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Summary

Three years old 18 trees of Citrus unshiu Marc. had been
cultivated from 2000 to 2001 in the pots containing the dark brown
volcanic ash (DBVA) soils of pH 4, 5 and 7, to investigate the
effect of soil pH on the chlorophyll contents, photosynthetic
activity, mineral contents in the leaves and the fruit yield of
citrus. In vivo pH measurement of citrus rhizosphere was made by
planting the roots in the agar medium mixed with pH indicator,

bromocresol green.

1. During the experimental period, the initial pH values of each

soil were not changed.

2. The contents of organic matter and total nitrogen in the soils
did not show any difference between before and after the
experiment. The contents were lower in pH 7 regime soil than

in pH 4 or 5.

3. The soluble Cu, Fe, Mn and Zn in the soils were higher in pH
4 and 5 regime soils than in pH 7. But the contents of Fe, Cu,

and Zn in leaves were not affected by soil pH, only Mn content



being increased in lower pH regime.

4. The chlorophyll contents of young and old leaves were not
influenced by soil pH. The contents were higher in the matured
leaves than in the young or old leaves. The photosynthetic

activities of trees were also not affected by soil pH.

5. The contents of N, P, K, Ca, Mg, Fe, Zn, Mn and Cu in the

leaves seemed to be in the sufficient ranges for citrus plant.

6. According to the farmers’ opinion surveyed, the low soil pH did

not affect the yield of citrus fruit.

7. The color change to the blue in the rhizosphere of citrus tree
was observed in 10 min. after inserting the roots in the agar
medium mixed with bromcresol green, indicating that the pH of

root zones was around pH 5.2.

8. Considering that the chlorophyll content, fruit yield, pot activity and
mineral content of the Citrus unshiu Marc. was not affected by the
lowered pH of soil, the effect of soil pH on the nutritional physiology as

well as the citrus growth in the DBVA soil should be investigated in detail.



= 542 #E2 AAAY oJAREH AFEA AAsE FTE
A oAl AJAE Z3 glom 60 oA E AFEY AR Ao 2FoR
AaEol gou AAAERZ AWE 7] ARF AL 19609 o] FH F
F AT(F, 1974). 2 F AW WHLS X&Hoz Frlstd 1980 &=
14,094 ha, 1985d9l& 17,000 ha(Ko$ Kim, 1987), 2000l & 25,796 ha(%
AT 4, 200000 o2 on, AtF v AAFE VM HL2 AFHA
o H2 WTOEHoE FAEA RS 7/HEsr) o Fogxdr F443te 34
L B9 AFolH, o2 s FEFA diFd §1717ke] wW$ Bujste 7
9 AAY Anst ¢ 2ad APt (FEF AT, 2000).

2 B¢ FUAA AFEY ZE AL SHAA AN AN HE
Adwt std ZAYE JdAez FAEROE AAF AFY dsHIFAdTA,
1999)% AFE FAFES EAHo= A3 FGHEE oF Ause #FPo
A&Ho] stu ANuFL SXng FF 2-38 o] F1 JvH(&, 1975). 53,
A2H59 A$ 71F AHFL 5d40°] 130 kg N/ha, 2594 300 kg N/ha
o] A%k Ak 400 kg N/ha ©l3tE AH|gtE F7He 17.3%° E#H3L i
400~1,200 kg N/ha o] Al&3ta Yvh(A, 1996). E3F, A Ee] g <
Ao A nAEARL EG A fFEEY & 4FE UXER AAE A
89 FAE AR gon FIIL AA FHFRG X L& FE Ay
sta Qe AAo T (ol $} of, 1975; & &, 1975; 8} £, 1975, K T, 1992).

oy seu|R Y ATAHE ZEY FAS AL FFHE SHE
E 24788 z¥Yste 990 Ho L u(Embleton 5, 1973a 1973b; £&F
5,1970; $5K 1979), tSo] ZEY EX 23 333 JAL oA B
olvgt A&%E FE FHOZ FFUFIE AEE I3 At 2T FHo
AH(FHFATF 2, 1997).

53, 24 HEY AgAH e EF AAFFS SIAMTE FLAl HY



St dHA e iEA, 1986), o= U #EFY EF9 pHE 7044
Fwol FF 6.001%W Aol FA 45 HIE Yo} Fdxu BRI Yo
(FFA T4, 1997).

