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Development of the Phosphorus Diagnosis Method for Citrus Tree
Fertilization using P—32 Bioassay

Zang— Kual U., Hae— Ryung Han, Heoyng— Ok Kim, Sung—June Song and
Hae— Nam Hyun

P—32 bioassay technique which were developed for determining forest tree’s
P—deficiency was introduced in order to provide an effective diagnosis method of
phosphorus status in citrus tree.

Some modification of the methods should be done because the physiological
characteristics of forest trees and citrus trees are quite different, even though the basic
principle is same.

Thus, the fundamental steps needed to conduct the phosphorus diagnosis were
investigated in the sand culture, pot culture and field experiment using two cultivars
“Kung—Chun” and “Hung—Jin" of citrus trees.

1) The exponential relationships were obtained both in Kung—Chun and Hung-—Jin

from the sand culture experiment and the pot experiment.

2) No correlation between fertilizer levels and bioassay P—uptake was found from the
field experiment in May, but in July and September there was a tendancy that
higher fertilization reduced bioassay P—uptake, even though that was not
statistically significant.

Seasonal changes of bioassay P—uptake were observed from all the fields.
Soil fertility was more closely related with bioassay P-—uptake than tree ages and

plantation altitudes.
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3) The degree of correlation of bioassaay P—uptake and soil available phosphorus or

P—contents in leaves was higher than that of soil available phosphorus and

P—contents in leaves,

indicating that P—32 bioassay method is more sensitive than

the conventional ones(soil and plant analyses) to make the P—status diagnosis.

4) The kept at room temperature had higher P—32 absorption activity than those at

4C

5) The active fine roots were distributed mostly at the upper layer(0~5cm) of soil and

around at the distance of canopy edge.
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e — 1

Root 5x10 “M CaSO,Soln P-32,60uCi Washing
~ 30min 15min 5min
(44883 dpu/ml)

5x10M *CaSO.
5x10M °KH>PO.4 (155000 pg P/ml)

- 7[0] -

Weighing Acid

Cerenko c .

Cutting cgun:m; { ‘Digestion Count ing(¥y)
(X, DPM)

Physical Quenching Correction
Multiple Regression Equation

Counting Y (DPM in digest).
(XZDP") =fy+froot wt+f(root wt)zix

Estimate of P-32 taken up(dpm, Y)—Estimated= Estimated quench corrected P-32 act.
Y(dpm)=X,-X, P-uptake (dpm in root)

A:pg P/dpm of reaction soln.
(ex. A=155000(pg P/m#)/44883(dpm/nf)=3.45(pg P/dpm))
UNIT:pg P m root” 15 min*

XA)/Root wt(mg)

Figure 1. Flowchart of P-32 bioassay
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Table 2. Chemical properties of soil used for the pot experiment.

OM Exch. cations (me/1009 ) CEC Avail .

Soil P
(%) K Mg Ca (me/mg)  (ppm)

Dark brown 2.8 0.48 1.35 3.99 12.4 168
Black 12.2 1.01 0.16 6.83 19.0 20.0

Table 3. Specification of experimental fields.

Field T Altitud
€ Location Soil type Cultivar ree age ¢
code (years) (m)
K-10-80 Donghong-dong Black Kung-Chun 10 80
Sogwipo- shi
K-10-75 Sinrye- ri ” ” 10 75

Namwon-up
Namcheju-gun

K-10-160 Sinrye-ri 1 ” 10 160
Namwaon-up
Namcheju-gun

K-20-90 Topyung-dong ” ” 20 90
Sogwipo- shi
K-20-160 Sinrye-ri ” ” 20 160

Namwon-up

Namcheju- gun

H-10-50 Chochun- ri Dark brown Hung-Jin 10 50
Chochun-up
Bukcheju- gun

H-10-230 Ara-dong ” ' ” 10 230
Cheju- shi
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Table 4, Fertilizer application for the field experiments,

Application dose (k¢/ 10a )

Field code Spring Summer Autumn

N P,Os K0 N P30 K20 N PO K20

0
K-10—80 14

K-10-75 9 28 5.4 3.6 7.2 5.4 5.4

K-10-160 42
72
140

20
14 40 8.4 5.6 11.2 8.4 8.4
60
120
200

K-20-90

K-20-16

H-10-50
7.5 18 3.6 3 4.8 4.5 3.6

36
50
100

H-10-230

Table 5., Characteristics of soils used for the field experiment ,

OM  Exch, cations (me/ 1009 ) CEC AVill)il .

