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SUMMARY

It has been very difficult and almost impossible to observe P-fertilization
response in the citrus trees because no proper method for P-status diagnosis
was available. For reason of this fact citrus growers in Cheju have applied
very high quantities of P-fertilizers in their orchards every year and a
considerable amount of phosphate has been accumulated in the soils.

The excess accumulation of phosphate in soils might result in the
deterioration of fruit quality, the nutritional disorders, and environmental
pollution as well as wasteful farming cost.

Therefore, these studies have been carried out to develop a method of
effective phosphate diagnosis which can measure the physiological phosphate
demand of the citrus tree and provide useful information on P-fertilization for

the citrus growers.

A. Methodology Development of 32P Bioassay

For the development of 32P bioassay technique suitable for P diagnosis of
citrus trees, some experimental conditions were examined with the 2 years
old sand-cultured and the 10 years old field-grown Citrus unshiu Marc. var.
Miyagawa.

1. In liquid scintillation measurement of 32P activity in fresh roots, the
physical quenching, self absorption of B particles by the root tissue, could
be successfully corrected by the multiple regression method with the
scintillation activity of 32P in the roots and the root biomass.

2. The storage of root samples was better at 20°C than 4C.

3. The fine roots were distributed mainly at 5 - 15 cm of soil depth



around the outward edge of canopy.

4. The P-uptake activity of roots was not influenced by either the root
directions or the root connections to nonfruiting and fruiting branch.

5. Optimum numbers of root samples per plot were 7 to 8.

6. For the 32P bioassay, July was better than May or September.

B. Sand Culture Experiment

A sand culture experiment was performed to find out the relationship
between the P-uptake by the excised roots and the amount of P-added, with
2 years old Citrus unshiu Marc. var. Miyagawa and Okitsu cultured at the
different levels of P concentrations for 6 months.

1. There was a highly significant correlation between P-uptake by the
excised root of citrus tree and the P concentrations of culture solution
supplied.

2. The varietal difference of the P-uptake between Miyagawa and Okitsu

was not shown.

C. Pot Experiment

The principle of 32P bioassay was confirmed with Citrus unshiu Marc. var.
Miyagawa and Okitsu grown in the pot for 6 months at six levels of
phosphate.

1. High application of P-fertilizer decreased the P-uptake by the excised
roots but increased available P in soil.

2. There was no difference among P-content in leaves and branch length by
the P-application.

3. It was not able to observe varietal difference of the P-uptake between

Miyagawa and Okitsu.



D. Field Experiment

In order to apply 32P bioassay technique to the P-nutrition status diagnosis
of citrus trees, the seven experimental fields having different levels of
available soil P were selected. Fused phosphates were applied 0, 0.5, 1.0,
1.5, 2.5, and 5 times of recommended fertilization rates for 3 years.

1. The P-uptake activity of roots was higher in the fields with low soil
available P(less than 30 mg/kg) than the high available P in soils (more than
80 mg/kg).

2. The P-uptake by roots in the fields lower than 30 mg/kg of available P
was decreased significantly with increasing P-fertilizer level and the response
of P-uptake to P-fertilizer became more distinct in the 2nd or 3rd year than
the Ist year of the experiment.

3. By the increase of fused phosphate application, the content of available
P and total P in soils, exchangeable Ca, and Mg as well as soil pH and
CEC were increased.

4. The contents of P, N, K, Ca, Mn, and Zn in citrus leaves were not
influenced by P-fertilizer application.

5. The P-fertilizer application did not affect the branch length, fruit yield
of citrus and Brix sugar content in fruit juice but decreased the content of
titratable acid.

6. The P-uptake activity in the fields above 150 mg/kg of soil available P
decreased very slowly, which indicating that no more P-fertilzation was
necessary for those fields.

7. It is concluded that 400-500 pg P/mg root of P-uptake can be used as

an index to diagnose P nutrition status of citrus tree.

E. Farmer’s Field Experiment



The 32P bioassay was conducted for the root samples from sixty citrus
orchards selected in Cheju-do to ensure the relationship between P-uptake,
soil available P and leaf P-content.

1. The correlation between the P-uptake activity and soil available P was
shown higher than that of soil available P and leaf P or P-uptake activity and
leaf P.

2. The P-uptake activity was low and decreased slowly in the fields where
the soil available P was above 150 mg/kg corresponding to 450 pg P/mg root
of P-uptake which were identical to the results obtained from the field

experiment.

It has been very difficult to know whether phosphate supplied to the citrus
trees was sufficient or not because no response of P-fertilization was
observed in terms of leaf analysis, fruit yield, and growth measurement.
Through the present study, however, the 32P bioassay method to measure the
degree of P-demand by citrus trees could be demonstrated. The threshold
point obtained from the exponential curve plotted the P-uptake activity against
the soil available P was about 400 - 500 pg P/mg root which was very
well correlated with 100 - 150 mg/kg of soil available P.  This fact means
that in the citrus fields with high soil P (over 150 mg/kg) the P-uptake by
citrus roots would be very low and consequently very little response to
P-fertilization expected. From the results obtained, it is considered that 400
- 500 pg P/mg root of P-uptake or 100 - 150 mg/kg of soil available P can
be used as an index to determine whether P-fertilizers should be applied or
not. In order to make sure of the index value, however, continual data
accumulation would be necessary for the variable conditions of soil types,

tree ages, varieties, and altitudes of plantation.
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AEAUL] FEHZol BAF] AIE F ol USRI R 27 Yauhy
o2 APA drl. EY, EoF HUEMY HPox I BN} FE 4K
ol 3 £t d38edAte ¥4 A=A et AAo] gt

#HES 998 FEIZM i A8 del 3 dggel gl o Wy
(GFE, 19713l 7]&8 PPoz: FUdeles EE Auurgg B3l
Z3lci 43 A lth(Reuther 5, 1958: /& 5, 1964 B 5. 1966: £2}
B, 1971: & &, 1973: 3=} 8, 1979). wiabd 2R e] Aat dPatel§ &
o oAnisia FHIA ADY £+ dE PP YL WA Hoeg Az 9
€ 24 dAAHIE AREHAT] A nl$ F28 dolth

JEg & dF: AR QiAo F2 42AF ATAW 3P
bioassay'fl(Harrison %, 1979, 1982, 1984, 1986)& <zt }%o) Jﬁogogala
of o] &3l Jl&d& B olF 72T geiHA Aw] He P Al 3t
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Yo AMEojA ite] AYUE Ggortzgoe] A MEEY
(&M= A&, 1987), #3’d(Terrys} Ulrich, 1973), w21 gAd (4, 1982) 1
2lal o] AzHA £719 el HIE(SR ratio)o] Wolx|A HrH(Mengel
2} Kirkby, 1987). 53] 2igof = Qlite] REs|A Alxe] g3} ole] w
o R e ezt YA Ha dF A Fae] Yol ERANA 4
T3 UL Wol=itia ¢ A gltHMengel2} Kirkby, 1987). 12 } Qlate]
330 AYUAA wed g&o| JAH 3] Zn, Fe & Cu o} T2 nPY
290 Fot A{FE AARcHHk, 1982: Mengel 2} Kirkby, 1987).

ARz zp42] it Ay VA4S BAUAY £ Addrhes AHE n$ =8}
3 da{A glom(Reuther F, 1958) orange?] Z$%= At BF g Ao i
ob& 4 Qitli 3tdcth(Jones 5 , 1968). ER}, ZFolA #HAK 5(1964)of 2J%H
10 A Zte] QdabAn] AJ@olu K 5(1966)2 B 5(1982)2] A4 AJu] AJgo)
ME S AuNbgS BAY £ godcta stgdct. dutyog AU 4ol
A QA F4gko] A2 2 A H(Greenham, 1980) UFAME QA Ffako] 2
22 1/6 22|32 7tele] 1/4ulo] E2stn (R, 1991) ZIFUFEe ulz3 B
tael B¢ dAts 4 E48 4 oUcHChapman, 1934: #K, 1979). =&, %
B 5(1966), €3 B (1971), 3t} #(1979), # 5(1981), 8 5(1982)2] 7
oAM= it AuE EQFY FAUA P F7AE 4 ddoey £ 2
3} 24 o) G Fx| BNt B up Qe a2y Fujele] =g
AH| 2 Lisbon €2 +3& F7IA 4 2ctz 3l cHRodney 2} Sharples,
1961).

A, A Aly] BA2Fo 71 FHRY RS AYFY AP S dRh= B
I(/BK, 1960: A 5, 1969: #5K, 1979) oo z2pAe] 2M(/hbk, 1960: 3K
X 5. 1969)o|L} 3jolo] EI}(/hHK, 1960: #K, 1979)= FA¥cia dajx 9l
th it FFel ¥J/Y Fed: A E FUA 3tz 4R F/HAa
Hsta Arh(EAF, 1969). o] it FFo] A}Ud AL HIF+E LLA



7)31(Spencer, 1960: #AK 5, 1972: #K, 1979) 2Mo] HIUAIL(HK,
1979) 9 A2AA Ao FAE AM3pA|Urtal(Eableton F, 1971) 43
A olch. ¥H, il 4F P, Ca, Mge] =& F7HA7IU(Embleton &,
1956: Bingham %, 1958) P ¢} Z3}2}8o| 9l= N(Chapman,1951), K(Embleton
5. 1952), Zn(Reuther£} Neller, 1944: West, 1938), Cu(Reuther %, 1949;
Bingham2} Martin, 1956) 2] ¥&& Y&riza B335 Qlch

AAt & A& #l3 A 8E MY FHAME A2 A{ BFuUE
SRR HBmAR F, 1972) A Ffe £ Aoy A 43
Edo] 288 32 Qotn($Kk 5. 1972 B 5 1981: 8 5 1982) Zn 53}
2L nPAre] AY ZAHA 5. 1981: 8 5, 1982)o] Uelydria 3tdch
EX, BH(1973) dAt AN Z27t EFF37] o] At gE AMlE A
APWon] Eggert F(1952)2 FBAINH <Arhu|Ee] ub o]ifo] el o]PH
4 oltha ¥stdrc}.

A ES] FHE FEL allophane o[ (R F, 1964: Rz &, 1975 *
of | 1975) 3¥H o2 AI(OH) ¢ Si(OH)4 & AYEoln Fihu]& 0.3-2.09]
tHR2 €, 1975). H7IXBEF(CEC)E Uit KA EH(Wet &K, 1984)0] uj3)
3] w2 20-200 we/100 g HelolY d7] H2HS Asioi (iRt &, 1975) @
I3 w4 54 wiEo) Ca, Mg, K T2 718 Si ol A3tA YA 5.
1964; Z9} 2, 1975). o[PS YL B4 AMIHE FAUAA AlY §&F
ol Z7islo] #2] Al Po] Wolx|A HTHW T, 1974, 1975). AlS] &&F9 F
7te Ao ez g 33 it B JE FIAIA AHIE A4t AR
2 Al-P 2} Fe-P YelZ E823slo] EQFY FAIA $FE WA 3t (A
o] Hittx A lrhZEe} ZFE, 1975 R} £, 1975). ELolANY Uit 2¥
G5 82y w2 33 27] Al whgo]l F43] ARH =Y 2-3 o
Fol= BYol =Y, F3] 2571 ¥ W At 2 Po] yYrlal Kt
AtH #fa=t M, 1956).

o|MH A4t IAFo| T A EE Jito] FAF Al F4 A AR

ghd
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d2i= Aol(# F. 1975) Helst Fo B9 A4tA v Re T A 2}r} T stod
ol& uWel AEES WANon K|, 4£84 AiH vENr} F&£4 data
Hl £l 84AnE AN of Balo} Fo] £4¥3e §Y 4 Ui R(&
2} ®. 1975) ¥ wu} Qlch

dAd ZAEL2 B2 71T TQol A4 4 317 A dxo| g o
o FEE 2737 o] EYFAN WS ¥ FEL FFol Yl wwof
I A4 F9E el biomassyt A7) WFol Hr} ALYoT QgHg
F4YU 4 glth(Esbleton F, 1967). EX FAUo] FES AAY £ Y= 59
ol 7] dlgol TrIZod  Alujukgoe] A UehA] ¢l (Samith, 1962) FFof
OE BRP(AYL = FA)o] n3Holo} 3}7] wEof(hp, 1991) An] M3k
< +331717 Y&t

A& Z5 2245 AP AP AL(N)7} 15-35 kg/10a, Q4HP205)0)
10-26 kg/10a, 7}2[(Kz20)7} 10-26 kg/10a 22 U3 9l onj(F¥%E, 1982) A}z,
o, Hgote] AM|PRT} thr w2 FYUo|tHAMO REFEKEEZAN,
1978). 1950dciol= AlulZ F7tof 23N Z4del $3o] Z7ihtin Az}slo
B 2§ chF AMstg oy ALE Aul2 ¥ o|3dbgdo] ofdlxle] g )
o] FRszt WAL 196030] o) FRE (WX HE, 1977) Aujgg
A3l Bastdchkik 5. 1974).

