T2 213.14 50.248 20.9 29.68 70.44 10.34B
T3 203.05¢ 64.1* 21.0 37.34 62.7° 13.44
T4 168.8° 33.28 19.9 37.84 62.28 6.7°
T5 176.3° 39.8° 20.7 30.5° 69.5" 8.38
T6 195.5¢ 48.4"8 20.2 37.5% 62.58 9.9"B
LSD <0.0001 0.0075 0.8643 0.0509 0.0509 0.0025

A-E Different letters in the same column are statically different (p<0.05), Chemical fertilizer (T1: 150, T2: 200
and T3: 250 kg of N/ha) and organic fertilizer (T4: 150, TS: 200 and T6: 250 kg of N/ha)

M 250 kg oo AAE AT Qo] HF BrIRte] Ao AP AgrES A%
7)ol AFsh A&l AT AgEnid BUad Ao dulE 29 & A A
e g 5 o Andy

2. #EATol whE Ahze] A%EH % ABAAAe W3

Table 55 & ¥ 100, 110, 120 2 13094 & FAI7]9 FEFES w2 Az %=
2, AESE, A3 719 v, AE S U Bolth

Ago] APHHA Az Aol 7MY w=UW 2L FEAIIIF M =2 2130
DAS)E 220.2 cm (p<0.05)°]A=H], °]&= Anut 5(2009)°] B3 AL}Ze] Algo] 235
A A& 27| FTHEITE A3et A s AT

St Az e o] AP A 511914 41.65/Mhaz2 Tashe AEFS Yl e
U A el 23k 2fol 7k IATHp>0.05). ololl sl Hare] =7Fo] o]4 # 12, 16 B 20
Foll YEstthal B3 Masnira 5(2015)9] A2, 12]31 Webber?} Bledsoe (2002)->
FFol H}F T 60, 90, 120 F 1509 Atelell 3 2pol7} fltta Bk AR dA| st
< %S JEdh

Avkazel 913 £7]9] Hl&S BH, FAI7]7F 100€(100 DAS)F 110€(110 DAS)7HA]
+ A9 o] FoeA E1 W E £7]9] HlE°] 120 DAS®} 130 DASS| F8A17] B
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Table 5. Effects of different harvesting periods on agronomic traits and dry matter vield of

kenaf
H i i Fresh D
arvesting period Plant height res . matter Dry matter | Leaves ratio | Stem ratio v .matter
(Days after (cm) yield %) %) %) yield
seeding) (ton/ha) ° ° ° (ton/ha)
100 161.6° 51.1 25.84 36.8P 63.2°¢ 13.34
110 179.5¢ 48.6 20.98 38.34 61.7¢ 10.08
120 192.0° 49.9 16.8¢ 32.28¢ 67.848 8.48
130 22024 41.6 19.3° 30.2¢ 69.8* 8.0%
LSD <0.0001 0.6546 <0.0001 0.0048 0.0048 0.0090

A-D Different letters in the same column are statistically different (p<0.05)
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200 kg (T5 =8| T2k 250 kg (To A2 H)olA Z+2; 14.4%9} 14.5%= 718 =3kon, FH|
T(13.1%)9F 88 E TH(11.6~124%) BT s F2]3HA] A Yebga £7]M+ Te 21
Toll A Hare] e Rl 43%E UEhol O AE T(2.7-3.7%)EH FolsH =
A=H (p<0.05), ALtz slo] okl o] 14~34%0°]1L, 7]l =i ghefo] 2~
12%°]JTHaL 2113 Webber (1993)2] 979} §-AE A2 et 38 2 A F o) A
F71duE Ao 2 oA 1.3~2.9%, E7]4E 0.6~1.6%2] T2 ek o] vk
Fowel @ FUoE ALHL e FUSFE tAE Tbs Ao,
2003).