Field code Soil

(%) K Mg Ca (me/mg) (ppm)
K-10-80 Black 14.2 0.67 0.48 1.85 16.7 . 10.5
K-10-75 ” 13.1 1.49 1.59 7.15 21.7 41.2
K-10-160 ” 13.7 1.10 1.10 1.60 19.5 73.3
K-20-90 " 16.1 0.70 0.32 1.85 19.3 36.7
K-20-160 ” 11.4 1.34 1.32 3.75 19.2 94.2
H-10-50 Dark brown 7.54 0.91 0.97 3.20 16.1 94.2
H-10-160 ” 7 .54 0.66 0.74 1.45 16.1 26.1
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Development of the Phosphorus Diagnosis Method for Citrus Tree.

Table 6. Effect of P camier concentration on P-uptake by the excised’
roots of citrus tree,
Concentration P uptake ( pg P/mg root )
of
carrier 0 ppm 50 ppm
0.1 uM 410 £ 132 162+ 12
1 uwM 939 + 297 277 £ 59
5 uM 1446 * 278 810 = 143
10 WM 2156 X 455 1356 = 198
20 uM 2151 * 137 1624 = 290
100 WM 5769 X 383 2826 + 1136
#: mean x SD
Table 7. Effect of KCN on the P-uptake by the excised roots of sand-
cultured citrus tree. The P concentration level of the culture
solution was 10 ppm, and the uptake time was 15 min .
Treatment P uptake ( pg P/me root)
No KCN 342 * 95
10°M  KCN 44 + 4.0

# i mean *+ SD

Table 8. P-uptake by the excised root of citrus tree under the different
keeping conditions .
P-uptake ( pg P/mg root)
Treatment
0 ppm 10 ppm 50 ppm

Low temp No Ca 377 £ 42.8 313 : 124 505 * 112°¢
Ca 402 + 136 468 £ 186 223 +92.8

Room temp No Ca 513 + 226 572 £ 45,1 396 X 158
Ca 558 + 193 432 + 29.8 350 £87.4

# i mean * SD

_85_



Cheju App. Rad, Res. Inst, Ann, Report Vol. 4(1989)

14

as F ueow ¢
M TFQIE 2SLF0°9¢ T OFOE'T 200F¥'0 L0°0FG'0 6I°0FSE0 02°0FL8°0 911 F S 00T
S0'ZF8IE 2I'SF 292 WOFIET T00FH°0 L00F2L0 PI'OFTIV0 9T°0F80 V' SEF8% 0§
WZF2Or 26'LFPSE 60°0FLZT 2Z0OFSI'0 S00FIL0 OI'0OF¥E0 9I°0F6L°0 Z1F 5% 02
S6°TF-9°82 29°6F0°.6 S2°0OF9T'T 20°0FET°0 60°0F¥0 L0°0FE20 BUOF,X0 S 09F2L 0r1
0S'9F80E WBFEHE LOFELT WOFSI'0 6I'0FWL0 E0OF6I'0 9T0FEL0 S48 F Vot S
26°CFC8Y I8°EF0°9C L00OFSET 20°0FST'0 W0°0F09°0 60°0F&0 ET0OFWT €21 FSIE G2 urf
00°ZF0°LZ SZEFO0E OI'0F65T #O'0OFZI'0 TI0F2L0 L00FV0 2I'0F66'0 0'8F%E 0 -Zunyy
WeFevsy TI'8F2'TF 82°0F86°0 20°0F9I°0 OU'OF¥°0 SO0OFVI'0 22°0F26°0 9'98FL02 001
B9°ZFO0EE 6L'8F2ZIS SI'OFTII'T 2Z0°0F8°0 D0F8Y0 20F0W0 0€0FII LT FE8e 0§
19°€F0° 1€ E&°TF0°L8 SI'OFITT 20°0F61°0 SO0OFIL0 20°0F9T°0 2VO0+9°0 E88FI6C 0¢
ZUFSIE 98FZE MOFUT T00F0 L200F990 SO0FH0 92O0FO'T LIBF DE 01
M'9F9' 1€ 99°9F 98¢ 60°0F6I'T T00FII'0 SOOFGLO0 LTOF¥O0 [OFTIOI 6€1 F91E S
BTZFEVVE 2WLFEVIV £20F060 OF6I'0 60°0FFL0 OI'OF6°0 OI'0FSB0 SBFEE G2 myn
PO VF8'SE 0€LF926 T20F T CTOOFLT' O EI0OFELO LU'OFST'0 CI'oF6v'0 9EF6V 0 -3uny
(wdd)uz  (wdd)wN  (%)®D (%)3N (%) (%)d (%)N
fw \Amuomm ) (mdd) sIeA
SIUSIUOD [BISUTIN aymdn.g uonenusducd g -1I[ND

pue unyp-Buny

*s|an9) 4 aseylp ayy e  uir-Buny

painind_pues ayl JO $8ARI| U] SIUBIUOD

jesaujw pue Aesseoiq jo aymdn-4 ‘6 3|qey



Development of the Phosphisrus Diagnosis Method for Citrus Tree.