Fadol iy A4t vigAlgao]l YA U3 vl gou HFE Mo
BAEA 10ay i ZLu]F2 1970d0) 5.84 P205 kgo|AA(AEZEEAY
5:1971), 80dcio] A% o Zrsdon(AFEEAWR 1986,1990), 19904
2] 7% 26.5 P05 kg (MFEFAERE 1991)08 1970d K} ¢f 58] [ ool
elct.

T, vjze] ZAgol ¥ o] §&S HEY FF, EF EYRA gy
U2 2lel§ Ueiled, zdolMe dutatENc) g o]g80] & mo|n
H4:(30-50 %)L} 712](30-40 x)of w3 AAL2 10-20 x2 F4-8o] Hrln ¢
= ot &, 1977).
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722 FBLelE # Uehdt o] ¢gdol2 2 (Chapman, 1967) G4& B3}
AU dE84& AR ¥ HFUFY FPEE ZA8le] gitH(Chapman, 1967:
Embleton %, 1967: € 5,1969: X 5. 1980: H{ER, 1982). 23} {eltof &)3)
M-S B Y-S G0 VA3 AUHAS do ¥AY 4 dn, KBy
el 2lo] ¥ FF FYPQ Z5 3ol o TIACKHTE, 1982). EFE,
A5 I B$I2 FAY 9, 43, /A FF. 4. A2 2§ e,
e 3, 4E 94309 F3Ag, AAAY, A iR F A A
238G Wy dEol(® 5, 1977: Righetti, 1987: AR, 1982) FE4H& 7}
3 AFYUFY 49 ZHE Axtsts AL oda, EQUY 9E g3 Ly
¢ BAE Holx| =l H3t3 9lrHKoo 5, 1958).

&0 A8 Az A gL ol g3l PF X HelEg Uckste
71&o] iyt A7t Al=R b} Qlr). Greenwood §(1965)2 HAQES FES
3RS ¢ AA&(leaf elongation)?] FHE FHdlo] I ZH4L B0 10 % &2
tt 9 z2& o HFx Ayoletz A3t ERE,  Bar-Akiva 8}
Sternbaum(1965)-2 9l2] nitrate reductase ¥g FA %l o]l grapefruits
URel s Ay o825 dobd u} 2lch Bouma 9} Dowling(1962)2 <Uite&E
& |Welstd A7 AEA A4S MUY H T EHUBE 2SI A
Ay AFE wFBAE ., ol ¥ 1976 Aol A4t Q¥ stress § WS A
EA2 2% 6 aM QAgo] 31 Bt ¥ ¥ Al YU eS FHNA B
s F7RE VIR GE FPUEE U HewittZ} Thaham(1960)
12} Besford(1979)= AAME Y& WxIsL7] #3A acid phosphatase 2| ¥4
& 533195 K Q) Z$ % pyruvate kinase ¥4 & ZA}ste] K @& As}
uel g A% v} elch(Besford, 1975).

¥, A Ee ge3Y o 5§ ZAPSHE 32P bioassayd 9] el A
2ol 2% AAF S AAFF AL Fo BBE ZAevke A d ARA
¥}¥ Birch®} Sycamore §R2] At S 32P2 HX|H 5 x 10°6M QA& do]
215823 FEAIE QA5 QAZFFTAdE & o A3E BHAr

rr

(o]
g
o
44

o
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3 3} cH(Harrison?} Helliwell, 1979). Dighton 2} Harrison(1983)% Sitka
spruce2} Logepole pine®] MthZo] 2Jgt QAtF 40| A4k |u|g} T 49
A5 ¥o B8 JHActa ¥astgc). §3], 32P bioassay-& FA AL
o] W& EQolM zlel:= A g2 AP HAol o]&dH Frin stdx
(Harrison 5,1984) % 9}Zxlo] §1E At (Sitka spruce, Logepole pine)2] @l
At @PAte] 32P bioassay] & ¥E3l $2 HAE AFAcia Basc}
(Harrisonz} Dighton, 1986). 12|iL 32P bioassay'jo] 1x|c] F-Fx] X=z|e] Q)
dAegE dotde nfe {&slche AlAlE ¥R u} Qch(Harrison
5.1986). He2]2] FPoME 32P bioassay Yol FEM Yoy EQR EMuf
H8) A% Wsia Yt A 52 44 DY ARF I dold 4 AUrin
BastdcHmet K, 1988).
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A1¥Y 1. 32P Bioassay W'y ¥3
7. BAME

Citrus unshiu Marc. var. Miyagawa 234 A3 UEE FYUsiel ¥4zt
Eol g ¢33 &2 pot(A7F 28 ca x ol 22 ca)o] H3L, P £EF 0,
10, 50 mg/liter 2 CI2ZA ZAY A4 $2AGEES} A, 1963) 3 THF
22 2 liter 3 FF3lo] MAFulYPa PArbs o8 AF4 SAolM 67493 A
A ¥ AY AR olg3idct. £W, MFuY I UM AulY 104
A Citrus unshiu Marc. var. Miyagawa £Z% ZA|AEE A8¥c)
L}. 32P Bioassay

14070 x| Aol T MIS AT § L JlotHE AN A=
&AL AIARY Fdo] H2Y BAFE ¢+RESE FEIA Nold ¥, AF
F U Qakg AMAS MEe] BEE 3] figure 1 o2t o] 5 x
10-4 M CaSO4 £9Y(Leggett 5, 1965: Garter®} Lathwell, 1969: Epstein, 1972)
of 30 ¥ ot ©@zlth. 133 th¥ 5 x 10°6 M KHzPO4 2} 32P(740 Ba/ml) §-ofo]
Eol ol Hlo|AZ &7 20 °C ofA Y] 15 ¥ T 2PF FFAY 5 Fe
Fo] ol 32P & AABH #3 et BN 5 23 FeE ANHAn
(Garter2} Lathwell, 1969: Bowen, 1971). MIZ& <f 200 mg HY ¥ FFH+ 15
sl 7} Eo] = A&Hol Y3 Liquid scintillation counter(BF 8000,
Berthold) & A}&8} Cerenkov counting 'y (Elrick2} Parker, 1968)2.% 32P
o] g EFH(&AA=A) stdch. 2 F el 2A{FFL Ul & A= 3P
HESF4uA AR A7 3 Rest ol A AFFES P24
12 - 1621 WA AT F AXY Fofl A= RAE Aol W A Yis
& &3(&3A = B) sttt AW Rl Eho] o] & E7IF FFAE
HAY ¥ BAZ(BAF=X2)S Y3 HpS04-Hz02(Ahn, 1987)22 AHE3A|

_.14_



o — [

Root

5x10™*M CaSO; soln #p 740 Bg/ml Washing
30min 15min, 20°C Smin

5x10™* M CaSO,
5x107° M KH,PO,

W1l e

Cutting

Weighing(X; mg) Acid Counting
Cerenkov Digestion (Z, Bq)
Counting Physical Quenching Correction
(A, Bq)

Multiple Regression Equation

Y =aXy + bXz + cX? + K
Counting
(B, Bq)

Figure 1. Flowchart of i bioassay
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¥ ol Aol A LA S FPSAHEPR=Z). ALY A 2FoAA ¥
AHs A8} $ele] AAMFo] AR cfE 20/ ARE AAUste AHEAY W
AHs AZFA(X1=A-B), AHEsIFY Yrbe AFX(Z), WMelo BAMF(Xz), 28]
2 %e] ANFL MFZ(X22)No] ChEHHE F313L, o (Y = aXi + bXz + cXp?
+ K,Kiconstant)& ANERAsYos Reg I L d Are 220
A2%g BAsHE o ol &3y 3l teHANH L XYY 2P YAk (YA
walg AHEANAAE u YrHs ASA(Z)et w2

majo] o3 1587 $5F4E Uit (amount of P-uptake) & AAFFEE
th¥2e 2 yepydch

S5/ FH 32PR(Z) x S Bq x ( pg P/Bq)
=1 = pg P/mg/15 min]

W) A F(X2).15 min mg . 15 min

S(¥AIAZ): P-amount(pg) per unit radioactivity(Bq) of P solution
tl. A g RY

32P bioassay& 3171 HisiA AT Felo P 2AL AESI] H¥ 0,
10, 50 ppm 2] PE 22t il AFANY AFUT] g Mzl 2P
(4 oC)2} A1-2(20 oC) of ®2)F 1821 AW ¥ "' o UY Yoz 2P
bicassayS 4 A|3lo] QUAHE4%5(P-uptake)& v HACt
2h. chab AL Ae]

32P bioassay o| tiAlH L2 @FEHE Qi ¢& AMPRUh: A& UF
817] $131 50 ppa®] PE F38lo] AR A ZFUF ReE s 5
10-3 M cyanide M2 §Fo] @Z U4F5%(P-uptake)S "} o] AH Uy
2 za} v]z2stAch
ol 2] A A

FMz AAEQM EA 123 FHOE FEHY ALd A2 X 53
2} 32p F4YL AR 2P F 10843 YFE AP35+ FiAA
4371x] A(ME 71802 3o o|F o|5ET A A(S)2h 1.5u12) =H(L)}

o x
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ts] £ Zo|E F, 0-5cm, 5-10 cm, 10-15 cm, 15-20 cm, 20-25 cm P ol
g Wa|§ EQR AE AL core(100 nl) 2 A3l core o A& AHZ
o] BMZFE& €3, olF UM M&ER! 32P biocassay WH(HE ‘WY WH)e=
A1FT5& A8k

¥, Egolq EME D21 A FAUL2YYH AedE AIUFe 2UY
BXE A7l §18] 500 ppm P(KHzPO4) & carrier 2 {3} 32P 84 10
m1(3.7 x 105 Bq/ml)& &Het2Y FAZ|o] st dAA(S, M, L)t EAH(5,
10, 15 cm) of F¢J3t2THIAEA, 1975).
2090] ZAAE F £ AYYE 2 /] FEL2E Yol &, ¥ hied ¢
7l A1gE AMe|EE 2 50 & AMABle] 70 oC oA 24 A W o]lF
AA R0l =7 o] YL MgNos £ 25 mlE  7I8lo] 110 oColq AZXAIZ
¥ 550 oC oflA 6 x|zt Azt {HY Aso] AL FFHoet HNOs(1:2)
£ 10 ml & 715t 2t 71d¥ F Toyo No. 5B o }A|& o] § I3 of o] 2
£ 100 ml 7} 5] F 3}gcrt. 5 % ammonium molybdate®} 15 % ammonium nitrate
Ztz} 25 ml & 7}3te] 60 oCe| water bath oA 30 & F¢t Wigx|7|2
(Kolthoff 5, 1969), @Al 2]3lo] ammonium phospho-molybdate FHES ¥HA
oo, of7lol NH(OH(1:5) 5a1& 713l HAES %A ¥ ol§ Tt AFHd
&7 Liquid scintillation counter(BF8000, Berthold) ¥ 32P& &% (Elrick 2}
Parker, 1968)3}2lcl.

