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Growth, Yield and Nutrient Uptake of Radish as Affected by

Amount of Organic Fertilizer in a Volcanic Ash soil

Kim, Yu-Kyoung - Cho, Young-Yuen - Oh, Han-Jun - Kang, Ho-Jun -
Yang, Sang-Ho - Moon, Bong-Chun - Jwa, Chang-Sook

This study was conducted to determine the effects of organic fertilization rates on
the nutrient accumulation and recovery in radish (Raphanus sativus L.) as well as
growth and yield of radish in Jeju island. An understanding the relationships
between organic fertilization rate, crop nutrient recovery and crop yield can assist
in making organic fertilizer recommendation which balances crop value and
environmental risk in organic cultivation. Nitrogen (T-N), phosphate (P,Os) and
potassium (K,O) were applied at 0, 115-35-40, 230-70-80 (standard application
rate), 460-140-160, 230-200-100 (recommended application rate) and 158-53-35
kg/ha (customary application rate), respectively as the broadcast application of
mixed organic fertilizer (N 4.5% - P,Os 1.5% - K,O 1%) in combination with lang-
beinite (K,O 22%), 100% at sowing period. The organic fertilizer was made of
organic materials like oil cakes. Total yield of radish, as fresh weight of roots,
increased with increasing organic fertilizer doses to a maximum at rate of standard
or soil-testing application. Nitrogen, phosphate and potassium accumulations of
radish increased curvilinearly with increasing organic fertilization rate to a maximum
at rate of N 460 - P,Os 140 - K,O 160 kg/ha. However, nitrogen, phosphate and
potassium use efficiency of applied organic fertilizer decreased curvilinearly or
linearly with increasing organic fertilization rate. Application of organic fertilizer
in combination with langbeinite (as a potassium source) had significant effect on
the yield of radish. Organic fertilization on a basis of standard or soil-testing
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application rate is recommended for maximun radish yield in organic cultivation.

Key words : radish, organic fertilizer, plant-available nutrient

I. M =

F(Raphanus sativus L)T A A8} (cruciferae family)oll &3+ S| AAE RT3l AL
Toe SAAZR A AAZE A3 ATHKumar et al., 2014). -2 Ugtol= 719l =905
Ne Ao s FAHIL loH, 4], FHeo] T T o]§o] wl-¢ tpeFsitt. 53] HlERl Co
ghEFo] 20-25 mg (100 g &) vt Hof dZHH AL HIER F5HoE a3 98
gk om FFo| = diastase B 47} o] 42FE XA 77| = T (Mohammad, 2005).

T A E e wP S 75 SAAE w2 20149 1% =W 19,936 haol ™ AlF
A9 6,197 haZ 31% BEE A8t om AF= thid AFolA AuiEa 3l
(MAFRA, 2015). T2 ¥ 13174 QAZAAHL oF 161 ha® & AA| AAF AZHA
20% B=E At A= OlE}(NAQs 2014) JEM A F F7]A ol A <]

Sounda 5(1998)2 HAi+ Fof AR FFukgol A dFS T Ah AlR|Fo]
7SS T S7FT A 30, Jilani 5(2010)> HA AlH|FF
F2 200 kg/ha Aa AR A Ao T o] AlH|EFo] FUlstHA TR 2358 A%
g RaEknt o] ek FAFSHAl Muthuswamy 2} Muthukishnan (1984)& 200 kg/ha +5¢] 2
& AR RO A o] AR AT ZH o] FERI FTUHE BEATHL A2, Pervez T
(2004)% 200 kg/ha Ha AlRlo|A F-of H) 52 AJATHaL st Th Roy9t Seth (1982)=
A g QUL AR o] S7ME4E F-o S TS FUFsEA o, 2] Al EFo] F7t
42 FEe FASAT 3Yom, Patil 5(1988)% A4 (75-150 kg/ha), Lé}(375 75
kg/ha) 18] 3 Z-E](37.5-75 kg/ha) & AHIF Aol Aol A4k AH|Fo] Flse=2 B
TFEFol F7 M@‘ OUr Zele 52 AHlFolA 2388 TAstdtia Balskth :Lali
Ronald (1952)= AlvlEFo] Fof o] FiF Fof X e e ZARE BIA A
EY Fol e %ﬂ*é%_'—% A 2Eo] Fste] o] &atANE ARG ZEle FEFE IAa
A71E 7ol dom Ang ZF HEE AEAY dadddds 4
3T

o|9} o] HA T AMFFol| WE Fo] FF vk #F AFE Bo

= Bol H
Aol F-o i FE R o188 Tl vAs EFE B A= oFAA Ul ] st
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o 53], AaF HY e
- g agtd], effsta F i o A

