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ABSTRACT

The volcanic ash soils from the Jeju province have low available phosphate because of the high phosphate
fixing power of the soils. Phosphorus fertilizerwas dressed after cultivating green manure crops and before
cultivating potatoes in order to investigate potato yields, the available phosphate contents, and phosphorus
balance in the soils.Green manure crops cultivated in this study were hairy vetch alone and hairy vetch and rye.
During potato cultivation, four treatments were conducted in the experiments; NF (non fertilizer), P fertilizer
(N-P-K =0-25-0 kg 10a™"), NK fertilizer (N-P-K = 18-0-19 kg 10a"), and NPK fertilizer (N-P-K = 18-25-19 kg
10a™"). There were no differences in the yields of potato stem and tuber from the cultivation plots of different
green manure crops. However, in the plots with single-sown hairy vetch and mixed-sown hairy vetch and rye,
the yields of potato stem and tuber were higher in the P fertilizer plot than in NF plot. The yield of tuber among
the treatments with mixed-sown hairy vetch and rye was the highest in the NPK fertilizer plot. The available
phosphate content in soils initially increased with time in all plots, but began to decrease gradually after Oct. 18.
The available phosphate contents were high in the plots for phosphate fertilization, and the difference in
available phosphate content between non-phosphorus fertilizer plots and phosphorus fertilizer plots increased
with time. In the single-sown hairy vetch and mixed-sown hairy vetch and rye plot, the phosphorus balances in
NF plot and NK fertilizer plot were very low, while those in the P fertilizer plot and NPK fertilizer plot were
high. In conclusion, available phosphate contents in soil and the potato yields were increased by phosphorus
fertilization when potatoes planted after cultivating hairy vetch and rye together, compared to hairy vetch alone.
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Phosphate balance according to soil incorporation of green manure crops under different
treatments.

Treatments Input (A) ('kg 10a".). Output (B) (kg 10a™) Balance
Green manure  Chemical fertilizer ~ Total Stem Potato Total (A-B)

Non fertilizer 2.40 0 2.40 0.61 0.50 1.12 1.28b"

. P 2.40 25 27.40 0.82 0.53 1.35 26.05a
ilei‘crg NK 2.40 0 2.40 113 073 186 0.54b
NPK 2.40 25 27.40 1.40 0.96 2.36 25.04 a

Mean 2.40 12.5 14.90 0.99 0.68 1.67 13.22a

Non fertilizer 3.57 0 3.57 0.61 0.60 1.20 2.37b

Hairy P 3.57 25 28.57 0.89 0.60 1.48 27.09 a
vetch + NK 3.57 0 3.57 1.23 0.94 2.17 1.40b
Rye NPK 3.57 25 28.57 1.69 0.92 2.60 2597 a
Mean 3.57 12.5 16.07 1.11 0.77 1.88 14.21 a

T Treatments with same letter in each column are not significantly different (Duncan test, p <0.05).
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Introduction

AlFA| Y HEFS i shitelEdfo g Fedo] dosht Wiahd f7=2] H2 Al Qo] &899
H719]-go] 41 EFEALE XYL Qo] vl ert 2 AL do] Holzl= A

Ahin and Kim, 1975). ZL&{u} A5t B tis]] BI& 5 AR Ax, d9EAQl Sits|E o) A = AVt Al
o] AA HE LT S Zolehs gt 2] faeit ot RIATpH e ey |79t
T =2 Holu, firEehgel] 2 EYelie drIAgkgdo] A iAoz A7 et 4-2)= Wt (Yoo et
al., 1976). A5 MR EL= QIAES 52t 1174 7]
(Yoo and Song, 1984). A5 EFe] FRlitol theh F71e|el4te] vlE-2 ESFol met th=r, Zotadeiof wat
Al-PE= 6.9~28.8%, Fe-P=24.1~26.9%, Ca-P=7.4~11.9% HHo|H 3-8 2142 0.7~8.0% % Ul Yt (Shin et al.,
1980). Al EAS QAHFE]E B H|+= Al-P > Ca-P > Fe-P 420 2 SIS EQFo] HISHAES] EQFR T Wt (Joa et
al., 2007). o]&|gh F-8-d it o] tefo] =11, 2hEe -fagt QAR R A4 0 2 Yt (Shin and Kim, 1975).
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59 AR Bk 7] wfRel] EYAE St 2HE 0] +7kS FTHAIZITE (Matzuda, 1981; Sarantonio and
Scott, 1988). Fak=H] A== TF{to] oJsto] 1AH HAr} oE 2FzEof| o] 8511, 4k} AE] g4-Eo] Yo}
of 84 AR5 S-ol85tH HelE AA 7= BAlOl A ES] 4ES 7hdsto]
AEZS 27 2k B3t mH|2RE0] EYol| 7FiAH EYEe] St FU 13w e E 5771 =