=3, F3UFe 24A = u|Ax| 9 AdW Pej(EYd 5. 1960)9 4
NG A0S FALE wygorw Wwe sixe AW Vel & AN dAFF
< &% vz

AFUFR 438 O Ne7E st A3 Ne| A A +§ A
#3 Z3UE 38 1 - 1A X HAN el§ AN ¥ 32P bioassay Y
("U 2 AY)eE AAFFS S RABIY A4EFEe HolAFE F3tof v
238193, EAofA 3I2P biocassay WPA|IZIE AA3L7] H3 AWHU(S, 7, 9¥)
2 2392 141 AN AZE A3 TS vlasiact
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AlY 2. pot zju]l A¥Y
7h. A4 F2] 2]

1) A7 zqul

Citrus unshiu Marc. Miyagawa®} Okitsu ZEVF 298 FY3le Hgn
A7l Bol At 98 H2tAY pot(27 28 cm x ¥°| 22 ca)o] 5 HHHO R 4lof
3YYEH 6 /Y Fet AuistAdct. olul PPN g5 FHAGELE} X
1963)& 71202 slo Pe] 4&1wt 0, 2.5 5, 10, 20, 50, 100 ppm 2.2 )3}
o 3 NHoR 2 liter &) FFslarh

2) £33

2 Al 292 £ F3& 133l FAEQ] 27 kg ol U= UV E
2tA€ pot(ZZA 41 cm x %] 33 ca)od= Citrus unshiu Marc, Miyagawa 2\d
g ngx ZAMEgo] 37 kg Ho A= WP ELY pot(HF 41 cm x ®wO|
33 ca)ol= Okitsu 29 Ztz Aot I ¥ FMEYe] Miyagawaol: 0,
8.16,32,65,130,200 kg P20s /10a 4&o %, ZUMES}] Okitsuoll:= 0, 4, 8,
16, 32, 65, 130 kg P20s /10a $20% £42u]E 390 7|H]2 332 5414 4
M) § sl 67i€ aAguisigct. W, 3do] ALY H|REE Q48 13 kg
N/10ag RE pot o AH|3tAs, 7teld vE B FAEQ potof= 13 kg
K20/10a 22|31 ZMEeke] potoli= 8 kg K20/10a8] d}rie|g 33Tt

Algo] A1 FA] Eo2 54 8 table 12} gl £ pH, FEAA}

Table 1. Chemical properties of soils used for the pot experiment.

Exchangeable bases CEC
Soil pH Available P ( me /7 100g ) (me /
(1:5 (mg/kg) 100g)
H20) (Bray No.1) K Ca Mg
Black 5.10 20.0 1.01 6.83 0.16 19.0
Brown 5.05 24.0 0.48 3.99 1.35 12. 4

-18-



¥4 F7I(K, Ca, Mg) HF2 FAo|y ZMEYo] BF Hixsigd o, Qo]
AR P2 FAEQ] w2 U Hrh
U diETs &%

73 UEE 6 719 5 A2 2= ERE AR §, 3 P E AN
stod AJg 19 ' YO 32P bicassayE HAISte] AFFEE XA
th. g% P 4

6 AW ¢ A7 EE EZANY AFUF dS At 0.1 ¥ FEARR
A AIUN 552 o] 22 ¥+E 72t 3 3] M1 (Labanauskas, 1966) 70 °C
2 ZAY AR7IA 24 AT U] ¥ 2 mm 0]l A2 & EHsHACE
(Embleton %, 1967: ® 5, 1977). 2 ¥ B g 1 g & 33l H2S04-Hz0:
¥ (Ahn, 1987; 3N T3 M 1988 ) 28 EHxz ¥ AF Y&
50 mlE W3, Hajel 5 glE 2]3}o] ammonium molybodo-vanadate JO.8
ubAA]7) §] U/vis spectrophotometer (Perkin Elmer, Lamda 3) 420 nmoflA ]
MR ey AlAStATH AN, 1987 XA EorsjsbE M) 1988).

2l B} RAALHEH

ERAQuY ZFUFod A& 233t 32P bicassay & MAIY o, e
FHel Eokg A AMNsl] Ao =W § 0.5 m NE FAAZACH 2
A 2orsiet EA, 1988). 1 ¥ FAME 1 g o} Bray No.1(0.03 N NH4F +
0.025 N HC1) & 7 wl & 7I3lo] 1 £ AYPY F o213} SaCl, BAYPYL R
@ astdeH =AY B3 E47, 1988).
of, AlxZo] &3

A4t FF $2EUE 6 /YUY AR EE EZAIY HIUFY AxLold
Z2} At AN SAREAF RAPZIE, 1983).

A 3. =% 4Y

7h. AR Al
Table 2 of A M ulg} go] Eot FAAMo] Poltt MFEY 7744 2
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U MY XYos MY 5, AL Ay £ 671 $E2= A3t 19894
HE 3 At g4t Ajv] #elE spoct

Table 2. Specification of the experimental fields.

Field Location Plantation| Soil type Variety Tree age
code altitude (years)
(Available (m)
P, mg/kg)
A Donghong-dong 80 Black |[Citrus 10
( 5.5) Sogwipo-shi unshiu Marc.
var, Miyagawa
B Ara-dong 230 Brown |Citrus 10
(26.1) Cheju-shi unshiu Marc.
var, Okitsu
C Topyong-dong 90 Black |[Citrus 20
(30.7) Sogwipo-shi unshiu Marc.
var. Miyagawa
D Sinyae-ri 160 Black |[Citrus 10
(89.0) Namwon-up unshiu Marc,
Namcheju-gun var, Miyagawa
E Sinyae-ri 160 Black |[Citrus 20
(158) Namwon-up unshiu Marc,
Namche ju-gun var, Miyagawa
F Sinyae-ri 75 Black |[Citrus 10
(162) Namwon-up unshiu Marc,
Namche ju-gun var., Miyagawa
G Chochon-ri 50 Brown |[Citrus 10
(294) Chochon-up unshiu Marc,
Bukcheju-gun var, Okitsu

ER 7 XY A4 AMFS EQL FPolu £33 & st Ysided, &
MEQS 2PLF 10843(A, D, FXR) 0, 14, 28, 42, 70, 140 kg P205/10a
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o7, 2|3 204A4(C, E X3) & 0, 20, 40, 60, 100, 200 kg P205/10a
o2 ¥H, zZHEQ] 10 A X 2FE= 0, 7, 14, 21, 35 70 kg
P205/10a 4&02 £4uE Auistdct. 2ejx U413 vlgs AP/ 3
o Zof AR bHo] WA} st2le] AL FMEQ 2PLSF 1044(ADF
E2)S 18 kg N/10a 2} 18 kg K20/10a, 204482 28 kg N/10a 2} 28 kg
K20/10a, 12|31 ZMERL] 10348 ZARPLF+= 15 kg N/10a 2} 12 kg K20/10a
o] @49l A3rlelE 34, 643 1080l o] (M= 50 ¢ 20 : 30, 7}
=30 : 40 : 30) A}u|3}sct.
AR ¥Ae] 33ty FAHS AR table 32} Yrh KA @IS
¥3tojc} xjolrt Hom FMERL 50-162 ppa ©lol3, AMEYS 26.1-294
ppa oldcth 2l XBY Hr)et CECY Ff FHEYGe] ZAMNEY

% %olalrh

N
N e

N

i
o
Hr
flo

Table 3. Chemical properties of soils used for the field experiment.

Available Exchangeable bases

Field code pH P ( me/100g ) CEC
(1:5 (mg/kg) (me/100g)

H20)  (Bray No.1l) K Ca Mg
A 4.60 5.5 0.67 1.05 0.48 16.7
B 4.80 26.1 0.66 1.45 0.74 16.1
C 4.60 30.7 0.70 1.85 0.32 19.3
D 4.78 89.0 1.10 1.60 1.10 19.5
E 4.70 158 1.34 3.7 1.32 19.2
F 4.58 162 1.49 5.15 1.59 21.7
G 4.50 294 0.91 3.20 0.97 16.1

Y. diagETs &%

23 ge] 43 upg x4 5-15 ca EMAM IS 5 92 7 Wof A3}
of AL JlolME A AEAs U © AY 19 W AdHgyes 3z
bioassay & 4A|%icl
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ch. d&4

32P bioassay & AAI8h= 5 €2} 7 Wol ZAUTY A9 7 A3
AQ ‘2¢] T CwHo T BB NE ARG ZAsAL

) N 24: 2slelg 10 W2 UMY H indophenol-blue WOZ YMAR
% 630 na oA 0D § &A(UV/vis spectrophotometer, Perkin elmer, Lamda 3)
3t cl(Ahn, 1987).

2) P24 B3AAZ AH 29 v} YYPoR PP 3tdct

3) K, Mg, Ca, Mn, Zn £4: E3NZ 58 Nq3AU Y A}E3lo] Atomic
absorption spectrophotometer(Perkin elmer, Model 2380)odA 2443} cl(Ahn,
1987: 1Y EHYEA Y, 1988).
gt B &4

32p bioassay & AHAI%}7] #1323l H2& MHY o, TH TAHY E4x §A
AA43le] Ay 29 2 HeR FA MEE s

1) EQ pH : £E9 5 g& 50 ml H|o|Ho] 3l FH4 25 nlF 71313, 'L
Felgeg Aol FHA 1 £33 WAF piE FHFUHSIY B3I,
1988).

2

3

BAL : EQAEE AIE ‘29 t} wHow u|M Yyt
A4t EQ 0.5 g & 3ol 5AMCR BEY FUIEE E3lA7 ¥ 60 %
HE24ME 718t EQS 353, o %S ammonium molybodo-vanadate “d S
2 A ZFE AABIATH 3 EQHIEHY, 1988).
2% d7)(Ca, Mg, K): £ 5 g o IN NHyOAc € 50 ml § 7}3tq 30
B AERR 3] oJ2}5le] Atomic absorption spectrophotometer (Perkin elmer,
Model 2380) 2 FY3IAUcH HU¥ ESHYEAY, 1988).

5) @ol& ABVEY(CEC) : EX 2.5 g & #3lA Brown BoPYPo R F4o| 2
SEE U W ABE 4719 & sl CEC e ® 3tArHENY EP3Y
44, 1988).

Jo

]

)
)

).
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of, Aol FF

Zt o] AAb Ae]d I UFe Ax ZolF 6 ol YA XAA AF
7R Ay FFStATHAIE " 29 nf ).

o, zhde] 93} Atdg 24

10 o sheoll 2b Ao A4t Ne|+dE 23S U3ty 2ng Wia AE
% ¥, Refractometer( ATC-1, ATAGO)E 7}X| i Brix WE& &Asldan &)
5 5 ml & 33l 0.01 N NaOH 2 F3AHFE st AP g 7Yk
(ARAREEE HEEXBXE, 1981). ¥, Brix G/ B4ty u]§ 73}
a2 Yepict
ALz Ak 24}

Zb x| At Me|dE wiAd AIFUFENY ZFAANE 1Y 2 £Y
 H AZolM FAS ol BUFS 2ACL

A 4. F71 AFHEAN AFFE, ESREAA J2a gEY

2323 10-20 dZo] A e AFE W 60 722 H7L FFHAA
74o] AZE At AlH 18 W AY Yo 32P bicassayE AAIFIA
3, ol 2} EGE €A Aaste AlE 29 ok} AlE ‘29 e H¥E Py
2% d4F P ¥R EY AN UFE EMtld AuFFsH 45 P ¥R
23 B fAAAL] BAE AR

[EANz]

32P bioassay of &J¢ A4S, APM, EQEY, AKZA, 2F4T U
Eqol ttt AW A2AE EAsl7) 93] SAS packaged ol-3jo] Hat 2
Duncan’s THEZAA, 317, 42, t-23E AAIIAATHSAS/STAT guide for PC,
1985).