A & S EF Y ARE ] Ef 2R He FUIH Aae i&%‘_‘z
i & 4= 07] w0 th(Zebarth et al., 1995). 18] 1 T RE FEH] 5

Aol FHH| 59 A&aF gt AUt dF BiuEa 9loh

Islam et al., 2011; Kumar et al., 2014), §-7]A8] E71E°] o] AME3taL U= E?}%ﬂ’éﬂl
S AE9 v e o B3 A7+ A9 sle Aotk aga Al

Feof 2 S E FxHR o] gad M EE A HS 2T o9 v
7F 3 AE A E @2 Aot a8y f1E &l ule Eof Fger T
T YA Aurt &old SAS 7HA A Utk bt B At M EA
AuiAl IS S A AFE fUIANE AR 2 S, T R F

a8al ol &&de] dAE THEEAT

)
o

4 o2 T o
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I. |2 2 ut

oz

2+ AFE AAZA kg 5 f71A s7F A 20129578 20149704 3:d3F
ettt NPFFTS s7tlA gol Anista = Bxnks —E.'A(%%H}Oh) TOo2 3
R, F2 AEL J= AT AFez FHEAT. 2012900 = 108 2ol HFsted]
2013 390l F&3tH om, 2013l = 9¥ 27 IF a—} 14 2¢ o) &3t K5

24
4 H gAY 58 2AREAT 20139 3 78 o] % 0¥ u‘Jr ANA F747] stel= 2
S AR &t AAEEE BZF 45420 cmZ ST APESS f71E ko)
144 g/kgo & H2 SAA A EZ pHE 5.0°0.2 Yk, 247]@EE(EC)% 0.31 dS/m
a8 3 X84 2] TS 0.58 cmoltkg B AAFET HSE Yo A

4 Zs 2 vtdls gL 521354 ZAEE ANIAETEAA %r%%}—t— E¢ HEx
9] B} Sk TH(Table 2). A @A S+ F7FollA ol ARE-3EaL Q)

23D EFF71EH ZEN-P,05-K0 @ 4.5%-1.5%-1%, AZF2 30%
Z 5 S(FH Lol E, K0 22%)E AHE3FA .

NP E F TFAIBF (N-P,05-K,0, kg/ha : 230-70-80)2 7]FO.2 AlR|FES &
3k TI(FHIE), T2(N-P,0s-K,0, kg/ha : 115-35-40), T3(N-P,05-K,0, kg/ha : 230-70-80) 2
T4(N-P,05-K,0, kg/ha : 460-140-160) 2]}, EFAG A o|d FZ AR T5(N-P,0s-K,0,
kg/ha : 230-200-100) 222l 714 1o B3P Al H]ZF T6(N-P,0s-K,0, kg/ha : 158-53-35)
5 648 S stk HEE AT da D 4k AR ghao] 4 E3HF7]E]
T ARlFS AAsta, 7 A 2y AHleEe] gao] ZEHIEE BHSAH|EA



. BE MBS HES] 1A 100% AEA G0 w =y swEo e A

Pt WalE el AZRENS AAstel AV B4 4BS 2ATGOR, T

471 Eolgel B ARFEE Fe 2UF Fol FHEIYE BAH HIEAAE
o

S
o]-g&sted WASFATE 18t AP S X1 BEAMRE A Fot A@S FHAT
TEFE A BES St A=A P8 2 s o

3 EFS 0~15 cm ZololA AHF 3t pH}F H7]
ZEC)E EYY THFY &S 1152 FE319 42 pHeF 2711 =% meter (Orion
3 Star)i ZA43H L, F7]ES TyuwrinH 2, FE2 A4S Lancaster 18] 3 X|3HAd ool 2
£ [N-ammonium acetateZ &3+ & ICP (OPTIMA 7300, PerkinElmer)E ©]-83}o] #2435}
25111} AEA FUIRE FFe ARE A2 § Bty ddhe Lo R Falg o
Agwioz 9 Zg, 24 5 UFYLE ICPE BT 442 A &4 (kg/ha)
2 AT AEF x AATHFW) R 741&—8}91‘20%, A ) EE %) (AL F5%-