Ut o2 E<go] A3/t HWA K, Ca, Mg 5 d719 &% &7 2

#9 olyg N, P, K 5 &£ g FEE7 2 A #4332 Al Mn, Fed
8=t FUtstd AEAK H=2E 9IS ZAdn gEA AYGh T,
1975; K, 1984; McColl 5, 1987). 2@ x B (1992), B F(2001)& A 3=
A% =2A WY UAE 5o AL FPA2IAH FAgFL Lol AHES B
A HEZ B EYY B4 vmdca 3.
ZEQL ESY AR ddF 9F F /M FHF A ES F Mn §F
Z7MNA ZE Q4 T Mn 34T FEEFF A 2= AlY 4571 9
TA 4T 5& AT F AT(HS &, 1989). 28U = AN EF
AR ZEUF Aud FFE X E vt A AL dFEIE |
£ ARt

EY A=E 2AE7] Aste M3 A&e] @wol AFH d2ovh(4l, 1996;
&, 1979), pHES =371 HsiAE Fod M5Fe] 2a5E d, EY o w
g ol oy U HAE EYQA FS pHE 4.004 552 &7
A AE oF 3000 - 7500 kg/haol FodH AFE HFAZ BHE oHF FS
FENZ BF X3S FHIY] AHME EFH AAFHQ A B oHE
o] oemz ©r|zte] o]Fo] A & Y& Ak¢te] oYUt (& T, 1994 F T,
1988; Jackon, 1960; Sasaki, 1978). Z#8 B2 EY pH/} AF =9 4 g
A3 E EFY B 333 EA4H BF A, $F vXE %S =
ol M3 Atgol ¢ EF MFY daRH Edo] o= pH HA7AA FAH
olof ZEFAK £ ANE AU E Vx A5E FEITE SHAAN HA$
83 dojrh

A, B AFAAE potd S T8 #E2Y ESY pH7t EFY E9
33td 3 ZEUFY JFAYER e 4FE A7 E 4, s TE
AakaFol E< pHel 93 @EAEXNE dolrston 7aE ¥ pHE in
vivo A Hd A ZSA 3.
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1) EF A3 € pot )

AFE 5 A9 7353 A4S 3l <24 gAIE EFY F
ZEA e A 2000 4€9 ZF pHell wet EYS AH}HUEH, pH 4 9t pH 7 E
¥ TFHF F=EYANA 2 pH 5 1 EFS S Axe BFAAA A
FAstAot. 53], pH 7 & ELS BAA &F wddel wWid HALE A&
A Aol Aol o]E EXY £ A H4AL Table 13 2.

pHol w2t AALY EFE 35x30x17 cm 2719 9 EH29 potol 50
kg A& ¥ ¥ 3dA THEA ZEFYF(citrus unshiu Marc.)E A3 2000
| 449 7¢ 20019 114714 A ol &3 A

N

Table 1. Chemical properties of soil used

Exch. cation 0.1 M HCI
pH EC  OM TN AvalP - (cmol-kg) - - (mg-kg!) ——

Soil 1 -1
(15 mS-m’) (%) (%) (mg-kg')

K Ca Mg Na Mo B 7Zn Mn Fe Cu

pH4 4.66 205 162 063 134 047 178 1.38 026 0.02 067 781 17.3 531 021

pH5 5.31 215 164 079 3.1 024 673 153 014 001 024 163 6355 358 0.23

pH7 721 326 931 031 113 029 254 291 045 0.01 037 0.16 042 0.69 0.01




2) v® A&

HEE Table 19 2423 E EHE $EIFA AHAY =294 9
3 APE FS VIZE pot | EFFAEZ 435t AHFS pHEE AT
H ARG AR AdE A FLS FE7IedAA BFS}E vEeE FAY. F,
A4A v 8 84+F potd 4.52 g(130 kg N/ha)& &, 95, 7F& 50, 25,
25% M &= Al SR, Aad HEY &A4AHIE potd 17.6 g(220kg
P,0s/ha)e& &l HF AHSGAR, 252 HEI d37tEl= potd 4.00
g(100 kg KoO/ha)& &, o4&, 7F&°l 30, 40, 30% M &= UFo] #FA 33
oo AH B2 4 HEE AAAZE G FAE 2 7 £FF F RS
of AlH s