A2 EGO] B84, sfetd Bl nE4 AES NWHAATT (Yasue, 1991). =82S &
ZIA] FEFAE ZAR A} d4-0] 739 20 3hS HERI Lo, 4R 71 ellA] -0.3~5.8 5 A 9] 0ofl 4
St 22kE TRte 24 QlikE]o] Byt =Skt A= AR Sl vlo 2 5ee] gol 'Hx o] At
7} E Qo). =HAE 0] AR FRB g TP A, Ak e ZF7F §.2.7.7,7.8,21.9 kg 10a, Slo1=]
HZ]=17.0, 8.6, 22.9 kg 102 0] T} (Lee et al., 2005). WehA] QIAt1A 2 o] 2 SIS E oA 50| 2HE-S AfHlish
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Materials and Methods

ZHIZE Ml 2 AL AFEEAA T AAEA] JAES ALt nAESE (A998 ol 438 =30k A1E
EFO] BI8HAE pHE= 55011, 97182 69.1 gkg! O & W1 G a4 74 8 mg kg O & W, X|gA] Za,

Z4r W oS 2424 0.62, 3.4 2 1.2 emol kg o] 1Tk (Table 1).

e

~

Table 1. Soil chemical properties of the experimental field.

) pH OM Av. P,Os Exch. cations (cmol, kg’l) EC
Soil texture B 1 -1
(1:5) (gkg?) (mgkg™) K Ca Mg (dSm™)
SiL 5.5 69.1 74.8 0.62 3.4 1.2 0.36

OM, Organic matter; Av.P,Os, Available P,Os; EC, Electrical Conductivity.
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H|2FE-2 oflof 2] 2] T 2 2t} sflof2|H| %] 2ato] 23 2| = sfod 3 11 Yol mhE5t3l o™, nhga2 5l
ol2]#|2] 13.5 kg 10a”!, SIFLE sllo]2]H]A] 6.8 kg 10a”' 2t T8 11.3 kg 10a™ ©]QIc). Aed A|FF 371 742t
210 m* o|Sitt. 5H|ZHE2 6 28 Yol S=8foto] Seagatt F Al ZAbolo] it FFS Aot mHluka
+ 69 290l EHEE AGsto] mfafstait.

AExz| & ZXIxHE  ofloj2]H|x] Thtet sflojefH| 2] + 29 SuplE St Shgl o™, At AEiA] FH]A
P AJH]AL (N-P-K = 0-25-0 kg 10a™), NK AJH]7L (N-P-K = 18-0-19 kg 10a™") ¥ NPK (N-P-K = 18-25-19 kg 10a™)
AlHIEO] 44 25 A= tol A HIA S ARESHRITE AlEAE WA 3.5 x 5 m o] Ut AR = =H] 2}
= 2h 251 8 270l AHAIAR] 70 x 25 emZ 1ESto] 129 109l <ot
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Fig. 1. Soil temperature and rainfalls during potatoes cultivation.

Results and Discussion

r

Bl =HRE Seefat ] of ofgt B QA SRRk Slloje]HA] + Y 2ulrt
Slloje]u2] gaptE o E@oleh o] 722 9| QliteleEo] sflofe|H| 2] Kot B7] wfZole}. Teut =129 Ql4t
2 sHERel ESE|A YR sllof2|H|X] =H]7} oF 2uf A T2 914k RR-5kal $=H] (Cho et al., 2006), =
Lol A QlakglEke Sloja]H| )7} 10.4~10.8 gkg!, THo] 12.8 gkg ' 02 THo] &=t} (Table 2). S SlA]

J
g4l Qo] oo] Wala} 2 T4a0] B Al Pl A] 2 2 (Kim el al., 20127 o] A4 kH] 4:8H4]
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Table 2. Dry yields, P,Os contents and amounts of phosphate supplied to soils by green manure.

Dry yield P,0s P,0Os supply
Treatments (kg 10a™) (gkg" (kg 10a™)
Hairy vetch Rye Total Hairy vetch Rye Hairy vetch Rye Total
Hairy vetch 230 - 230b" 10.4 - 2.40 - 240b
Hairy vetch + Rye 116 181 297 a 10.8 12.8 1.26 2.31 357a

T Treatments with same letter in each column are not significantly different (Duncan test, p < 0.05).