- =N
FHIET A F5) ~ (A AE) x 100 2 o2 AL 18la Ag7IzE F9
25 9 B Asts 714 BAARE °l£6}%iv}(KMA 2015). AlFEA L 7+ Xg]F+
F 3R o 2 39, AFE = SAS uiza‘(SAs version 8/2, NC, USA, 2001)2 ©]-&3}
of BAstg o, H# §22F A2 Duncan’s multiple range testZ 95% ol A £
skt

1. 71403

Aol FalE= 7|2 99 R E o|Fd 397tA9 € ]2 2012192013 11.5
T, 201332014 127CE 1dxoll& B B} 04C Egkoy 2d@x= 1943 B 1.2

T =3t 283 ARV o FAATZFS 20129/2013' 892.6 mm, 2013%/2014
5954 mmZ 193} 43S H3d(627.9 mm)E T o 2 dxt= Aok E3], 2012 9
43 12€2 Fd i) 2v) o] ArFo]l BATHTable 1).
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Table 1. Temperature and precipitation conditions during the production terms (Average
year, from 1981 to 2010; The data was obtained from KMA)

Temperature (C) Precipitation (mm)
Month
Average year | 2012/2013 2013/2014 | Average year | 2012/2013 2013/2014
Sep. 23.0 22.0 24.0 221.6 499.1 82.1
Oct. 182 18.4 19.2 80.3 35.7 113.3
Nov. 12.8 12.0 12.9 61.9 90.6 82.1
Dec. 8.1 6.6 8.1 47.7 131 41.8
Jan. 5.7 5.6 6.8 652 20.5 50.2
Feb. 6.4 6.2 7.5 62.6 60.5 137.5
Mar. 9.4 10.0 10.7 88.6 552 88.4
mean 11.9 11.5 12.7 89.7 127.5 85.1
2. B3I
F71EH & AHFo] Edsstgol vA= FFE 7S] et AE F ESEshA

= EA3IAtHTable 2). EF pHE 1d2F Al@olA A2zt zto]7h flley 21 d Ak A&l
A= T4, TS B Te A TollA wgkom FojAd e AolE Btk EYF ECHFEFS 1, 2
Aol A B AlH| o] B2 T4 A g TollA E3kom, FaIMS Q1A R o] Be T4 2
T5 AgFollA & ZAgFolu AHEztel] FoA-S gtk 182 frlE 2 1, 2d%

T+ Agztel 4 ] AR {718 EgHeT ES & |
ATFEdA F714Q B E B f71Ed dEA o] duk A EYg St
gy RyuEa o‘\:}(Lockeretz et al., 1981; Alvarez et al, 1988, 1993; Reganold, 1988;
Reganold et al., 1993; Drinkwater et al., 1995). $+*H Wener 5(1997)2 oA F7]AH]=
A B f71Ed 2 A3 S7lkstH dRbzo=r do] e Fofof yepdtt
31 3} O H(Drinkwater et al., 1995; Wander et al., 1994), Maltas 5(2012)°] =H4], =3 %
HH| 5 o8 7Y f71ES 30 ol A7 EY d&stdE W EG EA A PA
= YL A Ao A HHIE 705 /haS 3330 1WA BJES ] fr]1E0] gaFo)
T OE fUE d8A EYY vZFLAE AL Aol mA= 3
A7 gom E rAE 4 2 vlol e~ S {olAd A FUtek AT Bl
dulg 9 ] & o] &3 f714%0 EdHEle R EY

5

7} 24 A A7 AQ) B nSE Bel @ A% APed s Bl o

o |

Am
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Table 2. Soil chemical characteristics before and after the experiments

Treatment” pH EC AVPO, K Ca Mg o M
Before 5.0 031 140 0.58 4.07 0.91 144
Tl 5.74° 0.17° 79 0.54° 7.10° 1.15° 142°
T2 5.67° 0.18° 94° 0.42° 6.93° 1.23* 1422

2012/ R
T3 5.55° 0.23° 87 0.49° 6.17* 1.08* 140°

2013
T4 5.45° 0.30° 106° 0.47° 7.24° 1.24° 141°
T5 5.43° 0.22% 94° 0.50 6.72° 1.11° 1422
After Tl 5.85% 0.22° 160° 0.51% 8.26% 1.37° 1322
T2 5.85° 0.20° 188 0.53% 8.58° 1.52° 134°
a b ab be a a a
2013/ | T3 5.83 0.20 183 0.52 8.60 1.58 133
2014 | 4 571 0.30° 198 0.72° 7.90° 1.53 135°
T5 5.62° 0.24° 204° 0.66™ 7.91° 1.38° 137°
T6 5.72%® 0.21° 191® 0.42¢ 6.54° 1.40° 133°
Optimum level™ 6.0-6.5 0.0-2.0 | 350-450 | 0.6-0.7 | 5.0-6.0 1.5-2.0 | 110-150