AlY 1. 32P Bioassay WY ¥3jl

ZFUTe] g Axio] WY 4 Ut 32P bioassay AH YYPYE HUY 2

= the gl

7h. ®e)$ 32p 2 AN ¥F AFXof oA YA B 43 B

AL yM¥rl T34o] o}sly] Y] s x| ARE FFY o, AEAA
WaE g Axtzt AlZA Aol AIIFSEo AlEe] YAy FPEES Yol =1
THIAEA, 1964, 1975). 3222 ANPRASL YL RelFo] F58 2P ¥4
58 53 dolx sUA7t #AxAN ] 2AIFFHEZH opr[HE B2 &
FEAE AAsZ] A8 el VEAAY H Y-S ASFUCHIAEA, 1964).
239 2 Agolqel o] hHol FAFof ¥ A=t W (300 - 1000)
malg AEHAFI] MM U A% k3, Aofe] ARHrh metM A
2ANE B2 dnME I UF Relo] o AI|FrHo] 2EHE ¥
Asg RAY 4 Q& g ¥ysiaa g AYEFUS dY WAs A
&), AHEs) A7 FAT 2P Pabs AZA 22l Y FHH ol it
Bed 23g RAYsl] @2 ALY AAE w23t figure 2 oA B
L oulg} ol AHEAIZ ¥ FAY 2P WAbs Aot TelE Y FFNUS
o] Wby AEx e} &S o A#(R2=98.2%)& Rolx ololen, EH £
FrProg weaiyo] 27] F4H 32P Yabs F& B3 €2 YA d
o Ao foj B (R2=99.5%)% UEl 32P Prbs HAX ] FYEE BYAA
Zojr}. Sitka spruce = Logepole pine(Harrisonz} Dighton, 1986) aga ®
(W} K. 1987)8] FDTo] ¥ 2P F45g ZAME o, $2]o) biomass
& nasts Beldy A3 A8sle] AP ALd Huge] axE &
driz By v} Qled), ZFUF FWZo] ¥ 2P F4eS FIY dof
£ QNY RE e AEE AR AFIA ddets Rele] AAFo] o

-24-



‘P33931100 jou pue pa3o.LIod—Bumgousnb
reorsAqd aem  £ay) usym sordures joos P31saB3p—uou ay) 10 Sjunod dz JO uostredwo) -z am3iyg

(,01xwdp)sjunod pa3oaLI0d—-Buryouanb [edIsAyJ (,01x‘wdp)uonssdmp noyjm Sjuno)
al 01 8 9 4 4 0 (4 0t 8 9 |2 4 0

L | 4 ] | | — i
T T T T T 1

—

il 1 1

11

i

€l €1

-25-

r1T

(,0Tx‘wdp)ssjdures pajsadp jo suno)



20742] Rl P F&2 RAF Y FAUL d2 2P YA
(X1) 223 ol§ ArEsIAAS we] 3P YAk ASA(Z) . el BMF
(X2), ®ele] BAF AF(X22) o] chFHHA( Y=-4169 + 1.26 X1 + 14.5 X2
+ 0.155 X22, R2=09.4%)& F3E2x FY AK3tn HesiA AIUFY %
Zlol H49 32P g FFY 4 o] HUHUOEE o] 32P bioassay§ol
% e Qadgrci] Wey WS g9 AsE HFdMe d s 78§
BlA o] 89 4 ozt AHYr)..

. eelAge AP 223

of2] Xato] tl¥ 32P bioassay AEE 3= AF MY P& HYAMAE
71N gu 7hx] Pele] VI FAAFIE RS LA AY AFodM uls F
23 Uo|BF figure 3 oA Bi= uje} Po] Merme AU nE <At
F45& AL
20 oC oA BT Mo AAFFES AAFFT $&0] T/t we} i
g]= 78 Wo| 32P bjoassay W e|(Harrison 2} Helliwell, 1979) of & ¥
H A28 Bach 23U 4 oC of R RBAY FPole Pl A F5
71zto] M| A¥G ol QAiFLEol ol JiFF +EY FHY
78r-g Molx| ofatch. weba 32P biocassay AH-E AFEE 20 °C(4FL) oM B
#sl= 2ol Frin AlwHch

th chal ML 2%

Ao o g Ko nf¢ WY T EAste UALE FFEFTI EQ
f£o4uT} 100-10008 BE A ZAXEA AiE F4 Y 4 ch(Mengel 2}
Kirby, 1987: Bieleski®} Ferguson, 1983). 32P bioassay ofA¢] IAHFS &,
AckZol 2T AAF4TL A U $EFFUAAE dotiy] M 2F
A3 Q) KON(GoodwinZ} Mercer,1983)& Aejsle 1 d%& ZASIgth(table
4). KN A | st g we] QAFF5ol Neldtal dhokg wiof wis) A3 ¥
o]A 71& 32P bicassay ‘Hoi 23] FAHH AAFSE Ul AESY B o
Ao7o] o3 FH(5FEF)E Uit U vehd Zzjo|rh
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P-uptake(pg P/mg root)

/ S
,, ‘ \ NN
/ MR
600 {'/ \\\\\\\\\\\
DTN
500
400
300 -
200 -
100 = // p S
0 L/ T T

O ppm 10 ppm 50 ppm
P concentration(ppm)

Figure 3. P—uptake by the excised roots of citrus trees stored
under the different temperatures after citrus trees
were grown at 0,10,50 mg P/liter.

Table 4. Effect of KCN on the P-uptake by the excised roots
of sand-cultured citrus tree.

Treatment P uptake (pg P mg root-1)
control (-KCN) 542 1+ 95*
5x10-3M KON 4 £+ 4.0

% . mean +SD
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2}. 32P bioassay A H-& M| Y = ¥y

32P bioassay HH-§ Wel& UN7] A HAHAA &, $MZYE Ae
o EQEHOE FEO Zolg &) H AIUTY AT EX9} QiuFLy,
Y S 2Bl figure 4 oA B uie} o] IR ML 4@
GFHECE vigFHo] u2Y I} FXFo] QR EAMUE vy o FMEL
ME  0-15 ca Zojof 222 AMEQoIME 0-20 cm o Zolof R E Exyy
of aarh Iy FMEQo] UUM ol Brl Melo 3 £} o
woch  WH, Meo] ¥ QNFLHL EMo] UWUS4F Mz MR
EF wolxle Z¥& At ol Aju|€ Qlile] 3|2ER o|F8}y] ofaly
(hR] &, 1961) HEHCE EF Ziztolof Aoz o e £ SA At
ol EA(M T, 1977)3}7] wfEoletz Aztgict.
HIUF2HE L] A 22l EAEE 328 ¥ ¥, o ojspy 32p
TE ZARY A figure 5 o Ytk FYH 2P Qoo oy 43
B2 g Xy AFECh vigFoM o Yyotn, EAEL B8 Wl 15 co Mr}
5-10 cm oA ©f palrh o= Ut sIloM HIEE FZ E3o] AuFo Ty
T2 432} g3 Belchal 2Hgo] Bojste Mol HZo] Yol WA o)
dEol2ta Azgtet.  welM figure 49 52 Alg ZAAE Mag @ o 32p
bicassay HH§ Felx ¥ vlEF 5-15 co ¥22 MIT L A3t Fo)
AT g HelE & o 3YsiA miely 4 olrin 3w

Aty o Azpx|el uAA Y] Qg Pe] Hido] M2 tlE o o
A ool gEMolME A7 HFY uAAA Y g Mst o] LITHEE,
1982). a2y AiF45E  table 5ol M ule} o] Ax|9} ulAx|
Teltel 2ol & Holx] Qglrl. 1B T 32P biocassay A YL LFWe|= &
A Ay of BAQC] MUY = AL sl Ro|c}.
ERE,  table 6 o] M M= uie} o] M2 BX we(F, M, o, H)ydz 3
B el AdiFrsdel FAY FANE Uelda] 4= Rog Rol ma)g
TE Y] BAC] Nel g AT Fysiria ALt
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32p activity in leaves{cpm/10g)

3500 ~
3000
2500
2000
1500 +

1000 -
500 -

~—« 15 cm,Lower
J—""15 em,Upper
—" 10 cm,Lower

10 cm,Upper
F—" 6 cm, Lower

T - T T 5 c¢m, Upper

S M L

%2p injection point from trunk

Figure 5. Distribution of citrus root activity measured by

the *P injection techniques.

S: half the distance from the tree base to the edge
of the canopy.

M: the edge of the canopy.

L: one and half the distance from the tree base to
the canopy edge.



32P bioassay XFHE S © o, ¥ M| FoA A{Y Fe] AR AHAAS
& ¥Ays17] fisle] A u& TelggE Aol3tA AT § AdiF45 HolA
48 T3l table 7 of Yehfiolrh. el 23 2| H471 5 njnd gjoi= Wol
A471 23.9-29.6 22 ujz3 2 Ho|gloy, 7 o]dd dof I At Yot
3 Aol F Rolx] ¢hsirt. whetd fe] Al AY qHAH4E T AeFof
A 7-9 Alo]7t Ay ez xgHrt

T, AAE I QAFSFE2 figure 600M 2} Uo] 5HofM 9T
& ybol 2l FAYE RAch 5 Yole AIUTY e F(A2e A49)2
Rele] AFo] sty wiFof A4t 97 =7t woH( W F, 1977: BR, 1982)
ATl 718 75, wbdH] 9¥ol= AFUTY U B Jlso] Ef AA
Hr} Asieo] it FErt A7) die] AFTsel A Wop Few 3
At olel o] 5 Ho H|F JAAMFFFol Aoy Felo wWko] 1= F
3] AARFase] AL el AN LS AJMY o, oMol 32p
biocassay AAl A7l Hele] dKo] ABH AR Q. 7 FFES
AN og £8Y 5 A= 7 YHo] Hysjrin AlRHC)

Ald 2. pot AujAH
32P bioassay J2] Hel7t oA H A LHEAE A8 3 29 =
ALF Miyagawa?} OkitsuF ZPAGL A 2wl AHE AdAlslel 2 AAE
figure 72} table 8o L}e}uich.
Birch 2} Cycamore & (Harrison2} Helliwell, 1979)2] AlZA=jul Ay Aty
ot o] 2 A XPLF Miyagawall Okitsu & A RFF5o] NIl F
Ztgtol met Aegeyes A4 AL AFUFAME 32P biocassay 2|7}
HA8E 4 Ad3E WAFE Aot Iy, A FF FEA AF AN ¥V
t 794 A& 28& JehdA] dotom, Miyagawa®} Okitsu FF e At
Fre: AR f4271 gladch
At agul AEols qabgFol AIUFY A2 Aol VS T4 dodrke= A
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Table 5. P-uptake of root connected to nonfruiting branches
and fruiting branches.

Variables P-uptake
(pg P mg root-1 )
Non-fruiting 346.4 + 104*
branch
Fruiting branch 304.7 + 85.9
T test 0.9951 ( P < 0.3332)

% . mean *+SD

Table 6. Root direction and P-uptake.