M

&

ot

3) 33y

1) EFEA

O AAY : EFAEE 20003 795 10¥ 232 20013 3€3 89 AL
W a2E9A 4 A2 F 2 mm ME FHAHG

@ #7118 ¥F  EF 015 g€ FHao AA FHd2=d €3 04N
KsCr:07(Nelson %, 1982) €4S 20 ml A2 AL A 150TC A
4580 4€ e F 2gdd &4 ¥ A¥Y. 2832 $HFSF 50 ml,
HoPO4 5 ml, AIAI%F 0.5 mlE Z+Z ¥ 3 0.2N Fey(NH4)2(S04):2 - 6H0S
EFEYOR 3o 415t - @Y FHF & AAAT

@ F 2L EY 1 gs HeSO4 14 mlek A d4& AFEA7E 3 S22

o Yol A EdAI|L A4 AFEA7] (Buchi339, Buchi, Germany) 2 =73 &}

At

8224 ¢ E% 2 gol Bray No. 1(Bray$} Kurtz, 1945) €94 14 mlE 7}3}

o 182 A"FE F qFse Fe@dFE20r £33 E471(JY138 Ultrace,

N
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Jobin Yvon, France) 2 =7A 3} ¥ t}.

X8 K, Ca, Mg, Na : E% 5 gl 1IN NHOAc(pH 7.0) € 50 ml&
7hsta 3087 J' AR H dAste FEZFESD=T EFEHVIE F
A A (FEFEH, 1988).

nFds  EE 5 g 0.1N HCI(F&Z &%, 1988) €94 25 mlE Y1 2
5TCollA & Al T¢ IJA IBeL 438 b5 =23 Ed=v &3

F A, F LE, F ZE, T vh2dE  EYAE 01 g2 HNOs 3 mig

HCIO; 1 mIE Zo] B3 =7lYe] ¥xu dgda] 3 FL F A3 &

€ 7teksin. 8 4717 dEdr] AFSE(2 min) B =7t E 2HA

T 443 A 23 YA A5 =7k HF 5 mlE ¥

I AL 23 0B} A F UF =YE oA AER A4 &A

7 =71 &9 EYAETF HFZ 8 &

A3 &L YA d2E W74 G Fol 2HIAE &A T

S F E7FY %ol 6N HCl 5 ml% H0 5 mlE ¥ A &

€ 715t AxW A8V @48 soW RYPIAZE $A ¥

50 ml WlaEgaId HYPoh Y EF F4 EE] &7 &3
HFE Y3 43<& oA £33

A 4L No5C AHAAZ 43 F 4 JELEES F=EZTE

o
o>
r@
Lo
2

(2) AEA &4

)

@

ZEUs 92 2000d 7€, 10¥€ 8 20019 8€d ZAZ NEFH 7 H
o2 FEIY dAFNS AFIAL A= £FF F ARE 22 A2
¢ 70C=E =dd Ax7d ¥2 d5 2¢ ¢ A=z ARG dxd Al
EF 2 mmol3dtd Z7|E EH(Embleton 5, 1967, & F, 1977)3t] £4
ARZ AFES AT

AL BF - AR 05 g2 AgEIga3d A FHee HS04H02%



(Anh, 1987; 5&2%%, 1983)o2 A7 5 FF %39 100 mlZ 235
o] 3 AE =AAT

® 24 AR 1gd Fa AFEAE &3 SH923E Y Y 29 &
AAE B3 F42 2iE A2 7 A2AT BV = S359-

@ TFLL, FLdLSA @ BAAL 2d] A9 F=AEEE =0 BB
4712 aFd4(P, K, Ca, Mg)9t vl ZFd4 (Mo, B, Mn, Zn, Fe, Cu)
g ZA43A.

® 4542 FF 34 : Z potdll A& FEFUF 4 F AL FHEE 4Z 10
M AR} AAHo2 E4L =A7|(SPAD-502, Minolta, Japan)&
o] &3t EFA3 AT