* Treatment (N-P,0s-K,0, kg/ha); T1 (0-0-0), T2 (115-35-40), T3 (230-70-80), T4 (460-140-160),
T5 (230-200-100), T6 (158-53-35)

** ]t is a source of RDA(2010)

** Different superscripts are significantly different by duncan's multiple range test at P<0.05

gt

3. FIIAE

F71ARE A Fe] mhE 8] F-of R4S FEe ZASHUTHTable 3). 7] Ha
T AmlEe] STV Sk Adellen 1d3ke] - T4 AP TelM 231%2
7P Ea o e A Rtel] Fo48L fiRith 2:d3ke] A

=1 A e ZolE HY
= 13 A FAA 2.05%= 7+ =
Z

rlo

o T4 51 T5 Aot oA
5 2E 3 ﬂ}:LLﬂv 5o 718 f:;%k% AR ool wre} FERd AP
askom folm  Aol7k }UTE o fAF Ai FHE AHIFe] SUMEFF
Fol Sk 7 kOlOi g I Feells AR B Aol E HTH(Table 4). 1'A3F
ANA= B A ToA FelAdo] gidoy 2dAt A= T3 A FolA 2.59%= 714 2
I TI(FFHIR=) AelTrolA 718 @gtor foid = Aold Bt d9 < $F=

N

B0

T

mr < 52

P
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@xt 9D 2\dx Ao 25 A8 Ho] =1e4E 1 g
FollA 47 031% R 043%=E 7 =R F94 e AolE
5 TS iiﬂ?%‘ﬂl 2l o] °*°i°tt] T6 XJFHL EE} Fe =0T

017} %i?it}. Ashoka %(2012)% B8] AlH] o w}% 7o 7714
oA F&7] o LTS 0.57% (FHIR)NA 2.76% (B 40 t
1.58% (F-R1Z)olA 2.68% (EH] 40 tha)Z EB] Aln]|gFo] Zr1edr= @‘%‘M A
o] oA UA F/teear stk e - 2 7o) Ze e g 47 1

)N A 6.79% (EH] 40 tha) 2 2.42% (F-H1F)0lA 5.40% (H 8] 40 t/ha)=2 EH] A8 Fo)
F71el wey 1 ko] FUksnta stk

Table 3. Minerals composition of radish as affected by amount of organic fertilizer in a
Volcanic ash soil

. N ‘ P ‘ K ‘ Ca ‘ Mg ‘ Na | Total

Year Treatment

%

Tl 2.02° 0.26 2.42° 0.32 0.25 0.64 5.91°
T2 1.98° 0.30° 2.61° 0.27 0.24 0.66 6.06"
2012/ T3 2.05° 0.30° 2.68° 0.27 0.23 0.65 6.18°
2013 T4 231° 0.30° 2.76° 028 0.22 0.70 6.58°
T5 2.12% 0.31° 2.66% 031 0.24 0.75 6.39°
T6 2.01° 0.29 2.76° 031 0.24 0.76 6.37°
Tl 1.39¢ 0.23° 2.11%® 0.37 0.12 0.31 4534
T2 1.72° 0.27* 2.20° 0.40 0.13 0.39 5.11%
2013/ T3 2.05° 0.25% 1.90° 043 0.12 045 5.20°
2014 T4 1.99* 027 2.10% 0.37 0.13 0.30 5.16°
T5 1.87° 0.23° 1.92° 0.38 0.12 0.33 4.85%
T6 1.70° 0.21° 1.95% 0.33 0.11 0.27 4.57%

* Treatment (N-P,05-K,0, kg/ha); T1 (0-0-0), T2 (115-35-40), T3 (230-70-80), T4 (460-140-160),
TS5 (230-200-100), T6 (158-53-35)
** Different superscripts are significantly different by duncan’s multiple range test at P<0.05
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Table 4. Minerals composition of radish leaf as affected by amount of organic fertilizer in
a Volcanic ash soil