15

Table 10, Effect of P levels of culture solution on the growth status of
the sand-cultured Kung-Chun and Hung-Jin,
P Branch Leaf Leaf Node
Cultivars  concentrations length length width length
(ppm) (om) (om) (om) (om)
Kung-Chun 0 6.45+1.15 5.22%£ 1,02 2.25 £0.29 1.34 + 0,34*
2.5 5.51 1,28 5.31+0.64 2.12+0.17 1.24 +0.24
5 7.37%x3.71 5,25+0.48 2.30+£0.36 1.33 = 0.62
10 9.39 +5.36 5,08+ 0.61 2.31 £0.3¢4 1.25%+0.21
20 13,4 5,03 5,884+ 0.64 2.443+0.22 0.95% 0.39
50 5.51 £ 1.62 4.90*0.75 2.18+0.17 1.16 £ 0.27
100 l1.0+1.62 5.55+0.,53 2.37+0.28 1.35+ 0.20
Hung- Jin 0 950+ 2,89 5.52+0.64 2.51 £0.36 1.37 % 0.43
2. 10,6 £1.51 5.82+0,58 2.89%x 0.25 1.47+ 0,32
5 147+ 5,02 584+ 0.53 2,66+ 0.22 1.54+ 0.36
10 10.5+2.72 593 +£0.65 2,58+ 0.36 1.41%0.29
20 11,2+ 2.43 6.01 +0.62 2.84 + 0.59 1.45+0.27
50 9.97+2.06 5.64+£0.33 2.36 £0.24 1.55+ 0.80
100 9.42+1.73 5.814+0.39 2.553+0.15 1.44+0.30
#: mean + SD
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4y 7hele
H4-9lc}(29).

dgE FA Goche AL A2
o
a

3. EZxul

1) P—32 bioassay

AL el o] AAY FAHzAA

oA AMHF el P-RFF5S Y44y
3 Ag43ql
Table 12).
TAHZAY A o F5EE Aujgke] 32
kg P.O./10as Z|Hez Eislm glo
10kg P.0;/10a ¥ & sich

Pot Al ALg¥l Ecke] 5 <abke
s F ou FRAz] Ags ¢y =
Gl gHyoel H&) 177ppmAn, FA
ZAe] A" RAEF(QaAnYgHe] T)
24ppmo.2 ¢f 7¥|H=E =& Ztolc}(Table
13, 15).

whebA A A elA] FHZARE A
ZAq7ke] AF4Ed Aol7l eSS H¢
T FRzAY AFFe] Add Ty o
o B FEQA ko]l el 7)al

34 g

=]
TRz

TET ‘ilt*lﬂl%“l

miokoﬂ A=l Faz All,] e
a3y 75'}° Rolx okotc}(Table 12, 13,

ho)
L r|o
m\l

4(1989)

oleidt Al4E 7Y o P—32 bioassay
HE 7|8 24y Sabe g Agekd
483 A4 F4ss Zolzg Ed du
g okd Aciyie] slejzl Azhsich

2) |84

N. K, Mg, Ca, Mn, Zn 59 o3 33
& AR A A A ol AHE AL el
A esket(Table 12).

34

3) EokE4

Table 1304 2E ulel #o] EokFo 4
71 g kol ABMEYL PAzcluct
v FAEGo] & Aoz, <UAtAly]
o] FrHgel ulel Py HYE welx
ket

=g, A4 Cazt Mg¥zEz Alu|4To
F7tgel wet Folxx ledl o] Ca, Mg
ghako] & £49u]9) Aujel Q% Hel
el 47=1c}h(28).