® FFH 54 FFH LS FFAH FA71( Li-cor SD6600, USA)E 7HA
I AE 7% F F A 2A FAFALH 20009 10€E A
TEE ZEUF A4S 1008 AAdS AR, 20013 3L
E AF £& AP HgFERZ 1544 HAsq FAH}A.
olwl JFFAH Z=AEXAL FY A7 1000 pmol s m? °YZ CO,
& =7} 400 ppme] .
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AFEW g 571 oA pH 4.0 ~pH 49 H$9 3374 =4, pH 5.
0~pH 5.9 ¥ 1074 24 283 pH 6.5 o] 4 6 7/} #2d& HA 3
E7HE A BESH 2000859 &9 HAHT ZAE AAFES =AM AR
o

o

A1y 3. Bromocrsol greeng & 8h agar boxollM &= 22| pH &3

agar box= Hussling (1985) To| A1&& WY& & WA A A #3A
=d, gFdA Mo WHsts & F J=E FAZ 05 mmel £ otTAEE A}
43t 28x8x45 cm A 7Z|E AF = 2A AZFAsA3 pH 40 ~ 54 ¥
Y& Z= bromocresol greeng 7FA 1 A A

AFu e 33 Zo] 3qgdAEd, 0.012% bromocresol green(H 2
9: pH 4.0 - 54)& F#3E= €99 0.8% agarg Lo 71€93 4t agars
AA3] 54 F ZYLA A AFoL % 50C7 € W7A A3 pHYF 4.2
7t =% 0.IN HCI# NaOHZ zAE3 At 334 332 ZEYWF (citrus
unshiu Marc.) 2] FEo] E0 & of3d vtxo %9 agarE Yol 23t
ojde HFEUFS FIYPe AFHAFAAAA FAHT YA REF ZHZHA ©F
Ko EGF 9 ETES FAI wAAA.

agar AAE Feo A71E 2000 lux, €5E 20CE2 ZZE incubator(DS-52G4,
(F)T<&€ 33, America)ol 3 At W& ZFYUF RYPFRHA e AAYF

o 4 wsts AU



m A % @

A8 1. £ pH7t ko =2[atstdnt AZ2LFe 77| ¢ &

dajof o/x= d&

1)E%S pHE 38tz A=A

Adol NZE F E pH A (49, 589, 6MA)EE <A 7Ivnt
AAT AF EYS pHE HWU(Table 2) 72 pH 4.46, pH 5.12, pH 7.55 W
oo AAE FASt 2@7I% TG v Y FE5HA pH 9F & #HEA € F
ANE Aoz Algdd. #7712 FH FEL FF2 AdAF Fo Ar|E=E
2 AolE HolA ¥stov pH 4 =& 5 HYAET pH 7 Y Afd ¥
1S ESS ALY BFA NN EFAZFS A ASHLZ T3 HAA o
A(FFA FAFHY MAFA) TFEH A3 EF /7€ FFol FHE
Aoz ArdY. ALY AHE TAE EYS SUoE BAY EY T 84
e FFS 43RS W (Table 1) &Qlo] M5t At

ditd oz A2 FEEES EY pH7l AN THo=Z 2 W F71F
t, 3% pHol w2t A EF F Aoe=7 27 gEd F 249
FEEY ¥ pH 9IS & 4IdEA=2Z£ Hrter|7 220, ades 2
AE Aast gdRYolY AAE B4std FEAC dE 4 AL FHE 737
EE Brtstodof EY pHOl W 9% S H7td ¢ & A= ARHH FF
HE E4E AAE Ao,
EY #2YA42 pH 6.0 - 7.0 AN H4dHYd FE=E7 /M =2
o=z 48A A= wHH, 1994), B AFoAE pH 5 HHAA =4 U
< 32 JAFde g dH2A FIESGH #71EYF 53, histosolsZtl

o

o

2 rlll

o] o

oS,

_10_



pH ¥ A4 JIAFEE7 & HE& AAFddE JAINES B 2 7

5 5Aol ©E ZteAel o ol dig FAHA AL BT
(Table 2).

K, Ca, Mg9] AUA< FE&=F pH 4 HYA THAZE Z+F F7tske

S BA=U(F 5, 1989), & AFdAME pHt £& % K, Ca, Mg 59

BolF 3 tH(Table 2). °18A FEE7} F

9% K, Ca, Mgeo] €7] A&7 4] A

oy
=
2
rO
Jo
l:o[r
H
rlr
ofN
)
o
ol
pous
o

e AAe FHNN Fhole

°

Fig. 1% E¥ § FEA4H AL &F e ded Aot EG T £
A IS BE 0.02~0.08% (M, 1993) 02 oy, ¥ AgAF 7 pHE
2 pH4, pH5, pH79 Wi&4 0.4% 0.6%, 0.3%o=2 =A YeEson, ¥

al
EG F REAL FFS FAL T3 obF 52 A FBBA A R

ol

AR Fol2 K, Ca, Mg 59 ¥F2 F L5, T Z+, T "tavs
o 93t IAA F5-He A2 YENT(Fig. 2, 3, 4).
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Table 2. Chemical properties of soils in which citrus trees were grown
under three pH regimes