. N P K Ca Mg Na Total
Year Treatment
%
Tl 2.80° 0.22° 177 1.41 0.48 1.26 7.94°
T2 2.97° 0.25% 1.92° 1.40 0.47 1.46 8.47°
2012/ T3 3.19° 0.26% 2.08° 1.30 0.42 1.36 8.62°
2013 T4 3.46° 0.31° 2.12° 127 037 1.66 9.18*
T5 3.23° 0.30° 1.93° 1.50 0.43 1.71 9.11°
T6 3.40° 0.27% 1.58° 1.34 0.40 1.59 8.58"
Tl 1.90° 0.28° 1.32° 1.24 0.16 0.99 5.89°
T2 2.26° 0.35° 1.18® 1.70 0.27 1.13 6.90"
2013/ T3 2.59° 0.40° 1.00° 1.97 0.32 1.28 7.55°
2014 T4 236 0.43° 1.19% 1.63 0.34 1.00 6.95%
T5 2.26° 0.40° 1.01° 1.42 0.35 0.94 6.37™
T6 2.37° 0.33° 1.32° 1.12 0.28 0.93 6.35™

* Treatment (N-P,Os-K>O, kg/ha); T1 (0-0-0), T2 (115-35-40), T3 (230-70-80), T4 (460-140-160),
T5 (230-200-100), T6 (158-53-35)
*4 Different superscripts are significantly different by duncan’s multiple range test at P<0.05

4. ASEA
F71dH 5 A HE Zpolo] IE F AHEAS AR A= Table 59 2o 52 1
32012192013 )= T4 A FelA 1,508 gplant® HES AaL, 2'dxk20139
2014yl = T3 2 15 A FolA 42 1,729 2 1,721 ghplantZ HIgES LAk &5
7523 HAEe B T3 Ay FolA 1,416 kgl 2 7 =943, TI(FHIE), T2 2 T4 *
g FolAdE T3 tvl 42 72.7%, 91.0% 2 99.0%2] & Jelidct 139 T5 A8+ 2
oI7F 1R T6 M7+ T3 thHl 83.7%°] S Btk &4 2 249 29 HAats
KA AJH| o] %ﬂ%‘#é Z7Vste] T3 A gl FelA HAdigke 2oy T1 AZTE A9
3t foA-e AR o9 FAFSHA Jilani 5(2010)% A4 AR Fo] FrlEE o] &
—7}0}31014 200 kg/ha BT AlH|EFo] o™ @3]e Agtal shqlon, dAa Al

sy
Hlegell wheh Ro 24 @ 2Ae fold gl AolE melx| gom RuEToA Hag

2
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L}F/}q] g BT} Pervez 5(2004)% 200 kg/ha A4 AlH] oA 2342 A

;5:
g
QL
41

Table 5. Vegetative growth characters of radish as affected by amount of organic fertilizer
in a Volcanic ash soil

Total plant weight Root weight Root length Root diameter
Treat (g/plant, fresh wt.) (g/plant, fresh wt.) (cm) (mm)
ment | 5012/ | 2013/ e | 2012/ 2013/ 12012/ | 2013/ | 12012/ | 2013/ |
2013 | 2014 2013 | 2014 2013 | 2014 2013 | 2014

T1 1,108 | 1,1134| 1,111 | 1,023 | 1,035¢| 1,029 | 17.6° | 19.0° | 183 | 98° 92° 95

T2 [ 1,344° | 1,451°| 1,397 | 1,239° [1,339%| 1,289 | 19.1% | 22.0° | 20.6 | 103* | 97° 100

T3 | 1,419° | 1,729° | 1,574 |1,280®| 1,552 | 1,416 | 19.8% | 23.7° | 21.8 | 102* | 101* | 102

T4 1,508 | 1,613%| 1,561 | 1,349° | 1,464"| 1,406 | 20.0° | 23.1° | 21.5 | 102* | 100" 101

T5 | 1,415°] 1,721%| 1,568 | 1,296 | 1,555% | 1,425 | 19.8°° | 23.7° | 21.7 | 102* | 100* | 101

T6 1,207°| 1,381° | 1,294 | 1,106° | 1,264° | 1,185 | 18.7° | 23.6" | 21.2 98° 88" 93

* Treatment (N-P205-K20, kg/ha); T1 (0-0-0), T2 (115-35-40), T3 (230-70-80), T4 (460-140-160),
T5 (230-200-100), T6 (158-53-35)
*d Different superscripts are significantly different by duncan’s multiple range test at P<0.05