4) R&EzA

Table 14, 1504 HEulet o] Alzo
Zol, %, AF, HAUolg AL AA
Auje] AzpellA M@ FRzZAo] FHZA
2o} ol 43 Fed, A4 FF 4Ee
Zolol| ule} JAE AL wolx gtch

o]

4 ofAXItAIH
7t 2H=MY
1) P-32 bioassay
AF FEAGeM Ausle FHZAY
P—32 bioassay 2= & »<3 Table 163 7
t}. 5499 bicassay A Alu]4Fel oz}
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Table 14. Effect of P application rates on the growth status of the

pot-cultured Kung-Chun and Hung-Jin,

Fertilizer Branch Leaf Leaf Node
Cultivars added length length width length
(P05 k8/10a) (om) (om) (om) (om)
Kung-Chun 0 7.92+1.82 523034 2391039 1.25+0,35¢
8 8.97+2.41 5,701+ 0.45 2.37+0.36 1.30+0.14
16 8.2+1.04 5.04 +0.49 2.36 +0.18 1.86+0.34
32 10.3+5.33 5.09 +0.87 2,3910.26 1.3 +0.28
65 11.7+4.93 6.1140.78 2.4140.31 1.24£0.25
130 8.911+1.27 5.64 0.8 194+0.2 1.39+0.24
200 10.51+6.84 548+0.8 2.341+0.36 1.8%6+0.26
Hung- Jin 0 1231+ 1.58 6.16 +0.67 2.60 £0.31 1.38+0.34
4 13.7+3.81 6.091+0.31 2.60+0.23 1.4340.39
8 1.5+2.71 5.8 +£0.37 2.67+0.31 1.34+0.22
16 129+1.53 5.841+0.39 2.60+0.12 1.34+0.28
32 1.5+ 1.85 6.12+0.40 2.74+0.19 1.75+0.41
65 10.34+1.15 5.91+0.,31 2.56+0.13 1.444+0.26
130 n.5+1.91 5.854+0.76 2,47 %0 .40 1.43+0.22

#i: mean * SD
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ZAEE oY AYE RolA FUAR 7
Uz 9o AP 572 2RoA AusE
o] F7tgtel el P-32 F4%0l AL
Zdgkolgict. & EAWR o] Amad
1044 Zavs AS s 8mol A
I3 K—-10—-80& 5% 1259—1074gP/mg
root W2 Z7to] Molx] o} 5o
629—497 pgP/mg root, 9ol 541—506 pgP
/mg tootre 2 7zt Alu|gko] Zridtel ul
gt Rejoll % daFFFol FiHe AY
o] 2lch.

=3, 2L 739 o] vixg AR
gxg 2 K—-10—759 7S Feldl 9%
ol4t F452 5%l 760—499 pgP/my root
740l 453392 pgP/mg root, 9¥el= 3%
—312 pgP/my root £o2 EF K—-10—
80t w3l

g, a4 160mell A2 2% K-10—160
o] HLs 580l 845—612 pegP/mg root
A5 2o, Ay STl g2 F7el A
o}, 78lol| 520—458 pgP/mg root, 9ol
340—263 pgP/mg root &2 %47}
738folgie}.

g, 2084 eV Ae #d 90mel
gxg A K-—20-900l4 & 549
973—732 pgP/mg roote] WS mgor}
AlujbSe BAY 4 k. dkdel 74
goll= 655—419 pgP/mg root, 456—426 pg
P/mg root &2z 77 ZAasle ez v
ek

s 160m ¥ T K—-20—1609 7
£ 5ol AAY Aol g U 74

Folzt

o 516—420 pgP/mg root, 9%ol 358—249
pgP/my root&o.2 ZHA N ZdE uo ql
Al g Al§ FFol et Relel o A
o] 7} A4S ¥4rh
58l¢l A Al¥ bicassay ZzelA
TR gdchsb 793 949
HAeg ¥eol vy ZE 49
A g Ay Fadd B s BH
3ted wjgel ot uwhgo] wlmH e
A4S oulie], 3~5499 ZEAR Ha

3 kB e sluzlele] 4E L wtm
AeE FAsdd. a2y Afu] M|zl
bioassay oAb F4-59 zbelst wlmH =2H

% 9 oldzt ZE AL 2z K4
o] A=A s A = 793 99
A4 QA FaFol Fhslvr AR Y4
g Zlojo] A7l A od#Y o 2
Agh vlg 4lv] gkgo] AA H Zloz A7
e

28y 43 == Fxo qE P-32 4
gol atol: UE A ¢YUct(Table 16,
22).
ZA4 K—-10—-80(sh 80m, HE<U4 24ppm)
=% 2F K—-10-75C30% 75m, ®E<U4F 190
ppm)oll A= Fejol o JAES 5 3ol
7t FAAAA F94% el A (Table 16,
22).

olz{dt Az AEUFY atubgo] +
Folvt Tuncis £ u|SEo Ao
= AT Y9l

GG FA"H T K-10-80,
K—20-90, K—20—160, K—10—75¢9 s

Ay
%

-06-



Development of the Phosphorus Diagnosis Method for Citrus Tree. 25

Ecky fEQA = 7 24, 77, 148
170. 190 ppmol%le =i olof w2 fejo <l
AHE 45 750, 690. 486. 460. 445 pgP/mg
roote] £o2 Zase] TR {EQJA ¢
g3 A4 F4Fol 2AY BAE el
o} (Fig. 4).