Root direction P-uptake
(pg P mg root-1)
Eastern 3912
Western 4452
Southern 4272
Northern 3762

* Duncan’s multiple range test: significant at 5 %
level,

Table 7. Optimum number of root samples for the 32P bioassay.

Number of P-uptake Ccv

root samples (pg P mg root-!) ( %)
1 419 -
3 422 29.6
5 395 23.9
7 359 16.7
9 398 17.4
11 392 19.6
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P-uptake(pg P/mg root)

1400

:I: : Standard deviation
1200

| |

1000
800
600 ~
400 A

200 A

5 7 9
Month

Figure 6. Seasonal change of P—uptake by the excised citrus
roots.
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< A4y 7iele] B} Adite] 877t 3 whF Hol(BR, 1982) 4 B3]
F8E A 77 dEolzi Bt

Table 8. P-uptake, P content of leaves, and branch length of
the citrus trees sand-cultured at the different P

levels.
Variety P P-uptake P content Branch
added |( pg P in leaves length
(ppm) mg root1) (%) (cm)
[A] [B] [C] [D]
0 449 0.15 6.45
2.5 335 0.19 5.51
5 316 0.24 7.37
Miyagawa 10 303 0.14 9.39
20 296 0.16 13.4
50 283 0.20 5.51
100 257 0.14 11.0
0 430 0.19 9.50
2.5 325 0.20 10.6
5 304 0.19 14.7
Okitsu 10 272 0.23 10.5
20 265 0.24 11.2
50 258 0.21 9.97
100 245 0.20 9.42

% Correlation: Miyagawa: A vs B = -0, 97**
Okitsu : AvsB-=

ER, AaAmZ AiFTE e, EY FRANAY BAE Yolr]
3l E4& AL potol A 23 XYL F Miyagava®} Okitsug EZAul3tdd
Az} figure 8 2} table 9 oM} o] A4t AH] $=:Fo] F7Hje} uwe}
Miyagawa U Okitsu?] UiHE452 AU §o #HA4E ooy 4F A4
g3z AN ¢EPAE dBY BBE JehdA ot agEg 3zp
bicassay o] FEMRr} o FYINA I AN G A & ¥ 4 A
& Aoz UL, EQYF FAIUUZS A4 Au|PFo] FrHgte] wiel &
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olxle AYE BAX, YUFSEAE Y FY YAV B itdod gF 4
B4 A Aol et ¥, A2e] Hoje Uit Au] £E o] AR
A& RolA] ¢dotor} Miyagawa Rr} Okitsu FFo] tht FIP P& ¥
o, ol EF 542 xlol(m 5, 1977) of 7|V Rog xHHCL

Table 9. P-uptake, P content of leaves and branch growth of the pot-cul-
tured citrus trees and available soil P under the different P-

fertilization.
Cultivar |P-applic- | P-uptake P content Branch Available
and ation rate|( pg P of leaves length soil P
soil kgP205/10a) og root-1)| ( %) (cm) (mg/kg)
[A] [B] (€] [D] (E]
0 359 0.17 7.92 20.2
8 310 0.17 8.97 21.4
Miyagawa, 16 297 0.18 8.92 21.4
Black 32 293 0.18 10.3 21.6
65 286 0.13 11.7 24.2
130 275 0.19 8.91 27.8
200 251 0.20 10.5 31.8
0 388 0.20 12.3 25.2
4 369 0.23 13.7 24.3
Okitsu, 8 304 0.17 11.5 26.7
Brown 16 296 0.23 12.9 30.1
32 287 0.21 11.5 35.2
65 284 0.23 10.3 38.2
130 257 0.19 11.5 50.2
% Correlation
Miyagawa: A vs B = -0.90**, A vs E = 0.99**, Bvs E = -0.82*
Okitsu : Avs B=-0.82*. AvsE=098** BvsE-=-0281"*

A4 3. 23 AY
32p bicassay & AFUFE U4t 4 Aol WEH7| 13 KAAN] 4
ol YUEAUZ A4 Al 428 NS W, YNFSE, EU P
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B8, 4% Y dEl, A2 o], AU i} FAo] njA:= 4y 1

3 B FEAA} AAFsse BAE AL A= S Pk

7t AAHE45(P-uptake) 22| VA

A4 deldtd Aujgt o] Q23 g vHFo] oi3le] 32P bioassay
¢ AY ZH2= table 102} Frl

AY 1 Ahd5(1989d)9 5 ol A1 X AMFFeS EQ AU

3ol MY ok A X3(1202 pg P/mg root) of A FR A4 o] M &
A G ¥E3(538 pg P/mg root) 02 U4F A4FFES FA dolxle FUS
Hax, fREUAt §o] 80 mg/kg ©14A D, E, F, ¢ ERAolE= 3 Ao]F Y
EhdA] Qdolch. R 7 HE EFol oM AM] &3 AT 4
= Hojx] ¢glrt. Ty 7Ho] A AT KA #Fol R
Sotd AEER A (5.5 mg/kg)ol M Alu] 0] Aol B, FEUL @
o] 30 mg/kg xR B & C AHXERAME AAHA vgE Av]slA] otd
F(FH|F) e} At Alu]FofAnt Aol HAch EF, [FAAA §fo] 80-294
mg/kg ol D, E, F, G AEER] AUFFEL A +F0e Ao]& el
2] dkct.

AR 2 AAE(1990d) 8] AAFHET 1xhdEe] AL9} nparialg §H AL
#adol ot A ¥3(1126 pg P/mg root) 22 HE G ¥%(331 pg P/mg root)o]
ol27] 71| Az} WolA&s F¥E Bl 542 AAFFEE A Ay &
o] F7Hte] wel BE ERM Alo]F Holx| ston}, 7HY AAFFES
A ol Wotd JEER(A, B, C) oA AlH] &o] F7lide] o} A
¥ A2 1078 pg P/mg root oA 776 pg P/mg roots, B ¥ A2 688 pg P/mg root
oA 458 pg P/mg rootE, C XA-2 528 pg P/mg root oA 319 pg P/mg root £
A2t dopx|= FYE& BRArh

¥, AY 3 JAx(1991d)o] 2AR E3E AAFSFEE 14}, 23dxY
A1 FFS AY Aol e} o] FRUA §ato] Wl A XFPO T RE 2
GEHo} o]27] 71 A} Yol Z¥oldal, FRAL o] 80 ngrkg o]



Table 10. P-uptake by the excised root of citrus trees treated with the
different application rates of P-fertilizer.

P-applicat- P-uptake(pg P / mg root)
Field ion rate
{ kg P20s 1989 1990 1991
/10a)

May July May July May July

0 12742% 13262 1009bc 10782 10252 1177s

14 1201ab  1054ab | 11142b 10462 933ab  954b

A 28 10758 1178ab | 11502 9662 92]ab  930b
42 12602 1042ab | 1027bc  809b 863ab  755¢

70 1219ab  1180ab 926c  789b 774b 743¢

140 1180ab  g973b 1033bc 776D 786b 628¢

0 6662 7192 6172 6882 8812 6362
7 6102 573b 6342 646ab 833ab  5472b

B 14 6172 621ab 587a  §13ab 713abc  4g]bc
21 6302 66720 6132 573abci §35abc  4G]bc

35 7402 596ab 6422 5]16bc 598bc  395bc

70 6912 603ab 499a  458¢ 562¢ 383¢c

0 6792 6552 7762 528a 6862 7562

20 5832 419b 644ab 4962 7212 607ab

C 40 6632 4492b 6982  472ab 6312 609ab
60 6582 5272b 7692  408sb 6672 530be

100 8462 4762b 682ab  392ab 6782 467bc

200 6162 417b 560p  319b 5992 374¢

0 6292 4802 3662  3392b 5082 4892

14 5372 481s 4092 298ab 44]a 4232

D 28 5032 487» 4062 2962b 4238 4162
42 5572 5202 3212 2570 4832 5172

70 4972 4582 5032 4142 4192 4742

140 6272 479 4642  310ab 4332 5232

0 5892 5162 3872 3782 4802 4912

20 6222 4432 4692 412 4392 4022

E 40 6802 4202 4642 368 4662 381a
60 5162 4542 5262 3822 4432 5142

100 5674 4682 3700 3242 3432 3252

200 568e 444a 3592 340~ 3122 394a

0 4992 4262 3712 3332 4192 4892

14 5342 4182 4162 273 3522 284b
F 28 6662 4572 4372 3182 4622 398ab
42 6182 3922 4322 2952 4902 463ab
70 5382 4282 3432 247a 4132 374ab
140 6602 4532 3522 3092 4372 378ab

0 5252 3142 3242 3032 2722 2252

7 5842 3372 3642 2802 2462 2572

G 14 5462 2852 3282 2242 2242 2092
21 4912 297e 2682 2512 2322 2152

35 5972 3492 2682 2312 2232 2072

70 4842 4042 3432 2802 2242 2892

#. Duncan’s multiple range test: significant at 5 % level,
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oldd¥ D, E, F AY XA AiF4ES HY ¢¥IS) AWER 4 Ao]
sy ERPo] 2o)7t g Rez yeiudch E, AY XL A4 Aw] 4
24 JAESS AZE ASE u, FREAA o] Wald A, B, C X <
AFSSL 2 pdeg) npsiAE ] £E%0] Aol Ren, Au|AAE
o F38 A el a2y, {EA4A §3o] 80-150 mg/kg &4 D, E,
FAY 232 Qaf452 Ay &%) Xol§ Uehd=] datct

232 L thd R A4E 542 2] (Esbleton F, 1967)2 @322 (H L,
1971: Embleton &, 1967) Hio| 4dQ Ez2 IA ti27] dol 7o
AlH] H2}E VA7 YHETI= Bil(Reuther F, 1958: WK 5, 1964: KB
=, 1966: &2, 1971: Bt} M8, 1979) § IS ¥ of, X YoM 32p
bioassay o2 ZFUFe Alu| uhg-g FHY 4 oW 2 32P bioassay
Hol ZtAURel A4t 4} AActe] A3 oIt PP US AASHE Aejrh

53], £ S3AAA o] 30 mg/kg BT 2 EA(A, B, C) ofA Uit A
H] ¥hgo] Uehd 2L B9 KA U4 §ato]l 30 mgrkg el o3l wojs H
U2 LS §3 A4 FFol wesith:s A Yuidte Ao, EY KA
QlAl ghato] 80 mg/kg BT & AH EFAME Au| &7 Yehdx] gatx
ZRZ] o]zt AR RS FAYAL o] 80 mg/kg BTt w2 EFME
Qlabdl wlgel aju] &2r} ke RE T3l Zo|7] "o} 32P bioassayol
Y AAFSE S ZABIA HA Q4 vRe FFANE ABY 5 AUtkn
Atz ¥t

U Ko ety g #A

QA §ato] Aot AHUESY T 4 AYXAYL AN +E3 EQ
F fEAA g3 FAL table 113} Tl
Xy FAQA e vashd X MY Dale] B FEAA HIFol Mk
o AY ZA AN 7R U 6 XPoe ULF AR ke F¥elAR
AY 481 AdxE ®r} 2, 3 AAER 244F FA FHe F8E B
FHE, 1 APAE(1989d)oll= EF RAQA ol 150 mg/kg Rrh S A,
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B. C, D, EAYH X3 Ffol UA Au] £Fo] F71%of wlal QG FHAAL
HPol wolAle ZA¥E Rdou RAUA galo] wAUW F, 6 AP ETHL 4
o] £E&3ol A3 FYS JehdA okt 2uy, 2, 3apdx(1990, 1991
d)o 2 232 fRAA $F2 AlH] £F0] FiHYe] gl wolxl: Ay
LE-A=3