5. 24

T FRAEL HlE AMIEFo] U1 wet FHH R FUtste AdFS A= (Fig
D, Aol FFL 1d21201213/20139)2] H-$- 1058 (ha )22 T4 AT A, 21d2K2013
d20143)o= 121 E(ha LSE T3 E TS5 A TlA AATHTable 6). 2\ a2t A B}
ol F7letA el oldd FFde] Aol AurIzte 2= 2 Ao T o7 FE 8L
o] ¥gS 7] Ao Z HITHToivonen et al., 1994; Zebarth et al., 1995). 1' A=} A& ol A
T1, T2 12813l T3 A9 FF832 ATEFY 22 76%, 92%, 2 95%E U A o
T1 ¥ T6 AZTE A3t Azl Fo) 82 Atk 2812 T3 AT +3F 32 T6
AT e 15% S7HE AT 29 3ke] A9 T1, T2, 283 T4 A7) 33 247 F
HFEFe) 67%, 86% B 95%E UERRAom Anlgel wel foA e Aolg RO
T3, T4, E T5 AgF3rel 242 filth 283 13 A9 5482 T6 2T il
23% S7HAAT olek FAFSHA Jilani 5(2010)% A AlR|Fo] S7HEFE F Fifo] F
7}=]o] 200 kg/ha AlRIOA] 99.88E 0 2 AT FES A 01} 250 kghaol e AR
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o

o ARl A 2zte] fo)d-2 AT 3T Sanchez 5(1991)> B2 484 Q4kgt
Fol 13 mg/dm’ |3t W A4k A|u|FFo] TR FE B FHFE ZUlEIH oY O oo m
EQ Fof 4lo] BoW o] & FFE FA etk Atk I8]a Sanchez 5(1991)
2 Zg AHFE R FFS vXA] =tk S Ronald (1952), Roy9}t Seth
(1982) 18] 3L Patil 5(1988) Z&] AlRIFo] Bow FiFo] 238 Hadttal sttt =
g 2 AELe fUANEE dAYoRE gt AlES FIsE e FUH AAHEE o
83 I RE AFEdA Rud da AMEe wE 7o g AR AxE o
Atk ol F7IANEY} sl BHoh EY FolA HHs| Frishrt M&dEng Fr)s)
&2 GATE EA5E o] oA Rl o] &0 molx|7] W&l o= wrhHr.
Kim 5(2005)% a3 AjujA] s}shn| 5o} E3fr]dnlge] A4, A4 2 Ze] AH|SFF
< FYA AsAES W FRFNA Zolr) gllen Hi o] &8-S frIEHIE A

TFo A B} =ortty B st

S

¥ =-5.21153x%+3593x+ 45.283
R*=1

Yield of radish (t/ha)
3

40

20

T1 T2 T3 T4

#2012/2013 M2013/2014 @ mean

Fig. 1. The total yield of radish as affected by amount of organic fertilizer in a Volcanic
ash soil. Different letters indicate significant differences at p<0.05 (T1, N-P,0s-
K20 : 0-0-0; T2, N-P20s-K;0 : 115-35-40; T3, N-P205-K,0 : 230-70-80; T4, N-P,0s-
Ko0 : 460-140-160; Bars represent = SD (n=3))
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Table 6. The total yield of radish as affected by amount of organic fertilizer in a Volcanic

ash soil
Treatment Yield (ton/ha)

(N-P205-K.0, kg/ha) 2012/2013 2013/2014 mean
T1 (0-0-0) 80° 80° 80
T2 (115-35-40) 96" 104 100
T3 (230-70-80) 100° 121° 110
T4 (460-140-160) 105" 114° 110
T5 (230-200-100) 101° 121° 111
T6 (158-53-35) 86" 98 89

** Different superscripts are significantly different by duncan’s multiple range test at P<0.05

6. FE T5%
ol Ada Foge AHlFo] 7] bt H4dx o Srtehe AE¢E EXTHFig
2). At FFFL 133 AFlA 167 kghaZ T4 A2 FolA Z2la 2date] 49 171
kg/haZ T3 ATl At 2d HF AZA FFHFE TI(FRIE), T2 2 T3 X Fol
A 247 941, 127.5 2 1585 kgha= At F53S B T4 A2 74(H 162.1 kg/ha) tH]
5
k3

22k 58%, 79% 2 8% AL BAT A4t FLFE Alulgo] SAL3tol wheh T4A

o= FUbshe AEe EHAAthFig 3). ol %S 11d 2 239 APl 22 50 2 49
kg/haZ E5F T4 22 7olA LAk T1, T2, 2 T3 A& 79 2@ ot A FHe 24zt