AZ1E2 QaFsFTE vims 2 57
23 254 58] 1} ¥x3, 74, 9¥
coz yopzch ol S%o AFEFF-9 gl
A 2757 A 29 7, 9¥ell&= U4k 8
T57} gelAg epfic}(Table 16, 24).

7t XA uwel o] zel glot 4
AFagol 59l = 2] w-Fol P-32
bicassay 9 4]7|& 5%lo] =dtsjelsiz A
Ztsl x|k Qlabe|E AMelo] otE ®bgo] I
2 %) wEel Aol o} HE oo}
g Folch. v 7Hol4 <A F45
o - A=A ezt 9Yvct 2] s Fol 7
Yo] 94w} P—32 bioassay 472 ©i%
Hgsictn Aztsio

o] Zlow qlagske] & =H(7, 94)ql
+ As}=EEe ez #AA=glc(Table 16,
24)

olgs) Az vel Relol &Y AMES

T Auledd. AEYE 2z BEgudE,
AU FEo PAY BAL ASE @

et

2) ¢4

olulde g N, K. Mg, Ca. Mn, Zng
ek 596l A2E ol TLFpL vy

4

-97-

T, 793} 992 A4E ol 7olg]
th. ole ZFEUTY AMzgo] Zrigel
gt A Sr1ggake]l HAY Azeln Ae
=t} (Table 16, 24).

=8, Aol £ ulol e mhxizlx]
2 P o A% Fgol Ax N, Zn gy
A4t Alul4Fol wheh UMY AP vl
¥ sket.

Y. ZEYHSY Nolv K¥ze T,
#HuctE Eoke) w[SE (ululte))ol] o
FEid bolg molm ek

3) EokiA

Eokiel FrlEYEE 4 2 F3I 54
of Egtesl Hialk Azke]l ZAzgel] wfel 2
gHeko]l Zta =l Ugich(Table 17, 25).

g3, Ex9 HAMEE JqAnAHFHo]
HA Eckqlale] FAES 7 W] wl ol A4k
g (53 &4t dFgFez g s]of
oo, 3 FEHY AL o] B 4ol
wid AJu]sle] $kch(28).

ol3{@ Hs2 K-10—-75. K—10—160,
K—20—160 A¥Eel A fFEJAA @
o] 148—190ppmog Attts] & molgzm,
A4 Ca == Mg $%¥= s gos
AHRE QA wlE AlvgE AAPEs o} ¢
A2 AL A7|slE 2ol P—32 bioassaydl
A% l4t gkl o] fgle] A3

-
A%

o2
r)‘

4 off
rlr
PO
20,
U

1) A%zA
Aol =AMl Ao ol Al
2o o), W%, 4%,

A #FHE Alo]d ¥olx Yokt (Table

378 Holgol <
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X

18), ot FdAz4 AS Ay
£ e faldel ol e

oz s Fodsel Ay
3}7h e

tlo o2
)

™
o

=]
4 z
=] [
& ‘rr

o2

wge WSE
Aoe AEsic.

0} O
S g

5 = o 4@ Yz

SEQlAte]l & K—10-75 239 3L
e} Aol H]8) brix BE7F Bl gl
(Table 26). ol qlAl ZAl7}l %=E %2

oh= Bael dxsn Uct(23).

%, K—10-753% K—20—-90 2% ¥
o) Aaleske Al wlg FEWE HolF B
o}z 9gkert 10dA(K—10-75) 2 204
A (K-20—-90)Z2V5d 4+ o B &
eke A3lch(Table 27).