%3} £7]°] ADF9} NDF g2

=z2=
ST =

A= AN

QoA Z+Z} 21.9~26.9%9}F 34.1~38.0%°] AL, E7]°1A
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Table 6. Nutritive value (chemical composition, %) in leaves and stem of kenaf treated
with different application rates of organic and chemical fertilizer

Organic/Chemical
fertilizer CP ADF NDF TDN
(kg N/ha)

Control 13.18 22.8P 34.88 70.948
T1 11.6° 24.68 37.148 69.4¢
T2 12.78 26.9* 38.0% 67.6°
T3 12.48¢ 25.0% 37.94 69.5¢

Leaves
T4 13.08 23.95¢ 38.0% 70.05¢
T5 14.4* 21.9° 35.5°8 71.6*
T6 14.5% 23.4BCP 38.0% 70.44B¢
LSD <0.0001 <0.0001 0.0140 <0.0001

Control 3.78 58.2¢ 70.2B¢ 429
Tl 3.48 59.6"BC 73.1A8B¢ 41.8
T2 3.38¢ 61.24 74.0AB¢ 40.6
T3 3.38 61.0%B 74248 40.7

Stem
T4 3.28¢ 60.045¢ 74.6% 415
T5 2.7¢ 58.4BC 71.848B¢ 42.8
T6 434 59.4ABC 70.0¢ 42.0
LSD 0.0004 0.0214 0.0137 0.2139

CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, TDN: total digestible nutrient, chemical
fertilizer (T1: 150, T2: 200 and T3: 250 kg of N/ha) and organic fertilizer (T4: 150, TS: 200 and Té: 250 kg
of N/ha)

A-E Different letters in the same column are statistically different (p<0.05)

© 27 58.2~61.2%%}F 70.0~74.1%= E719] 7571 9| ADF9} NDF 3 KT} 2uf o] %
A Uk, ole E7lde AEEEA] BoldA 2 R4 FFE Uehd Ao
A}Lﬂﬂﬁ TS £7]19] NDF &< AlQstae diE 3nls X 77 f7]1duls 7
=2 FqFS V5SS 48t AE 2UT F A= /FeA S AAE Ut
(Hwangbo and Jo, 2013). 53] &3H|E A8 T2 ha T 200 kg (T2 *&] F)ollA & A
g TR Fo3HAl =4 THp<0.05).
%] TDN e 7879 f7]dH 5 A& FollA 22 70.9%2} 70.0~71.6% % 3}8HH]
579 67.6~69.5% HT+ +stAl A UEal, €719 TDN &2 A2 738 Folgt 2t
o] glo] 40.6~42.9% WS YehNo] 9 TDN HRTE 24.7-31.0%7F SoFA, Cho 5

N
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(2001)°] B3k ¢le] TDN o] Hul 75%0]aL £7]2] 7 H 7} 382%= wl-$- Sdth
= A%} At Ut

HO

4. £ 7)ol w A=z Azt W3t

T 7] mE Az 3 £7]9 AETIAE YERH A2 Table 72 9] 2T
A FEH12.6~13.9%)2 =719 ZE $HEF3.2~3.5%)E 0= 9.1~10.7%(F 3.6~4.341)7}
EXIL, ADFSF NDF $HF2 13 E7]oA 242} 22.6~25.4%9} 33.8~40.5%, “L#]al 57.5~
62.9%2} 70.6~75.3%= ZHZF 32.1~40.3 %2} 30.1~41.5% ST, TDN FF2 Yol A 68.8~
71.1% 18] E7]oAE 39.2~43.4%2 A2 TDN g&o] 254~31.9%7F ¥4 Yebstt) o]
=l diall Minson (1990)> A &o] XPH we} £7]9 vl&o| F715tel wet AFE7HA|
% 53] =amd o] gopxitta R s, ole A= A5 A Aiart F
7ol 71918l (Nam et al., 2018) =3+ 34 @9l 5 4wy 7|5 o] 2|29 FaF7A
8420 U7 £719 vlged AR 8% dTE 3 Ao 13 FEAVE A
Aslaor stthal Sl T (Minson, 1990; Muir, 2002).

g Qo] =ulA ke 120 DASOIA 13.9% TS 34171 B0 254 =4 Ut
YA %, ADF2} NDF &3-& 100 DASSF 110 DASONA 27} 22.6-24.5%9} 33.8~36.7%% T}

Table 7. Nutritive value (chemical composition, %) in leaves and stem of kenaf as harvested
with different cultivation periods

oy afer setng)| P ADF NDF TON
100 12.6° 24,548 36.7¢ 69.5%¢
110 12.8° 22.6° 33.8¢ 7114
Leaves 120 13.9* 23.6%¢ 40.5% 70248
130 12.9° 25.44 37.2° 68.8¢
LSD 0.0053 <0.0001 <0.0001 <0.0001
100 3.5 57.5¢ 70.6° 43.44
110 3.5 58.0¢ 71.48 43,14
Stem 120 3.3 60.3° 72.948 4128
130 32 62.9* 7534 39.2¢
LSD 0.5842 <0.0001 0.0234 <0.0001

CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, TDN: total digestible nutrient
A-D Different letters in the same column are statistically different (p<0.05)



624 %92]%}- Byamungu Mayange Tomple

3:%/\]7]1-14 FrolsAl Y9k al(p<0.05), Wl 2 TDN &2 g8 37| 1t} #-2]3

Z=7]9 ADFQ} NDF e 9o A$-9} nz7tAZ 100 DASSF 110 DASOIA z+zt
57.5~58.0%%}F 70.6~71.4%% 120 DAS2} 130 DASQ] 60.3~62.9%%} 72.9~75.3% Rt} 23}
Al Fekon, TDN &3 ZH7} 43.1~43.4%2} 39.2~41.2%Z 100 DAS®} 110 DAS7}F 2] 3
Al Tt ABTIARO R FEA7]E AAIATH FZA7]7F 100~110€ 00l o] Fo A= Aol
nhEA stk AlR

V. A (+]

SANBAEE AUZE ARG Al 7] @ A3 Re] A2FFAS $HANE D
aaw m AVEO) A e 2ARE 7] 98] AA AaA §5ET 847
g FHsLA LA

g FEU) e AVLe] ABSFFL HEUE A T} e EJAT, f71A0E
£ ha % 200-250 ke oA SIS A2 s el et S gk 4
27bX) B3 2w Az TDN & 2318 #7188 A TlA Fol5 A et
Up<0.05), WFEFeA] Fe] 2AE FHUOE o §IA AVLI AT £7)

AulE7} SRS OAT F Aee ANSAT,

3t FEA]N] WE AE ‘v‘ke 100447} g2 FEAZIERG FolsiA =3AT
100~110¥ FZAI717F FFTFAH L8R T A9 HlEo] E7|RUE £33 AARVHA] 5 =5
W23 TDN &3Fo] o2 F8A l Bt} 54 Jehykon ADFE NDF &3S A4 743}

A TH(p<0.05).
2 AT A¥ 53] AESTHHY AEIIAE HlE & o JHe AAgFUeE {7
AU FE A§ AlolE ha® 200-250 kg =7t A F8A7]= 100~110€ 0] 2 g3}

g3 Aedd.

0(

[Submitted, September. 11, 2020; Revised, November. 11, 2020; Accepted, November. 18, 2020]

References

1. Anut, C., C. Chaikong, O. Chinrasri, and P. Kangkun. 2009. Evaluation of Yield and
Nutritive Value of Kenaf (Hibiscus cannabinus L) at Various Stages of Maturity. Pakistan J.



10.

11.

12.

13.

14.

F71dn 59 A& 5877} Kenaf (Hibiscus cannabinus 1.)2] A3 AAZ7FA] o] v 2= 9 625

Nut. 8(7): 1055-1058.

. AOAC. 2000. Official methods of analysis of the AOAC. 17th Edition, Association of

Official Analytical Chemists, Gaithersburg, USA.

Cho, N. K., C. K. Song, Y. Cho, and J. B. Ko. 2001. Effect of Nitrogen rate on agronomic
charasteristics, forage yield and chemical composition of kenaf in Jeju Island. Korean Grassl.
Sci. 21(2): 59-66.

Clark, T. F. and 1. A. Wolff. 1969. A search for new fiber crops, XI. Compositional charac-
teristics of Illinois kenaf at several population densities and maturities. TAPPI J. 52(11):
211-216.

FAO. 2018. http://www.fao.org/3/i8384en/I8384EN.pdf

Goering, H. K. and P. J. Van Soest. 1970. Forage fiber analysis. Agic. Handbook No. 379.
ARS. USDA. Washington, D. C.

Hossain, M. D., M. H. Musa, J. Talib, and J. Hamdan. 2010. Effects of Nitrogen, Pho-
sphorus and Potassium Levels on Kenaf (Hibiscus cannabinus L.) Growth and Photosyn-
thesis under Nutrient Solution. J. Agric. Sci. 2(2): 49-57.

Hwangbo, S. and 1. H. Jo. 2013. Effects of applying cattle slurry and Mixed sowing with
legumes on productivity, feed values and organic stock carrying capacity of winter forage
crops in Gyeongbuk regions. Korean J. Organic Agric. 21(3): 451-465.

Jo, I. H. 2003. A Study on area types of recycling agriculture. Korean J. Organic Agric.
11(3): 91-108.