T 7

312, 44.6, 2 483 kg/hal 2 Ht) F5+FS B T4 A F(H T 49.5 kg/ha)el 47 63%,
90% B 98%°] FrEds BT il e F5E T3 ARl U1kl we 543
o2 dtstA FUkeske AES BAon dA5d vlsd S HAthFig 4). AU S5
Fo 19 9 2dxk AlgolA Zh7F 241 kg/ha 2 201 kg/hal 2 5 T4 X 2] oA AT
T1, T2, 2 T3 Agl79 2 H 2] FT5FS 2420 1522, 199.8,  205.2 kg/ha® T
FrEe Bl T4 AYT(H T 220.8 kg/ha)e] ZH2F 69%, 90%, 93%2] FT&s BT ©]
FrAFSHAl Ashoka 5(2012)% E|HIS} }8tH| 5 AlH] o] Z71E45 Fo] da 9 Ze
o] St =3 A4 9 4] F5EFe F AET T A BA(r=0.999) 0.98)
7} vf$- =tk SFE T Singh $(1995) 220, 50, 100 kg/ha)2} 21(0, 40, 80 kg/ha) AlH]
FAPoNA Fo A& FFHFE DA Ao F7MEFE FoA JA STkstden, Z
F 55 A FANT 0.19 gFolA 027 gF(50 kg N/ha) & Z71e3 21} 100 kg

Nha FFolAe 238 oot stk 18]l 919 A= 3 259 F5E 79

o
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R* =D.9897
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#2012/2013 M2013/2014 W mean
Fig. 2. Nitrogen accumulation of radish as affected by amount of organic fertilizer in a
Volcanic ash soil. Different letters indicate significant differences at p<0.05 (T1,
N-P205-K20 : 0-0-0; T2, N-P;0s-Kz0 : 115-35-40; T3, N-P,0s-K0 : 230-70-80; T4,
N-P,05-K0 : 460-140-160; Bars represent = SD (n=3))
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Fig. 3. Phosphate accumulation of radish as affected by amount of organic fertilizer in a
Volcanic ash soil. Different letters indicate significant differences at p<0.05 (T,
N-P,0s-Kz0 : 0-0-0; T2, N-P,0s-K20 : 115-35-40; T3, N-P,05-K0 : 230-70-80; T4,
N-P,05-K.0 : 460-140-160; Bars represent £ SD (n=3))
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A JA FTINHLY Aae] Folles dFE FA= T Bt Islam 5(2011)
& A AHZHN-PK : 180-30-120 kg/ha) 710 2 30|22 AHSHYS of o A2, <
A2 2] FEe Zh7) 141.5, 24.8 18] AL 150.2 kg/haolw, EH]+3}8tR] g ER(FHA

F 7 &) B gH O= AT B 54t stk vl Asghar 5(2009)2
F71%8 FAHES Tl AANEE 2ol ARISAS W F-o] dA F5Fe] K98 A F

hston, Bele] A F4de AavEE A% Ansiae W dolurkn Rusharh

250

200

150

¥ =-7.992x* + 61.093x+ 101.73
R*=0.9478

100

50

Potassium (Kz0) accumulation (kg/ha)

T1 T2 T3 T4

#2012/2013 M2013/2014 W mean

Fig. 4. Potassium accumulation of radish as affected by amount of organic fertilizer in a
Volcanic ash soil. Different letters indicate significant differences at p<0.05 (TT,
N-P205-Kz0 : 0-0-0; T2, N-P20s-K20 : 115-35-40; T3, N-P20s5-K20 : 230-70-80; T4,
N-P,05-K,0 : 460-140-160; Bars represent = SD (n=3))

7. G olEE

o] A4 o] &&e AMFo] SIS wet A 08 raste AEFS EATKFig.
5). 13 292k Aol A Zpol7h k=Tl 194k AldellA o] &-&o] w9 w3ttt o] A4
o]-&-gollA AolE HQl AL 7t A FHIE M T AAi FFEF Afold 71T A
o2 HRITh T2, T3 ¥ T4 A FAAe 21d ot A o] &&2 77 27.9%, 28.0% L
14.8%% T3¢ T2 A g3kl 2pol= 79 gIATh QIAk o] 8-&2 Aln|FFo] F7igtol whe} 2
Ao g2 HAasAEH, 1d, 233 AlgolA vlsg AdS BATHFig 6). T2, T3 ¥ T4
el el 2@ Hi A4t o] 882 ZH7E 38.3%, 24.5% E 13.1%=2 Al Fo] F7IE =
o] &-&o] ZastAnt 181 ZE] o] &85 Al o] FUMEk wet A 07 7HAsk