Sampling __PH___BC___OM__T-N_ AvailP K Ca Mg
date 15 mS/m % % mg/kg --—— cmolkg -——-

July 15. 2000 4.35 55.2 151 0.58 24.2 0.74 421 1.17
Oct. 07. 2000  4.42 28.2 15.1 0.53 48.7 0.64 241 0.53
Mar. 06. 2001 447 37.6 15.1 0.58 42.7 0.62 2.80 1.03
Aug. 02. 2001 5.01 22.6 145 061 39.6 1.19 2.31 0.44

Mean 4.58 34.6 15.0 0.59 374 0.73 2.70 0.91
July 15. 2000 5.39 65.8 16.1 0.63 47.3 0.76 8.23 1.52
Oct. 07. 2000 541 31.2 16.3 0.63 73.4 0.59 4.09 0.73
Mar. 06. 2001  5.04 6.53 165  0.63 94.4 0.66 7.44 1.26
Aug. 02. 2001 5.12 30.0 164 0.67 84.1 1.38 4.88 0.73

Mean 5.25 32.2 164  0.67 80.0 0.73 6.27 1.15
July 15 2000  7.37 35.6 9.05 031 8.49 0.84 33.1 1.61
Oct. 07 2000 741 64.7 9.01 0.29 111 0.88 16.2 1.54

Soil pH

pH 4

pH 5

pH 7 Mar. 06 2001  7.72 10.3 106  0.29 28.8 0.83 24.8 2.65
Aug. 02 2001 8.13 21.7 102 033 15.9 1.54 23.7 2.23
Mean 7.57 270 963 030 15.1 0.88 24.6 2.19

Sampling Mo B /n Mn Fe Cu

Soil pH

date - mg/kg-———————

July 15. 2000 0.01 0.32 4.53 185 2.31 0.24

bH 4 Oct. 07. 2000 0.01 0.24 4.29 591 1.77 0.22

Mar. 06. 2001 0.09 0.81 9.64 26.1 7.05 0.74

Aug. 02. 2001 0.01 0.75 10.3 24.1 8.30 1.26

Mean 0.03 0.56 7.31 184 4.95 0.53

July 15 2000 0.02 0.51 6.94 115 2.86 0.11

Oct. 07 2000 0.01 0.38 0.86 2.21 0.66 0.12

pH 5 Mar. 06 2001 0.04 1.24 13.3 26.8 5.84 0.27

Aug. 02 2001 0.01 0.96 16.7 31.7 10.0 0.46

Mean 0.02 0.67 7.90 15.8 459 0.22

July 15. 2000 0.01 0.39 0.12 0.25 0.36 0.01

Oct. 07. 2000 0.01 0.35 0.21 0.26 0.38 0.01

pH T Mar. 06. 2001 0.07 0.80 0.13 1.19 1.14 0.04

Aug. 02. 2001 0.09 0.72 0.09 0.61 1.28 0.05

Mean 0.04 0.53 0.14 0.5 0.77 0.02

_12_



(;-B1bw) g-jreay

pH 4
[ OJuly 15. 2000 §Oct. 07. 2000 EMar. 06. 2001 ZAug. 02. 2001 |

0.2
0.0

© <

o o
(%) d rexol

P of the soils in which citrus trees were

Fig. 1. The relationship between available P and total

grown under three pH regimes.
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were grown under three pH regimes.
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total Ca of the soils in which citrus trees
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‘ OJuly 15. 2000 NOct. 07.2000 ®Mar. 06. 2001 ®ZAug. 02. 2001 ‘

Fig. 3. The relationship between exchangeable-Ca and
were grown under three pH regimes.
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Fig. 4. The relationship between exchangeable-Mg
trees were grown under three pH regimes.