AT FAHELE A4S B, 23t 5Yo| nfg A2 At AJujof g
U EQRIAA T ¥yl 3z YEAos BRI QE=d(W 5, 1975)
EQ REAY UPol 71 Lok A (5.5 mgrkg) oAM= B AnP 2=
3 oj3tY AuPeR: B RAUA YFE FIAANA] B, 2 - 5ukE A
Bl Fe REAAA g$go] SISt Iy, ERF KT UA §Hslo
30 mg/kg Bt wdd XD, E, F, GloNE W3 Au|gre o uigkg A|u|s}
Hepe fFEAA #$F- Fri=Edt. deld, AR 48 2429 BEYFEY
FHAA HFol UlFE 100 mg/kg  olAH(K2 W, oPUE 27 ,1991) Mz}
table 1028] AFF5 Aol EQF FAUJLA o] 80 mg/kg ol o] 4]
vl Z 27t et 2 A& AUSIA, Gl Wale} Lol WA Auipw
th 2 - 5o ¥A F&= AP AAHolol ¢ Aow xHyHc]

AY ¥3d  2UAb Hak(table 11) > YUty oz {HAA ko] HUW
ERAM w2 FRoldort [AJAA Yato] JHA wUW UM Eokd ¢ ¥R
(294 mg/kg) &} ¥ A §Fo] FHAAL o] 162 mgrkg Q) FM EQ2| F X
PRt W AL AN o JM Bty {7E g} Adak F4 A4
atolof (4t . 1975) 71U® Zojeix Alg®ct. ER Z AEXF F it
P2 Au|=Fo] F7igde] ulel wolxlE F¥E Bch
table 12044 K& ule} o] AY XY EUdFo pH of NBY Ca, Mg ¥ 2
2|3l CEC & 3 4 &4 Uu| Ao M FIisdEd, ol §4UduiF
of THY ¥ Ca 2} Mg U3 dFol(Wel K, 1984: 8 5, 1972) 3719 Ao
£ #4¥rh

th. 4% 49 Jeiste] A
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Table 11. Total and available P content of soils after the experiment.

P;gpplic- Available P (mg/kg) Total P(g/kg)
ation
Field |[rate 1989 1990 1991 1991
kg P20
/lOag May July | May July | May July | May July
0 6.95c* 5.00c (4.09¢ 4.20c |4.96> 3.80b |1.80c 1.80c
14 8.95bc 6,93bc |5 70c 4.8lc |14.6b 6.74b |3.00ab 2 20bc
A 28 9.52bc 5 45bc |6 62¢ 5.60c |10.5b 6,330 |2.40bc 2 10Qbc
42 9, 52bc 11 2ab|7 66bc 9 8bc {]10.2b 13 ,6b |2 50ab 2 50b
70 13.42b 7, 73bc{1]1.3b 14.0b [15.9b 2] 42 |2.90a 2, 50b
140 16,02 13.92 |19.12 21.42 |37.32 4]1.4» |2.70b 3,702
0 35.3p 30.6> [25.4b 26.8c {21.7c 20.8c |2.20b 2. 00d
7 37.02b 30, 1b [37.2b 31.5¢ |38.7¢ 37.8c [2.60b 2 30cd
B 14 43.02b 31 6b (39 4b 55 9c 151 9bc 68 4bc|2 60b 2 4Qbcd
21 40. 32b 40, 32b|6], 42> 75 3b 145 6bc 80, 7bc|2.70> 2. 80bc
35 4]1.0ab 43 02b (59 4ab 88 4b |67 Obc ]113ab |3 10ab 3 202b
70 45,52 54,72 [84.82 1322 1412 1562 [4.002 3, 702
0 28.2ab 29 7b |27 4c 20.2b [21.99 33,7¢ {3.50c 3.90¢c
20 22.7b 38.32b|35.0c 29.7b |46.4c 44 4c |4 50bc 4 00c
C 40 28.2ab 39 3ab 39 4bc 56 8= |67 0bc 62.8bc|5 00ab 4 30bc
60 29.3ab 34 8ab 53 7abch9 5a |64 3bc 75 7b |4 60abcd 4Qbc
100 24.1> 43,52 65 52b 74 92 187 8ab 89 7b |5 30a2b 5 10b
200 38.82 41.82 [77.00 76.92 |1088 1542 6,002 6. 102
0 95.8> 94.5b 113b 112¢ [110b 95 5¢ |6.70b 5 G0b
14 83.8> 98, 0b (121d 125b |130b 125b |6.40b 5 20b
D 28 103t 116b |126b  130bc |143b  14Qbc |5 70b 5 50b
42 102 1202b |1402b ]129bc |]180ab 209bc |6 30b 6. 80P
70 118ab 1252 |161a  156ab |22]1a  256ab |7 402b 6 Q0P
140 1302 1302 . [1642 - 1712 2432 3368 |9.702 9.302
0 153>  160b |164b 152k |167c 160c (6. 402 7.30ab
20 161> 162t {170ab 163b |200b  195bc |6.50% 6.60ab
E 40 174>  154b 11852b 180b (230> 248ab 6,702 5, 90b
60 1822b 160b [222ab 234a |279b  289ab |7 002 6.80ab
100 1782b 2032 |2402b 2392 13202 3302 8.302 8.70e
200 2162 2092 (2702 2692 3502 3742 [9.1028 7 708b
0 1692 1502 |156P 157b |1504 146¢ (6.70b 5 802
14 1602 1572 |163b 168b 1709 165¢ [6.60b 6.308
F 28 1762 1672 |1852b 183ab |199c  202b |6.80b 6.502
42 1802 1702 [200ab 205ab |2]15bc 230ab |6 50 6,00
70 1852 18la (234  251= |252b  240ab {7 QOb 5 70a
140 1862 1962 |260a 2852 [3832 3402 (8.20% 6.402
0 2792 2532 [275b  280b |265¢ 271c¢ [3.30b 3, 802
7 2762 2712 |280b 290b [320bc 315bc |4 40ab 3 902
G 14 2852 2762 |289b  3052b [340b  355bc |4 10ab 4 002
21 2952 2972|3102  320=b |378ab 360b 4.102b 4 502
35 3072 3102 3322 3502 14092 4602 5108 5 002
70 3132 3142 3832 4042 (4532 5462 |4.602 4 442

#. Duncan’s multiple range test:

significant at 5 % level,
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Table 12. Changes in chemical properties of soils after fused phosphate

application for three years.

P-appl- May, 1991 July, 1991
Field |ication
rate Exchangeable bases Exchangeable bases
(kg P20s (me/100g) (me/100g)
/10a)| pH CEC pH CEC
K Ca Mg (me/100g) K Ca Mg (me/100g)
0 4. 67d% 1,266 2,064 1.00¢ 18,2¢ |4.73c 0.652 2.07¢< 0.68¢ 17. 44
14 4 79cd 1.08> 3.36cd 2.30cd 21,8¢ |5.00bc 0.582 3.20bc 2. 13bc 20 4c
A 28 4 89cd 2,308 4. 3lbc 2. 7l1c 24.7c [5.07bc 0, 78% 3.68bc ] 86bc 21. 4bc
42 5 23bc 2 54a 4 32bc 2 §3c 26.0bc |5.08bc 0,758 4.14> 2 29bc 22.7be
70 5 48ab ] 8lsb 5 57b 4. 19b 27 5sb |5 28sb 0 77+ 511 3. 01 24.4Y
140 5 84s 1 38> 7.160 6,008 296+ |5492 0.84r 7.7l 6.02+ 29.8
0 4780 0.432 1.33c 0.62¢ 15994 |4.68c 0.41* 0.90c 0.76c 16 4¢
7 4 94cd Q.52a 2,97bc ] 44cd 18 7cd 14,79c 0.30a 1.78c 1,52¢ 18.4c
B 14 5 29bcd()  5]a 3,53bc 2 43bed20 Sbc |5 08bc 0.36s 2.07¢ 0.80c 18 9c
21 5 328bc() 458 4.04> 2 81bc 21 5bc |5 31bc (. 282b 3 40bc 1.90be 20, 6bc
35 5 46sb 0. 678 4.79> 3.85v 23.5b |5 63ab 0.39s 5 46ab 3.47b 24.62b
70 573 0. 6l 7.392 6192 27.5+ |5.892 0.308 7.44+ 589+ 26.02
0 5 67sb 1.91s 532> 1.74c 23.6¢ |4.54d 0.91sd 5284 1.77¢ 20.7¢
20 5 46 1.778 5.33b 3.67c 25.7bc |4 94c 1 04sb 6 45¢d 2.72cd 22 8de
C 40 5 70ab ] 27b 8 18sb 3 69c 28, 7abc|5 22bc O 75b 6 65cd 3,29¢cd 24 1cd
60 5 66ab 1.13b 7.962b 4 08bc 29 0abc|5 29b 0. 99ab 8 03bc 4 21c 26.2¢
100 592e 1.135 10, 0ab 6 23ab 32 0ab |5 522b | }8ab 9 87b 6.26> 30.1b
200 595: 1.03b 10.82 7.63t 34.3s (570 1.28= 12,92 9.42¢ 352+
0 4.98c 1.538 4.90c 0.99¢ 18.5c [4.33c 0.72s 4.99> 0.98> 20.9¢
14 5 31bc ].532 6 43bc 2,32c<d 22 1¢ [4.67bc 0,668 571> 1,675 22.7¢
D 28 5 97sb 1.49a 9 60abc3 88bcd27 1b |5 14=b | 12« B8 12> 3 46b 27.9%
42 5 68sb 1.53a 7. 33bc 4 35bc 26 1bc (4, 96sbc0 972 B 55P 463> 28.9®
70 & 043b 1.91* 10.1sd 5. 73sd 29 6ab |5 31=b ] 06* B8.84> 4.40ab 28,30
140 6 37+ 1.89s 12,85 807+ 36.4* 552+ 1.31* 12.6* 7.67* 34.9
0 5 00bc 2.32a 5.83b 1.31b 23.1b 14.43c 1.812b 514> 0. 68 21.6b
20 5.10sb 2.972 6,96> 1.76b -24.4b  4.47bc ] 43b 5 55P 1.18bc 22.8b
E 40 5 09ab 2 158 6 83b 2 35 25.0b |4 Slbc ] 255 4 68b 1.28bc 22.1b
60 4 8Blc 2.552 6.46° 2,776 28.4ab (4 44b 1.43b 4.70b 1.43° 23.6b
100 5 16ab 2.44a 9 682 6.23% 34.0s [4.91= 2228 9. 142 4 53 31.0%
200 5322 3220 10.50 7.28% 36.2* [4.782b ] 672b 7.59sb 4. 662 34.6*
0 4.56c 2.76n 8.29> 3.60b 23.0b [4.54b 2192 8 43b 2.00> 25.0¢
14 470c 2672 9.26b 3.30b 24.9b |4.46b 1.62» 8. 48b 2.46b 27.1bc
F 28 5 04bc 2 788 13,28 276> 29.7b |4 84ab 1 558 9 5lad 3.850 29.2°b
42 5 47sb 3 362 14,28 3.20b 32,52 [4.68sb ] 58+ 9 7lab 3.576 30.3b
70 5 58ab 3 11* 12.0s 5 42ab 36.0¢ (5 022b 1,58 10.0sb 3.86b 29.1b
140 5 842 2.760 13.28 7.19+ 37.4r |537* 1.55¢ 14.2* 9.87% 39,52
0 4.29c 1.46b 1.72> 1.01% 189> [4.09¢ 1.982 2.90° 2.12d 17,14
7 4.59bc 2. 04ab 5 07sd 3 072b 20.9b |4 41bc 1 74s 3.64bc 2 65¢d 18, 0dc
G 14 4 68abc2 27ab 5 28ab 2 52ab 22 Gab 14 47b ] 73s 4,192bc2 53d ]9 5¢
21 4 58bc 2.153b 3 49ab 1 9lab 23 9ab [4 63> 2 04¢ 4.902b 3 48bc 20,5
35 5 02eb 2 43a 6 542 3.242 27.3+ (4,70 1 954 4,752b 3 63> 25.02
70 5 118 2.29s 5 402b 4 028 27.00 |5.06* 2.19* 5.57¢ 5.852 27.7%

#: Duncan's multiple range test: significant

at 5 % level.
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FHEAL §Zo] ol 4Y EE 123 A4 Au42d 4F P eE
table 132} rc},

AT QNUPL B FAAA ko] Ao|gt EAZL T2l At Ay 45
of dFT AYL Yepdz] dgted ol gEM Fajol sy IR A
At 3 BElE Tot3ly] offche Mol YAHUTHIRA, 1964).