N

Joll 0] 40 ZghIol] holck. slofelm|) + 52 ExlTelA ojeluAle] OJg AT Beleto] v 71
& wgego] sofel| x| et Ho] o] v jZolc,

©

X E7] W AR WAY  =0akE B 3 RS At At sflof2]H| X dhubtet sllof=H|A] + o
Sup7bol £719F 77 o] A TAER! FrelRPE flgl ot slofeH|A] + S Subofl A 2 el
(Table 3). sflo12]H| %] Thrptoll ] AJa]=Eg o] £719F 1] 732 FR]FRE T QUL AJH]EOlA] 15~17%2] o] 571+
AT Z12uE NKAH|F B NPKAH]-O] E7]9F 3782 dAe ZEjAM] 2 F7H= Lo, NK2FNPKAH][7H]
FrolAQl Zol= ISt Z1E]ar sojefHR] + o Suhto] £7]9f M7 i TR QA M2 S]]
o], NPK AT 2,675 ke 1022 7H otet, T902] ALEAGIA 2] QU 2e)S SAIHE o) a7

ol A gl 197} 71l 2R A SR RIS AR A2 sk 3
SE198=t] (Lee etal., 2002), QKPS 7SS ool chaye] QUkS AL 5lol s 242 Ul E ok ol et ci 2t

o] 9l o1} EQkRo|A] o]5AJo] AT, 44 SAEA L ¢Fom S G T} @) B9 Z]é,\— It} (Lee et al., 1984). &
AROIA A K180 8 7] A8} 3174 2710 ajo] 2] e AL At F520] 0.50-1.03 kg 107 © 2 A,
O] FEL 0.87~7.22%= 7| WlEo|c} (Table 4).
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Table 3. Potato stem and tuber yields at harvest.

Treatments Stem_] Potato tu-tl)er Total_1
(kg 10a™) (kg 10a™) (kg 10a™)

Non fertilizer 778 ¢’ 1,333 ¢ 2,111 ¢

P 918 b 1,535b 2,453 b

Hairy vetch NK 1,352 a 2242 a 3,594 a
NPK 1,474 a 2,465 a 3,939 a

Mean 1,131 a 1,894 a 3,024 a

Non fertilizer 782 ¢ 1,261 d 2,043 ¢

P 1,011b 1,479 ¢ 2,490 b

Hairy vetch + Rye NK 1,450 a 2,300 b 3,750 a
NPK 1,500 a 2,675a 4,175 a

Mean 1,186 a 1,929 a 3,115a

TTreatments with same letter in each column are not significantly different (Duncan test, p < 0.05)
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Table 4. The amount of phosphate absorbed and utilization ration of phosphate.

P absorbed amount P utilization ratio
Treatments (kg 10a™) (%)

Shoot Tuber Total Shoot Tuber Total

Non fertilizer 0.32 0.22 0.54 - - -
P 0.39 0.23 0.62 0.83 0.04 0.87
Hairy vetch NP 0.54 0.32 0.87 2.86 0.92 3.79
NPK 0.61 0.42 1.03 4.36 1.80 6.16
Mean 0.47 0.30 0.77 2.68 0.92 3.61

Non fertilizer 0.24 0.26 0.50 - - -
P 0.36 0.26 0.62 1.13 0.01 1.12
Hairy vetch + Rye NP 0.54 0.41 0.95 3.47 1.39 4.86
NPK 0.58 0.40 0.98 5.99 1.23 7.22
Mean 0.43 0.33 0.76 3.53 0.88 4.40

EYo| fEelit o Wat B fra it 95 foks s Aol ARte] A g 7R A
o191 109 18 47H AAfs] A= 3t (Fig. 2).

QhttEo] Fultoll A ST Ak 242 SulEkae] o8] Q1o 2.4-3.57 kg 10a70] 3
5|71 mZo ]t (Table 2). SHAE0] A== 59 EF F Qike S5t ittt =ofol eheld 5 #8li=laL (Cho
et al., 2006), FAFARER71E EF =ofol Qlite] FHE 317 el AR 2710l B frasiitetaol 57k A
© 2 gebdn). sulghed & R7]Qlite] Aok eio] mhE q10] Fei7t 2hEo] 4 o187 412 Al-P, Ca-P] FH|
= Zghs]o] ZZof F4 ol 5AL, of - ARRte] FustA Pl A FEl]] Fe-P2 HSHETE (Cho et al.,
2006). AEHER AR RS QARSI A =3 em, ARTo] A g5 QRIA 82} QAT A8 bl 2}
o7h 72 il Fgoll oot Felrt. 013 A= Cho et al. (2006)°] SHHIAE Fof w2 B Q1A
RSt Al AT BEYT At R QT RITED QAR A] 241, AlTto] B QUTAJH]
Tt A %’—94 Aol S7 = ATtar Bareh 2wk 22 73] ME} JEM M= AL S7HR Bl #a
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Fig. 2. Changes of available P,Os contents in soils during potatoes cultivation.
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QUM B W OIZE  QUH G U OS82 Wa+ QUb+ Tl ol 1Y 3L