L XY

1) P—32 bioassay

ZFAzAe g vpaziAz Ay
Zo] Figtel el AAEH
7Agko]l 9)gich(Table 19).

st S0moll AAY 1094 FAZA4 2R
H—10—502 5%l 404—285 pgP/mg root
ez Au|42el apzt dAY AT el
Uz gigkent, 743 9ol AlulFe T
7ol A welo] ¥ A4 FFEE
597—484 pg P/mg rtoot, 372—292 pg P/mg
root £o2 o7t ZaslE Aoz 3o
2e 43 s 230mol HAAY E
A H—10—2308] 7% #elo &A% AF++
& 5%of 740—610 pg P/my root, 7ol
719-573 pg P/mg root, 9¥oil+= 396-391 pg
P/mg root #oldch

RN

Fol Hasl

rlr

=3,

...98_

g1, 34z vlzye H-10—230 £F
2 H-10—-50 Z3elA #ejel o A4k

£%o] g2 ol%E THZAY ALAR
ZA7ZLe] SEAAL FaFo] Aol A(H—-10—

0 : 44ppm, H—10—230 : 269ppm)el 71l
@i A7bEch(Table 19, 20, 23).

gw, A7d AAEFFEE F IR BT
597 7ol u]s¥ el 9¥olE AT
< B ech(Table 34, 39).

g, od4F Agske 59 7l
ol Ad4aFEFSHE
7A%e wolx glct(Table 19, 24).

ol melo] 9% A FiFol FA
o} sejol AR A Acke AL ¥
Algiet.

1 SV

shei sl

-]
Eeyes

2) Q¥
BEYT ARFE Avl4zol = 2 ¢
ol wahxl ghgtes), TRV YYTFE

uzge £oksl $E QAYFl Aol

E E7stn ulng FAE 24k o€ F
gL FH2A ZAF oAz 594

Eoktirh Ajzke] Aol wlel wtelAx AN
c}(Table 19, 24).

3) EogeA

2okel §71% ¥FL TAEck ujF o
¢ v meln, B3 FAEUAE MY 100m
ajeto] Ax% TAH(H-10-50)° FA2%H
Z A% e #§=(269ppm)E el A
och(Table 20, 25).

ol FAE o uls) L’a“
2ol ofzted Ajujgl U4t
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Table 18, Effect of P application rates on the tree growth of citrus
cultivar “Kung Chun”.
Field Fertilizer Branch Leaf Leaf Node
code added length length width length
(P205 49/ 10a) (om) (om) (om) (om)
K-10-80 0 23.8+6.37 7.24%1.66 4.06 £2.65 2.16 +0.97
14 23,1 +6.20 7.39+1.22 3,97 +1.96 2.12%x0,73
28 19.5+7.10 6.77 £1.61 3.80+ 0.92 2.20 +£0.87
42 21.1+7.69 6.97 +1.73 3.76 +0.99 2.07 x0.78
70 19.5+8.80 6.85+1.91 3.65+1.14 1.79%0.85
140 21,4+ 10.1 5.94+2.08 3.42+ 1,04 1.67 x0 92
K-10-75 0 305+ 19.6 7.71:4.36 4.32+ 1,14 2.45 X1 .26
14 35.1+17.8 7.15+2.96 4.03+1.45 2.55 £ 1.35
28 30.6+19.9 7.27+4.47 3.94+1.07 2.23*1.13
42 30.1 + 13.4 7.62+2.20 4.24+ 1,16 2.26 +0.78
70 23.9+13.9 9.02+2.44 4.344+1.00 2.25* Q.64
140 27.9+13.3 7.72 +2.11 3.99+0.94 2.17 *0.71
K-10-160 0 20.5+10.2 8.80+2.27 4.36 1,02 1.94 X0 68
14 21.5+9.61 7.93+1.80 3.96+0.81 1.95% 0,88
28 23.6 £13.7 7.47+2.11 3.871+0.88 2.04*1.18
42 20.8+12.3 6.93+2.48 3.72+1.09 1.83 * .87
70 23.1+15.5 7.57+2.41 3.87+1.30 1.99% 1 28
140 21,7+11.7 7.46+2.23 3.82x1.06 1.98%* 1,02
K-20-90 0 19.3+6.70 9.98+2,98 4,79 x2.17 2.25 £o0.85
20 20.4+9.44 10.3£2.79 4.80+ 1.40 2.26 = 1.13
40 23.1+£8.94 7.46 £3.10 4.64 £1.70 2.31 £1.18
60 23.2%+13.1 9.19 3,20 4.4031.63 2.24 £0.99
120 21.2+10.6 10.1*x2.72 4,381t 1.65 2.39+0.81
200 21.3+9.79 10.2%+2.,96 4,37t 1,13 2.34 +0.88
K-20-160 0 15,6 £10.7 7.81 £2,10 3.61 %0.97 1.86 £1.04
20 16.2 9,16 7.28 %+ 2,30 3.55+0.78 1.88 +0.87
40 16,7+ 6,93 7.72+ 1,56 3.79+0.83 1.75*+0.99
60 223*+9.73 7.67+ 2,25 3.98+1.16 1.98+0.89
120 23,8+ 11,1 7,48+2.,20 3.78+1.02 2.04*+ 1,13
200 24.1+10,7 7.88+1.96 3.73%x1.04 1.93£1.04
#;: mean x SD
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Table 21. Effect of P application rates on the tree growth of citrus
cultivar “Hung-Jin" ,
Field Fertilizer Branch Leaf Leaf Node
code added length length width length
(P205 #8/10a) (om) (om) (om) (om)
H-10-50 0 19.4 £13.0 7.47+1.59 3.53%+0.62 1.31 +0.90*
9 16.2 =8.00 7.26 2,17 3.42+0.92 1.30 +0.83
18 19.4+10.8 7.35%£2.22 3,56+1.,02 1.76+0.97
36 20,8 = 14.8 7.04 £ 2.10 3.47 +0.94 2.20 x 0.83
50 19.7+ 11,9 8.24+3.41 3.86+0.88 2.10+1.13
100 11,0%+£9.25 7.32+2.,39 3.57+ 1,00 1.44%+0,95
H-10-230 0 17.0%+11.6 8.34%£2.13 3.84*0.97 1.78 X+ 0.54
9 21,9+ 12,6 7.57+2.25 3,67+ 1.11 1.93+ 0.94
18 21.1+11.3 8,19+2.15 3.75+0.90 1,89+ 1.14
36 21.4+9.71 8.47%x 1,91 3.81+1,04 1.91+0.81
50 249+10.9 8.10+2.63 3.83+0.92 2.02+ 0.88
100 22,3+ 10.5 8.49+2,23 3,90+ 1.07 2.07+0.97
# i mean * SD
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Table 24. Seasonal comparison of P-uptake of root biocassay and mineral
contents in the citrus leaves in the experimental field.
Mineral contents in leaves
Field code P-uptake
N P K Mg Ca Mn Zn