2)Z2Us 49 354 FFG FHA

Fig. 5 E% pHE ZZYF9 A4d 749 454 FFH(SPAD )<
2% AeE g T A2FFH S 2HS BAE AT Ao AFGAAN A
doe2 ZFE FF2¥FL I e TEL Agel W 2 ol e
Aotk EF A71E §FH T AL Fo] v pH 4 ¢ 5 HAY EA ¢
o dEA FFL v FAIFE HPoYy, pH 7 HAdA AEL FFo] E2
AL EFEANZAH(Table 2)A HXo] H|E FAFIZAA EY T AFE
=7 adEgE ES F F A4 @§Fo| Yol A FFHE ALY Fo] F
o] d F A FFo RolA HEA F§Fo] HolF Holx EF pHel 9T I
F2 old Aoz AlgHETH

B F A pHA wE 20008 10€ 21¥e] 3" CO; §5F
pH 4, pH 5, pH 7¢1A 8.05+1.45, 7.87+1.88, 7.51+1.50 umol COx/m’s'Z
YEY 3 A2 9271 919tk 20019 39 28¢ 24 CO, FF5FFL
2.50+1.12, 2.46+0.97, 2.35+1.00 umol COym’s™'2 M= H27F §lo] yE
b Ao 2 Bol pHE R o7l glE A2 AR ET. 234 20008 108212
20013 39 349 FFFF] FL AL AGET g9 A2 FFo|
7] W&ol At

JHBEE B ATE T EG 279 HEdAAXE EY pHYF HEHH
T dE2 §F9 3FPdE ¥t gld AeE ArsdEH.
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trees grown in the different pH soils.
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HFFUT Ao TR B4

EG pH7l ZE 99 7718 §F v = 9%FS Table 39 UedH.
N, P, K, Ca, Mg, Fe, Zn, Cu, Mn9 %% Embleton 5(1973)°] R 1g =zt
279 € T AR 7IEA HHd E°] oS AU o, & 4¥ =A% 2
2 EYd EGddAE ¥ EG pH/ ZEY Fr19dd 2 9% S 1A &
P Aoz AlRET. 2¥E Mne EY 24 ZF(Table 2) pH7F Y2 EYF
A T4 EYEY =4 vy JJx 4 FAAE pH 4 EFAA A& 3
EUF e Mn &%Fo] pH7t 78 EGAdA A& ZEUFEG ¢ ¥ U
a8y Mn %32 71EX Hed &9 AAG.

Mn# = €8 Fe, Zn, Cut EY 5 §F9 tiasgs AR 4 5 &
Fol @ Zol7t YA

YE ZE2UA B EG AR At EF F 71€A Mn &% F
7HHol #Y FdL F9 HdHd 4574 239 HHFA 27 4E Fol T
A A7 AATFER, 1986).

@H, Cad T=7F w9 EUXY pH 7 #9999 EFAAE ZIFUHF 4
% Mg@&&Fo] %2 A2 Ca-Mgzte A& & 71U Aoz AgdT.
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Table 3. Effect of soil pH on the mineral contents of Citrus unshiu Marc

leaves
Soil Sampling N P K Ca Mg
pH date @ @ - ---- - - - - - - - W= === = === = =
July 15. 2000 2.51 0.21 1.03 1.38 0.31
Oct. 07. 2000 2.54 0.12 0.87 1.94 0.31
pH 4 Aug. 02. 2001 2.60 0.14 1.59 1.84 0.24
Mean 2.55+0.05" 0.16+0.05 1.16+0.38 1.72+0.30 0.29+0.04
July 15. 2000 2.66 0.22 1.19 1.38 0.31
Oct. 07. 2000 2.75 0.14 0.98 1.94 0.31
pH 5 Aug. 02. 2001 2.84 0.15 1.49 2.20 0.24
Mean 2.75+0.09 0.17+0.04 1.22+0.26 1.84+0.42 0.29+0.04
July 15. 2000 2.58 0.24 1.15 1.57 0.26
Oct. 07. 2000 2.25 0.13 1.08 191 0.22
pH 7 Aug. 02. 2001 2.29 0.20 1.61 2.37 0.17
Mean 2.37+0.18 0.19+0.06 1.28+0.29 1.95+0.40 0.22+0.05
Soil Sampling Fe Mn Zn Cu
pH date - ------- - - - - - mg-kg - - - --- - - - - -
July 15. 2000 105 22.3 21.4 8.11
Oct. 07. 2000 204 35.7 31.6 7.58
pH 4 Aug. 02. 2001 126 35.2 24.9 514
Mean 145+52.2" 31.1£7.60 26.0£5.18 6.64+1.58
July 15. 2000 87.6 184 21.9 4.77
Oct. 07. 2000 171 29.8 33.1 851
PH 5 Aug. 02. 2001 150 315 24.8 5.06
Mean 133+42.2 26.6£7.12 26.6£5.81 6.11+2.08
July 15. 2000 76.4 16.6 20.7 511
Oct. 07. 2000 191 172 29.5 8.36
pH 7 Aug. 02. 2001 156 19.6 145 5.37
Mean 141+58.7 17.8£1.59 21.6+7.54 6.28+1.81