T3 P 9} AYaRo] U= N(Chapman, 1951), K(Embleton 5, 1952),
In(Reuther2} Neller, 1944: West,1938)2] 3 §3ro] 2} Ay Xao] Qlat 4]
Hl £&3 EGQRAAA Hgol 3y FBS vA] g o vol, HIFY
o EQ F FRAA §3o] 200-500 mg/kg W Aol P} Ay AA o
t N K InEd F571 48& U] U8S ¢ F Adrh o] AU AFxx
HEdel W2 B dite] EQFol F45o] UZojx Bt P o} Ayg
o] Al ¥4 53| Inzt L njyd4e] FyYo] BN A 4L o]{E
BY 4 AUA Uk xR, AF Mg {TLS A4 Aln] $F0] i3t wle ¥
BER zlole oy ol ZF¥E B, ol £4UuE 34 Any
7] ol EGFe A ¥P Mg 3ol wolx AF Mg ¥ol F719 A A
o7 3MHcHWear2} Cope, 1977).

i, AZid AU €% TSR ¥R vad o, 2E Uy T
N, P, K, Mg #3235 9ojlA 7 Hof 0|28 Yolzoy Ca §F2 23]8 7 ¥
of wolxl= B¥E Rtk ol dHol Fsluol wel & N, P, K, Mg 3t
< Yolx|3l Ca §FE wolrhe ¥ (Embleton %, 1963: WiEe} XfH, 1968)
o dxjstdct.

eh. Al Zojeje] A

THEAL HZol oIt Y ZAE == 4 AU At Ay 2EE
ZAHE A2 Zo|&= table 142} r}

XRE Alxe] ol B AU #3o] 30 mg/kg ©|3}2l A, B, C AE X
oA ARzl FHALM O] &S X} u|slo] BAo] EP3lgon, A
o} C XA MiyagawaZ} BEA2] Okitsul Tl A HAsld=d ol T E27
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Table 13. Analysis of citrus tree leaves after fused phosphate
application for three years.

Field |Sampling| Leaf |Fertili-|
month, age zer added N P K Ca Mg In Mn
year (kg P205| % % b % % ppm  ppa
/10a)
May, 0 |2.52ab%0 20ab 1 742 1.00s 0.28¢ 28 6bc 16.1*
1991 months 14 |2.77% 0.22+ 1.65% 0.93s 0.28cd 29 4bc 18 0s
old 28 12.33b 0.18b 1.690 0.99s 0.33bcd24 2c 14 1s
42 [2.49sb 0.228b ] 742 1,058 0. 34abc29 5bc 5 1s
70 |2.50%b 0.24s 1.77= 0.98s 0.37sb 33 7ab 14 52
140  [2.58ab 0.22ab ] 778 0.92% 0.40* 38.1* 13.2:
13 0 |2.300 0.12¢ 0.90a 2.42¢ 0.30c 32.4s 29 2eb
months 14 |2.35¢ 0.13= .85+ 2.412 0.34bc 28 8 28 3
old 28 |2.508 0.15¢ 0.81ab 2 478 0 412b 32 7+ 28 7ab
42 |2.13% 0.14s 0.87sb 2.35sb 0 33bc 29 51 24 6b
70 {2.40n 0.14s 0.798b 2 2]ab (O 4]sb 29 8a 28 2eb
A 140  |2.41* 0.15% 0.70b 2 11> 0.492 29 3ab 32 ]e
July, 4 0 |{1.61= 0.14ab 2.9]a 1,902 0.40¢ 36.82b 26 8
1991 months 14 ]1.94 0.182 3,362 2 388 0 62sbcd] 1s 33 1»
old 28 |1.82s 0.12b 2.19a ]1.59s (0.45¢d 32.7b 19 62
42 |2.042 0.162b 2.93s ].89a (. 56bcd35 Qab 24 5
70 1.832 0.152b 2.89¢ 1,902 (. 68a2b 35 ]ab 28 4a
140 |1.88= 0.16ab 2.97¢ 2.10s 0.782 37 7sb 29 2a
17 0 |1.79% 0.06c 1.25¢ 2,97 0.40b 32.62 39.3a
months 14 [1.912 0.08bc 1.21t 2.78% 0.44ab 3268 42 3¢
old 28 [1.921 0.092b ] 29 2 968 (.46ab 3] 62 40 2t
42 |1.552 0.09sb }.15¢ 3.12¢ 0 442b 3] 9= 43 42
70 |1.78= 0.100 1.05¢ 2.4]s 0, 50sb 30 7 43 22
140 |1.88+ 0.10® 1.08s 2.73» 0.65% 33.4%¢ 46.9+
May. 2 0 11.45s> 0,182 1.76b 0.81% 0.29> 34.82 18.7+
1991 months 7 |1.59* 0.20a 2.48s 0.960 0.33sb 353+ 17 8
old 14 [1.23b 0.22s 1.94ab 0. 86 0.35+ 30.8t 17.52
21 |1.42%» 0182 1.66> 0.87s 0.35% 33.58 16.7+
35 |1.382> 018+ 1.79% 0,968 0.39x 36.7¢ 18.1*
70 |1.40b 018« 1.67> 1.11a 0.39s 33.62 16 3¢
13 0 |1.69> 0.14sb (. 87s 1.41* 0.33> 32,2+ 26.8t
ponths 7 |1.776 0.12> 0.83s 1.69+ 0.35sb 30,92 29.0*
old 14 |1.66b 0.14sb 0.67¢ 1.538 0 40sb 30.3+ 28 3¢
21 {2.00a 0.15sb 0 652 1. 53¢ 0 458b 29 2a 3] 2¢
35 |1.73b 0.14sb 0 742 1.558 0 462b 33 6+ 31.3s
B 70 [1.69> 0.16= 0.66* 1.508 0 480 30 2 295t
July, 4 0 |1.700 0.14» 2.42* 1.562 0.45* 36.8 251+
1991 months 7 [1.83t 0.158 2.43s 2168 0.562 36.9s+ 20.2¢
old 14 1.822 0.14 2.242 2.302 (.55 36.02 257+
21 |1.812 0.13: 2.21= 1.492 0.55¢ 34.3s 18.2s
35 {1.66s 0.142 2.35¢ 1.75s 0,598 3562 20.1%
70 [1.68s 0.15+ 2.31% 1.392 0.65¢ 35.7» 17.7*
17 0 {1.57* 0.09% 0.81+ 2.96* 0.364 37.1% 535
months 7 {1.38* 0.082 0.69* 2.91* 0.40cd 3] 9+ 31.5b
old 14 [1.342 0.08s 0.43s 2,958 0 55bcd33.9s 37 8
21 |1.60* 0.08% 0.53* 3.16* 0 72bc 38.0¢ 43.9:
35 |1.40® 0.10s 0.59s+ 2.83s 0 62sbc34 3s 36.7b
70  |1.43c 0.08% 0.55¢ 2.99= 0.8l 36.4¢ 42 .6°

#: Duncan’s multiple range test: significant at 5 % level.
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Table 13. (to be continued).

Field |Sampling| Leaf |Fertili-|

month, age zer added P K Ca Mg Zn Mn

year (kg P20s] x % % % % PPT  ppm
/10a)
May, 2 0 2.080% 0,258 1.97¢ 0.99» 0.29c 27.3b 20 8
1991 sonths 20 1.72b 0.23s 1.84= 0,952 (.30bc 38 42 20.3s
old 40 1.84s 0.22» 1.73*+ 0,982 (.29bc 3] 2sb 20, 42
60 1,882 0.22+ 1,86 0.912 0.31bc 3] 5tb ]9 7a
100 1.80= (.24 1.90* 0.85% 0.33sb 26 5> 19 72
200 1.892 0.24* 1.84* 0,900 0.35¢ 29.3b 19 72
13 0 1,672 0.12» (.78+ 1.71s 0.25¢ 36, 1+ 55 9=
months 20 1.600 0.11» 0,622 1.68+ 0.28> 25 3= 55 52
old 40 1.592 Q.11s 0.68* 1.75¢ 0.31sb 32 32 49 1a
60 1.322 0.10* 0.65% 1.44a (.312b 46 8+ 50 3+
100 1.59¢ 0.112 0.66* 1.53¢ .39+ 32.9: 56 8
200 1.69¢ 0,100 0.70% 1.62% 0.37* 42 .62 63.7°
o

Julw, 4 0 1.36> 0,200 2.24» 2.052 0.44* 44.9» 46 4+
1991 months 20 |1.51sb 0,202 2,77t 1.98% 0.56% 38 4s 35 8b
old 40 1.50sb 0,182 2.24a 2. 11* 0 482 36 08 34 5b
60 1.712 0,19 2,442 1,892 ( 532 35 12 36.0b
100 [.51eb 0 18¢ 1.992 1 312 0,492 36.6* 32 6b
200 1.226 0.17 1.63* 1,30 0.47* 31.82 32.6b
17 0 1.61*b O 11s Q.15eb 3 158 (.39c 56 0t 85 12
months 20 1.38c 0.11* 0.442b 2. 88s 0.42c 54 5¢ 8] 6=
old 40 |1.64* 0.10* 0.458b 3.19s 0 45bc 53 4s 79 6s
60 1.47¢ 0.09* 0.572= 3,108 (.48abc4p 3= 83 2s
100 1.51s Q0.11* 0.432b 3 612 0.622 47 .82 96 3a
200 1.43s 0.100 0.37> 2.992 0.582b 50 42 84 8a
May, 2 0 1.56c 0.26% 1,842 0.78%2 0.222 34 8sb 28 42
1991 months 14 1.96bc 0.24> 1,772 0.93= 0.24» 31.4> 29 52
old 28 2.028b (0,258 1,83 0.832 (.25%¢ 33 6sb 29 02
42 2.21ab (,252b 1 864 0.68* 0.232 34 32b 20 92
70 2.163b 0,262 1.69* (0.80% 0,250 39. 1% 25 62
140 2.42* 0.28* 1.89* 0.81% 0.252 34 0sb 25 72
13 0 [2.21* 0.15% 0.942 1,69s 0.20c 33.1s 73 9:
ponths 14 2.14* 0,142 1.01% 1.792 0,21b 30 5sb 74 Qa
old 28 2.382 0.15% 0.90ab ] 82= 0, 252b 29 3b §6, 02
42 2,43+ 0.16*0 0.93* 1.67* 0.222b> 30, ]12b 87 82
70 2.45¢ 0.15% 0.912b ] 872 0.302 29 .4b 65 72
D 140 2.160 0.14% 1,058 1 752 (. 24ab 28 3b 74 2a
July, 0 1.600 0.122 1.802 1.672 0.27b 54 5% 78 5e
1991 months 14 1.72¢ 0.12¢ 1.80* 1.608 0, 322> 46 78 67.4s
old 28 2.01a 0.122 2.02* 1.66* 0.352> 47 4= 68.2e
42 1.682 0,14 1,920 1,942 (, 37ab 50 2¢ 70 3=
70 2.042 0.140 2,120 1.85% 0.40* 50.3= 72 4
140 1.862 0.12* 1.77» 1.65* (.47 40 4> 58 92

17 0 1.68% 0.09¢ 1.150 2, 31* 0, 18bc 58 6% 1462
months 14 1.458 0.092 0.96* 2,04 0,17¢ 48 8% 105sb
old 28 1.570 0.09* 0.85% 2,09 0. 18bc 42 02 89, 4b
42 1.40® 0.09* 0.89* 2.332 (. 24ab 49 52 ]1253b
70 1.400 0.072> 0.82* 2.000 0.270 42 3a 95 2b
140 1.54* 0,074 0,86 2.11a 0.28* 45,52 99 3b

#. Duncan's multiple range test: significant at 5 % level,
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Table 13. (to be continued).