K-10-80 527=9 5>7=9 5=7<(9 5>9>7 5>9=7 5>7=9 5=9>7 5=9>7
K-10-75 5>7>9 5>7=9 5K7=9 5>9>7 5>7>9 5>7>9 5>9=7 5)9=7
K-10-160 5X7>9 5>7>9 5=7=9 5>9>7 5>9=7 5>7>9 5>9=7 5)9=7
K-20-90 5X7=9 5>9>7 5<7=9 5>9>7 5>9>7 5>7>9 5>9>7 5>9)7
K-20-160 5579 5>7=9 5K7<9 5§>9>7 5>7=9 5>7>9 5>9=7 7>5>9
H-10-50 5=7>9 52729 5=7<9 5>9>7 5>7=9 5>7>9 5=9>7 9>5>7
H-10-230 5=7=9 5>7>9 5=7<9 5>9>7 5>7=9 5>7>9 9=5>7 9>5>7
{ or > ; Significant in Duncan’s multiple range test at 5 % level.

= i Not significant in Duncan’s multiple range test at 5% level.

5 i May

7 i July

9 i September

Table 25. Seasonal comparison of soil fertility of citrus fields,

Soil fertility
Field code ; Exchangeable bases
M Available CEC
P K Mg Ca

K-10-80 5=7>9 5>7=9 5=7=9 5>9=7 5§=9=7 9=5>7
K-10-75 5=7>9 5=7=9 5>7>9 5=7=9 9>5=7 9=5=7
K-10-160 5>7=9 5=7=9 7>5=9 5=7=9 5<7<9 9>7>5
K-20-90 5>7>9 5X7>9 5>7=9 5>9=7 5=7<9 9>5=7
K-20-160 5>7=9 5¢7=9 7>5>9 5=9=7 5C7<9 8>7=5
H-10-50 72529 5<7=9 7>5=9 5=9=7 5=7<9 9>7=5
H-10-230 5=7>9 5=7>9 5=9<7 5=9=7 9>5>7 5>9>7
< or > ; Significant in Duncan’s multiple range test at 5% level,

= i Not significant in Duncan’s multiple range test at 5% level.