o
T-O] QI4F O] 882 4.40%E Slo12HIAT-2] 3.61%E T =T (Table 4). ]2t o] QIAE F4-aFt o]-8-80]
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QIARQEEL AX|  Qlato] oFE AL Slloj2jul| x| Thuf L7} B 13.22 kg 10a”, o] + &8 Sultr} Bt
14.21 kg 102" 02 Su}417} =Qk ot 5-oZ 91 zloli= gliet. vl g 42 Qli=2]= Fllof=]w| %] ThbofA] F
H|TL 1.28 kg 102, NK AJH|[F- 0.54 kg 102 2 o} WO m QIARS AJH|GH P AJH|ALQ} NPK A|H| oA Z+2}

SRl Aol e Bg AP oll A I LrehdA] okt (Table 5). SPTSIEQR 4t 1142 0] 4241 (Shin and Kim,
1975), Bl QIR A8 & A2A850] o 85 ik A o™ Hi R =891t (Joa et al., 2007). T}

A 2] QU] 231, 7hg 3k Qlito] thA] 3 wlo] QLiEuR A §Lut vk

Table 5. Phosphate balance affected by fertilization after soil incorporation of green manure crops.

Input (A) Output (B)
(kg 10a'1) (kg 10a'1) Balance
Treatments G Chemical (A-B)
reen eTn.lca Total Stem Potato Total
manure fertilizer
Non fertilizer 2.40 0 2.40 0.61 0.50 1.12 1.28 b7
P 2.40 25 27.40 0.82 0.53 1.35 26.05a
Hairy vetch NK 2.40 0 2.40 1.13 0.73 1.86 0.54b
NPK 2.40 25 27.40 1.40 0.96 2.36 25.04 a
Mean 2.40 12.5 14.90 0.99 0.68 1.67 13.22a
Non fertilizer 3.57 0 3.57 0.61 0.60 1.20 2.37b
) P 3.57 25 28.57 0.89 0.60 1.48 27.09 a
Hairy NK 3.57 0 3.57 1.23 0.94 2.17 1.40 b
vetch + Rye
NPK 3.57 25 28.57 1.69 0.92 2.60 2597a
Mean 3.57 12.5 16.07 1.11 0.77 1.88 1421 a

T Treatments with same letter in each column are not significantly different (Duncan test, p < 0.05).

Conclusions

Al shtelEgelA slof2]H|z] gt 8l slof2]H|2|e oS Sutslo] FH| 2 Bkl ghelet & AAE Al
o QlAH|= Algo] GAE, B Rait B QAo n)A]E 9= AR SHldE i B it
ghlEre slof2|HA] + 2 Sxitr) sf|oj2HA] ThbrE e gkt SHjdE Eokehd & RS Age v 2
AE719F A7 o Aatere slofelHA] Thuftet sflofe]H| %] + o Euhtto] Zfol7} QIitt. slof 2 H| %] Thbte}
sflof2]H| 2] + 28 Supolld HARE7 |9} 9782 FHlTeE QA HIE] oA Q1 Aol 7t ik ARF e
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slloj2fH| 2] + T SupLo] NPK A 2ol A 2,675 kg 102 & 7P Bleh. EGRR AT ot A 7iek7 19
109 18Y7H] Z7F=|ch7t 1 & HAE| gl o, ATto] 21d4-5 Qlit AL} QIAt AJH|E7to) 2ol 7k A Lt
Itk QAR sllolg]ulz] Bubrt 13.22 kg 1027, Slola]ulz] + 59 Suk77} 14.21 kg 102 02 BS54
o] ict. vlEAE]H QAR = FHIALLE NK AJHLIA] 0.54~2.37 kg 10a™' 2 WEOH, P AJH]HLL} NPK AH]

ol 25.04~27.09 kg 10a” = =0tk AEA0 2 TS Auid off slof2fH|x] Datkct sojjH2] + SU-S ox
Aafiste] B F QUPEH|RE Al85HH E -Fa it efde] 5711, 7A; 4o S7H= 31t
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