o A FARF AEFS HYTHFig. 7). T2, T3 2 T4 A FolA 2@ H
& 7 119%, 66.3% 2 51.0%=Z Fa 2 4k o] &80 Hlg] FJuldo=z =
UERATE ©]9} fALSHAl Ashoka $(2012)% F-9o AEF ik A EAY igtar 9
TEFE FHHl B SR E(NPK) AlHlFe] F71El wet Frheh i ol &&
4%t Bastgdnh o]9f o] AH|Eo] FUIETE a4 T o] &&0] st AL
3
A o2 A HFS FA He AAE Y54 Fth(Zebarth et al., 1995). Kim
5(2005)°] FulF AMY7IE F F71ABIE ARl 2 Eoke] Fr|edA i WstE
ZAMGE A H A A AH o] F71E S B A4t 2 Yoty AAF ]
ofA M Hupgt F71ERIE AL HSAT Tl oF FE FAY Jhsdel ok s
o webA AR frlEAtES AAetal EY § S BAsh] siAe TRt
714 s 9 HY] 55 FE3 EQf ¢ure el AlMZE esitty ddEn.

TR ool AFHIL UGB FFol Zkstel FRO HA% BRPL s en, ¢
_<|_>r

50

45
40
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15 }a §:
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T-N use efficiency (32)

5 v =-6.6804x2+ 2019+ 14 343
RE=1

T2 T3 T4

#2012/2013 M2013/2014 @ mean

Fig. 5. Nitrogen use efficiency of applied organic fertilizer N by the harvest portion of
radish in a Volcanic ash soil. Different letters indicate significant differences at p
<0.05 (T2, N‘P205‘K20 © 115-35-40; T3, N‘PzOs‘KzO 1 230-70-80; T4, N‘P205‘K20 .
460-140-160; Bar represent + SE (n=3))
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Fig. 6. Phosphate use efficiency of applied organic fertilizer P by the harvest portion of
radish in a Volcanic ash soil. Different letters indicate significant differences at p
<0.05 (T2, N-P,05-K,0 : 115-35-40; T3, N-P,05-Kz0 : 230-70-80; T4, N-P;05-K0 :
460-140-160; Bar represent + SE (n=3))
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Fig. 7. Potassium use efficiency of applied organic fertilizer K by the harvest portion of
radish in a Volcanic ash soil. Different letters indicate significant differences at p
<0.05 (T2, N-P,05-K.0 : 115-35-40; T3, N-P,0s-K;0 : 230-70-80; T4, N-P,0s-K,0 :
460-140-160; Bar represent £ SE (n=3))
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N. H (2]

B AT F7IANIA A, Q14 g Ze] vl A8 e 2 91 *@%ﬂr T4
FEo FrE 283 FY SR o8& F& TFHIALh AYWEL F BZFANF
(N-P,05-K50 : 230-70-80)= 7|02 AH]FES 2|8 TI(HFPIE), T2 (N-P,0s-K0 : 115-
35-40), T3 (N-P,0s-K,0 : 230-70-80) = T4(N-P,05-K,0 : 460-140-160) =] 2]e}, B30
013t FH A FF TS5 (N-P,0s-K,0 : 230-200-100) L& 3L 571838 AlHZF T6 (N-P,0s-K,0 :

158- 53-35) & 642 E st} om Z}z7te] AlH|gFol| 9o fr|du|ge] AMEge 24
st 753 24w ZEYIEK0 22%)E BEAHIEte] AdS s 7 5%
AL T3 (EEAINE) 2 TS (EFEA A o FAAN ) ATl HFdes ARl
o T6 (B M) AT Bo}h 15-23% Z7HEAeh 7o Ad 4, 2k & %FA FrEe
AH|FFo] FTeke] wel BF A 07 FUbshe AFS BYlow ZE Fde] A4
4 QIMET Bokth I8y dAh T FY FEY o] 882 AN FU1Eel nEt =
T JAE e AR E AU ek SRS Ed A - AiAl f71EHE AlS
T TFE T EYHAANZS 7F0 7 AASE Ao| B} b F A F7)E5AE A
ke 9%k AA AMEFe R Ak ik
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