Jung, J. S., G. J. Choi, and B. R. Choi. 2019. Effect of Waterlogging Duration on Growth
Characteristics and Productivity of Forage Corn at Different Growth Stages under Paddy
Field Conditions. J. Korean Soc. Grassl. Forage Sci. 39(3): 141-147.

Kang, C. H., I. S. Lee, D. Y. Go, H. J. Kim, and Y. E. Na. 2018. The Growth and Yield
Differences in Kenaf (Hibiscus cannabinus L.) in Reclaimed Land Based on the Physical
Types of Organic Materials. Korean J. Crop Sci. 63(1): 64-71.

Kim, B. W., K. . Sung, J. G. Nejad, and J. S. Shin. 2012. Nutritive Value and Fermenta-
tion Quality of the Silage of Three Kenaf (Hibiscus cannabinuas L.) Cultivars at Three
Different Growth Stages. J. Korean Soc. Grassl. Forage Sci. 32(4): 353-360.

Linn, J. and N. Martin. 1989. Forage quality tests and interpretation. The University of Min-
nesota Ext. Serv. AG-FO-2637. Minnesota.

Masnira, M. Y., R. A. Halim, M. Y. Rafii, J. S. Mohd, and M. Y. Martini. 2015. Yield and
Quality of Two Kenaf Varieties as Affected by Harvesting Age. J. Inter. Soc. for Southeast
Asian Agric. Sci. 21(2): 129-142.



626

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

%92]%}- Byamungu Mayange Tomple

Minson, D. J. 1990. Forage in Ruminant Nutrition. Pages 1-8.

Muir, J. P. 2002. Effect of dairy compost application and plant maturity on forage kenaf
cultivar fiber concentration and in sacco disappearance. Crop Sci. 42(1): 248-254.

Nahm, K. H. 1992. Practical guide to feed, forage and water analysis. Yoohan Pub. 1-70.
Nam, C. H,, K. S. Kim, M. H. Park, W. H. Kim, H. J. Ji, K. C. Choi, and S. S. Sun. 2018.
Effects of Seeding and Organic Fertilizer Rates and Harvest time on Kenaf Yield and Feed
Value. J. Korean Soc. Grassl. Forage Sci. 38(2): 91-98.

Oh, S. J., D. T. Mbiriri, C. H. Ryu, K. H. Lee, S. B. Cho, and N. J. Choi. 2018. In vitro
and in vivo evaluation of kenaf (Hibiscus cannabinus L.) as a roughage source for beef
cattle. Asian-Austral. J. Animal Sci. 31(10): 1598-1603.

Phillips, W. A., G. Q. Fitch, F. T. McCollum III, R. S. Adams, and G. Hartnell. 1999.
Kenaf Dry Matter Production, Chemical Composition, and In Situ Disappearance When
Harvested at Different Intervals. Prof. Animal Sci. 15(1): 34-39.

Phillips, W. A., R. R. Reuter, and M. A. Brown. 2002. Growth and performance of lambs
fed finishing diet containing either alfalfa or kenaf as the roughage source. Small Rumin.
Res. 46: 75-9.

Rural Development Administration. 2012. Standardization for research survey on agricultural
science and technology. pp. 339-358. Korea.

Saheb, A. M., M. M. Hoque, M. N. Gani, and M. M. Islam. 2017. Variation in Inorganic
Fertilizer Is an Important Regulator of Yield Potential in BJRI Mesta-3. American J.
Environ. Engin. Sci. 4(6): 78-84.

SAS. 2016. Statistical Analysis System ver. 9.1. SAS Institute Inc. Cary, NC.

Swingle, R., A. Urias, J. Doyle, and R. Voigt. 1978. Chemical composition of kenaf forage
and its digestability by lambs and in vitro. J. Animal Sci. 46: 1346-1350.

Taylor, C. S. 1992. Kenaf: annual fiber crop products generate a growing response from
industry: new crops, new uses, and new markets. In: 1992 Yearbook of Agriculture. Office
of Publishing and Visual Communication, USDA, Washington, DC, pp. 92-98 Part III
Webber III, C. L. and V. K. Bledsoe. 2002. Plant maturity and kenaf yield components. Ind.
Crops Prod. 16(2): 81-88

Webber III, C. L. 1993. Crude protein and yield components of six kenaf cultivars as
affected by crop maturity. Ind. Crops Prod. 2: 27-31.