Field |Sampling| Leaf Fertili-}
month, age zer added N P K Ca Mg Zn Mn
year (kg P20s| =% % % L] % PPO  ppm
/10a)

May, 2 0 1.942% 0,222 2,190 ]1.21s 0.2]1b 32.5¢ 49 8
1991 months 20 1,928 0.258 1.912 1.412 0, 25sb 3] .58 40 3ab
old 40 2,052 0.24* 1.94* 1,11+ 0.232b 3] 5a 3. 8ab
60 2.070 0.25% 2.09* 1.102 0.24ab 33 4a 3] 4ab

100 2,100 0.250 2 11 1.05¢ 0,27+ 32.5 24.3b

200 2,080 0,252 2.06% 0.98+ 0,27+ 33.62 24 3b

13 0 2.07+ 0.12¢ 1,392 2,38 0. 14> 30.8> 99 3

months 20 2.02sb 0 150 1,342 2152 0.16sb 355> 109 o

old 40 1.820 Q.13+ 1,028 2.25¢ 0. 17sb 32.8b 74 Ga

60 1.754 0,12* 1,062 2.03% 0.18tb 37 82 85 6

100 2.02sb 0. 14* 1.25%¢ 2,00t 0,200 32.6° 62.7+

E 200 1.88sb 0,122 1.11*+ 1,932 (. 18> 37.62 8].9a
July, 4 0 1.89ab 0.20* 2,00+ 2,09+ 0.28* 56 .21 86 1
1991 months 20 2,082 0.17% 2,572 2.45* 0.342 43.5¢ 86 92
old 40 2,008 0.19% 1.74% 2,248 (.29 43 2¢ 77.6a

60 1.84sb 0,222 2,33 2,032 0.34* 43 32 89 3a

100 1,990 0,17+ 2.03+ 2.47* (0.332 48 8 87 8

200 1.736 0.19%+ 2,09 2.26% 0.34 49.7s 10] »

17 0 1.900 Q.14 1,220 3 84 0.21% 49.0s 136

ponths 20 1.692 0.13sb ] 06+ 3.800 0.20b 42 5¢ B87.5b
old 40 1.622 0.11sb 0. 81 4.07¢ 0.19> 46, 12 ]34 ab
60 1,80+ 0.14* 1.21* 3,850 (.22ab 46 0v 145 sb
100 1.712 0.122b 0.81* 4,082 0.232b 42 3= 119 ab

200 1.87¢ 0.132b 1,039+ 4. 112 0.292 50 9s 15] a

May, 2 0 2.095 0.16* 2.32¢ 0.95% 0,23+ 37.62 33 1a
1991 months 14 2.112b 0,232 2,31s (. 9]1a (.22 3508 28 9ab
old 28 2.160b 0190 2,092k (.69 0.24» 30.7+ 25 9ab
42 2.36* 0.23* 2.03sb 0,952 0 232 37.7¢ 28 42b

70 2.45* 0.24» 1.91b 0.942 (. 23+ 37 42 23 2b

140 2,660 0.24% 1.83b 0.900 0.25¢ 34 62 24 2b

13 0 2,45 0.17% 1,19 1.71bc 0. 142 42 72 55 4a

months 14 2.481 0.15%b 1 09a ] 86sbc) 142 38 6s 47 62

old 28 2.41% 0.142b 1 O0l* 1,99 (.17 42.7¢ 52 1s

42 2.22* 0.14¢b 1,03 1.60c 0,164 39.5% 52 1s

70 2.122b 012> 1.10% 1,782bcQ ]7¢ 37 8 39 7

F 140 1.82b 0.13b> 1,092 1.88sb 0 181 39 ]a 42 2e
July, 0 2,000 0,132k 2.10* ], 34ab Q0 262b 40.32 78 6
1991 months 14 1.83» 0.11b 2,168 1.02b (.23b 38 0s 58 4
old 28 1.942 0.13ab 2. 148 ] 36ab (. 27sb 37 22 62 1a

42 1.61* 0.11ab ] 87 1 34ab ( 24> 35 58 §6. 0s

70 2,01 0,140 2.17¢ 1.700 0.33» 39.68 77 1a

140 1.592 0.122b 1,692 1,19> 0. 272b 32 5¢ 53 9a

17 0 1.86 0.08* 1.08¢ 2.10sb 0 122 56 6s2 85 92

months 14 1,93+ 0,06 0.972 2 143b 0. 142 54 62 81 3¢

old 28 1,708 0,08+ 1.01= 1.97b (.12« 60 1 93 2

42 1.80s 0.092 1,032 2 04ab 0 152 59 ]a 93 5a

70 1.742 0,07 1,000 2.27a (.15% 63.3= 92 Qs

140 1.948 0.07* 1.04® 2 112b 0 168 53.3* 86 42

#. Duncan’s multiple range test: significant at 5 % level.
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Table 13. ( to be continued).
Field |Sampling| Leaf |Fertili-|
month, age zer added N P K Ca Mg Zn Mn
year (kg P20s! % % % % % ppo ppa
/10a)
May, 2 0 1.57¢% 0,17s 2.43% 0.86% Q.27 42 5sb 26 1s
1991 months 7 1.66bc 0.20% 2.30ab (0,832 0.25* 41 8eb 30 62
old 14 1.72bc 0.222 2.34: (.87 0.25% 41 8ab 28 0»
21 1.826 0.19% 2.312b 0,832 0.260 43.12 27.9s
35 2.08* 0.18¢ 2.00b 0.81* 0.25¢ 39 2ab 28 7=
70 1.67bc 0,200 2 11sb 0 83s 0.272 37.0b 25 8
13 0 2.420 0.142b 1,062 1.87» 0.192b 42 2a 70 32
months 7 2.16% 0.15%b 1 16+ 1.67* 0.18> 44 .92 82 0+
old 14 2.08¢ 0. 14sb ] 10s 1.81% 0. 19sb 46 82 73 5+
21 2.22% Q.16 1.19% 1,65% 0.18> 47 8 75 3s
35 2.128 0.14b 1.08% 1,782 0.24s 4] 32 74 3
G 70 2.338 0.142b 1 062 1.85% 0.25* 4]1.5* 69.42
July, 4 0 1.952 0,172 218> 1.90® 0.392 41.82 62 12
1991 months 7 1.870 0.160 2.88* 1.882 0.38* 46.42 74.5
old 14 1.900 0.182 2.77s 2.12% 0.44% 47 42 78.62
21 1.97» 0.182 2.56* 1.832 0.37*+ 39.92 70.92
35 2.100 Q.16 2.40% 2.16* 0.41* 39.3* 84.9»
70 2.04* 0.160 2.88% 2.20% 0.51* 37.82 75.2¢
17 0 2.060 0.09* 0.90> 3.10* 0.20b 49 4b 7] 52
! months 7 2.090 0.10 1.57% 2.89s (.21 43.5b 75 2¢
! old 14 1.89* 0.09* 1.15> 3.37» 0.19> 48 5> 79 5=
| 21 2.154 0.090 1.622 3. 112 0.21® 59 5= 88 7=
i 35 2.122 0.092 ]1.12b 2,992 (.25ab 45 7> 79 7
| 70 1.970 0.082 0.87> 3.43* 0.35* 43.6> 82 22
#; Duncan's multiple range test. significant at 5 % level.
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Table 14. The branch length of citrus trees

levels of

treated with different

fused phosphate.

L
-
Mv » - - £ L
(1} o @ 0 68 ¢« F- RO RN L N ] - o o @ O « o 0808 80 LR ) LR K]
—g | —AEENS | MeOShin | SNON®N | NOMINOM | SO—NDO | DN O OHOONM
£0 LD | LDSIOWBOD | (SO CHOO | BPOOT i | 0O | DS NDO i | DS OT
ml\ — ot et O\ vt et et | et et IO\ 0t ) | vt et et et O et | et et O =1 QN] | et et QI QON) vt et
[
m
n —
(o] 1))
- O
MM —
~
00w OTONOO | Onw—no | cocooo | OwnNnoo | 000D | OWwONOS | Ot~ —NO
et —O B N [ TRAIBEE | TN | NFOOS | et AT
— o~ — —C\ — et N} —
[ R¥ .
&
P2
a. —
©
- < o 8) a m L, )
.ot
fxy

significant

ple range test:

#:Duncan’s multi
at 5 % level

-49-



2] & J42] Aol iU Ao AR =R, {FAUA o] 80 mgrkg
ojdal MY EZ(D.EF.G)Tol=  Axolg xlo]7} T3] gdatony Zt 4
XY HF Y ARPole A4t AN £EY A% A wx= o)
o]  Reuther 5(1949), A $(1964), 12l3 f§ 5(1982)2] A7|7te ¢lal
Ald] AldolAq  AxtA wlg7l A BJo] d%g FA Yttt B2 U
3 ct

ol el AP BA

FRAL §go] oIt AH 2H = 4 AU Q4 A ¢22 3
22 g 2e] BAL table 159 Uch
3 gl RAFE ulAdle] ¥W Miyagawa(A, C, D, E, F)Rr}
Okitsu(B,G)olA 22|32 10,44 Miyagawa (A, D, F) Bt} 20448 (C, E)o] 44t
Bol ¥ warh ole FF3Y MU 43 el 7 83 717} dEty) o
wolelan (M &, 1977) Byt ¥H, BE AP Y G Pakxke  Qat
AluleE o] F712} ol BAE Ro|x| ¢alrh

ol’do M 7]&¥ viet o] A4 AlujgEo] Ao PFHolu} AFPAF 2 F
ol ol AW UelUA] ¢etil, Reuther 5(1969) 2] 4-6 d, & 5(1964)
¢ 10 &, el #F 5(1982) o] 7dgte] QA Alu] AJHAME $A2] o]
Uz Aol 4k vigTl 48 £ R¥cia Ry QA AIuyg
2] AZoln} BAtGE APl AFUF Av] 1g& BUSE= o] vff of
e AE Yot Aot}

vl g F3e] #A

FRAL o] Aot AY XY F&= 2 AY 2R AdrAu|+=E3 2
FEA24e VAL table 162 Yt}
X3 Brix Bt FEAA #$Fol 713 dadd A ERM 713 dgtey, 7
AY X3 Brix @5t A4t Al £E00] olF Aok RojA] Qjotrt. {H
H, g Iol ¥&5Y B¢ A9 AdPol ST RI(#HK, 1979: |AK
. 1969) 3tolch HEEPE YA UFe vja¥ o EQG F7 A4 ¢



Table 15. Fruit yield of citrus trees from the

fields treated with

different levels of fused phosphate.
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Ratio of
sugar to acid
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Table 16, Citrus fruit quality and the different levels of fused phosphate
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P-uptake(pg P/mg root)
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Figure 9. Relation between P—uptake by citrus roots and soil available P.
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