5 i May

7 i July

9 i September
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Table 26, Effect of P-application rates on Brix sugar of citrus fruits,
Field P fertilizer Brix
code applied ( P,O5 ¢/ 10a ) sugar

K-10-80 0 8.87 + 0.32*
14 9.17 +0.21

28 8.90 £ 0.36

42 9.23+0.15

70 9.07 £ 0.21

140 9.13 = 0.15

K-20-90 0 9.37 £0.12
20 9.30 =1.10

40 9.07 +£0.12

60 9.30 £0.20

120 9.06 £0.42

200 8.93 +0.31

K-10-160 0 8.73 =£0.59
14 9,73 £0.75

28 8.97 £0.50

42 9.03 =0.64

70 9.50 +0.87

140 9.33 £ 0,61

K-20-160 0 9.17 %+ 0.38
20 9,50 +=0.87

40 9.07 +=0.49

60 9.13 x0.12

120 8.97 +0.32

200 9.10 +0.10

K-10-75 0 8.33 +0.38
14 8.17 £ 0.76

28 8.63 = 0.40

42 9.57 £ 0.60

70 8.90+£0.10

140 8.47 £ 0.15

H-10-50 0 8.87 £ 0.47
9 8.93 =+ 0.31

18 9.10 = 0.70

36 8.53 £ 0.06

50 8.93 :-0.64

100 8.93 = 0.55

H-10-230 0 10,0 £ 0.30
9 9.67 +0.29

18 9.73 £ 0.25

36 9.83 +0.35

50 9.63 £0.50

100 9.50 x0.56

# ;5 mean * SD
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Table 27. Effect of P application rates on the citrus fruit yield.

Field P fertilizer .

code added ( P,Os 4/ 102) Yield(%g/ tree )

K-10-80 0 25.0 £5.00

14 25.6 £ 5,51

28 26.7 £5.59

42 25.1 +2.15

70 25,3 £1.52

140 24.3 2,08

K-20-90 0 62.3 +3.35

20 53.6 £ 11.3

40 67.1 +8.59

60 62.3 £7.75

120 67.0 £12.5

200 72.3 £6.75

H-10-230 0 44 .0 £ 10,5

9 54.2 £ 7.04

18 64.5 1+ 18.0

36 51.9 £ 3.11

50 51,4 +12.9

100 50.6 = 3.40

#; mean *+ SD

Table 28. Root activity distribution of citrus trees measured by the P-32
injection technique,
Depth (o) P-32 injection point from the trunk
of S M ) L
Morphology
P-32 Observed P-32 activity in leaves(cpm/10%)
injection s M L
5 Upper leaves 605 2177 3094
Lower leaves 922 1556 1526
10 Upper leaves 313 1484 378
Lower leaves 317 776 397

S ; half the distance from the tree base to the canopy edge.

M the edge of the canopy.

L i one and half the distance from the tree base to the canopy edge.
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Figure 4. Relationship between P-uptake of bioassay and available P in the soil

of the ‘Kung-Chun’ field.
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Table 29. Distribution of the citrus fine roots in the black soil .

Root weight (mg/100cc of care)

Depth (om)
S M L
5 189.5 147.5 115.8
10 39.1 - 244.3
15 - - 149.6
20 - - 24.6
25 - - -

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

M; the edge of the canopy.

L ; the distance extended outwardly corresponding to half the distance from
the tree base to the edge of the canopy from the edge of the canopy.

i no roots existed,

Table 30, Distribution of the citrus fine roots in the dark brown soil.

Root weight (mg/100cc of core)

Depth (om)
S M L

5 154.9 44.9 -
10 72,1 95.8 61.8
15 58.5 35.9 161 .4
20 13.2 3.2 76.2
25 25.0 - 12.3
30 21.7 - 25,4

S i half the distance from the tree base to the canopy edge.
M ; the edge of the canopy.
L ; one and half the distance from the tree base to the canopy edge.

; no roots existed,
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Table 31, P-uptake activity of the citrus roots at the different depths and

distances from the trunk in the black soil,

P-uptake ( pg P/mg root )

Depth (om)
S M L
0 —5 432 669 697
5 — 10 1167 1173 944
10 — 15 - - 1173
15 — 20 - - 884
20 — 25 - - -
25 — 30 - - -

S i half the distance from the tree base to the canopy edge.

M ; the edge of the canopy.

L ; one and half the distance from the tree base to the canopy edge.
— i no roots existed.

Table 32. P-uptake activity of the citrus roots at the different depths and

distances from the trunk in the dark brown soil.

P-32 uptake ( pg P/mg root )

Depth(om)
S M L
0—5 273 405 -
5 — 10 349 402 371
10 — 15 442 334 362
15 — 20 441 96 242
20 — 25 311 - 241
25 — 30 272 - 230

;  half the distance from the tree base to the canopy edge.
the edge of the canopy.

- 2w

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

— 3 no roots existed.
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