* Mean = Standard deviation.
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Table 45 AFA 4L pH7t ol ZAEAd dg EFY A4 H
FHS ZAE Aon.

2AEY EY F A4 97 K, Ca, Mgt IA pot AFolA 9 ml37HA|
2 pH7F EFolHdl wet Frlste %S RAL FEYN =2 pHA =t
ol 7b AT, B, A2 FFE ES pH 3 IA dFS A &2 A
o2 yeyth

o] 2 potddF ZEY FHZXAE FTHIFG LY o AAAE EY pHYL
HHgds ZFEYTY 4542 §F FEAEAFE, 4 T FUIE AL A FS
I YA Foy g B4 2dE°] FEY ASFH AAFd o ¥ S WA
Aoz ANaHTH

uetA, FEU EF AEE A A AIUFY FE FFY £
e A we ugATE dojy A& F A3 =FFgr % QAdH T A
AFQQ ZHAA oJHE Hol Jermz By A7FQ SHAA A3 A& o
o g FJE& A 2AAMET THES =dsts A vFFsd Algd

e

Table 4. The soil properties and fruit yield in the citrus orchard, having
different soil pH

) No. of o.M P20s5 K Ca Mg yield
Soil pH hard
orchz
rehar % mg-kg! - - - - cmol-kg! - - - - ton/l0a
4.39+0.27" 33 8.65£6.19 277231 0.42+0.29 1.40+1.09 0.56+0.36 358+198

5.29+0.30 10 6.07+4.74 296+191 0.54+0.45 2.96+1.87 1.02+0.60 365+165

7.07+0.26 6 3.22£1.30 275234 1.25%0.62 12.7+3.69 2.10+1.56 341+103

* Mean * Standard deviation.
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ZAEUFY BPoN BEHHE F718 F F704S Z2d AAEY §E
TEd B3 oy Zd& IFASH (A, 1992; 9k ¢, 1989; Haussling,

1985) EY¥ F9 384 FUId 53], BE4AY s ¢Fvy 2= 2 A
g5 &3t HE0 IS TF3NE 7T L A=(Gregoy, 1999) AP EF
qx &4 ¢Fvsd AFstd dFvE-R7IF BEFAE HEo] ¢FHF9
Z4& FAANFoEA AEY AT ¢FvE 5 F&E ARAA Fohn 49
ATt

uebA, ZdEUF RYZEH {r|de] E2HEE AEE FAsI] A 7]
Z APdozA AAZANA EY 24 pHE FAH3E WP & 1439 24
o pH ¥W3tE ZASte EH Photo 1914 HE nieh 2o

<39 pHE bromocresol green(ZZ-3F M) HAHAE 71X FAH3}
o ¥ pHb52 AE=E Ha IAH. 53, S AZEA 108 T ZEA ]

2 A2 By FE FHdA AA AAHT] AFEHes I F Aol A3

o uwiel 97 E BE FHAgAZ ddS #AZE 4+ e, Haussling
(1985) 52 EdA ¥aY FAo 2 mmEUE 1 mmoA o WA @0
At A F71EFF & AFE JAIENA SFuFE G0 93
2 Ago] F LA YA XL AL GFEF-FI/E EFAE W=7 1
Folgtm ®ustxn Yokl 5, 1984). 28 d, E% pHe wE H 343 E %ol
Bo] BEF AFA Aq ZEFLY #ZE FFE ZAE 49 AH(Table 9)E
A EY pHY WE FF Aol& 2AHA X3t v 222, EF pHIL
S o gEUFe g dFvEY AL AES FEI 44T F oy
Z #FHA &2 Aol 4 AEUFY BYrt FUIA EHHo| Fo} 4F A
¥4 A2 B ASANAY] dEAAE B dTFEAEE AT 5 g
dEA e F714% ErlF L T/ T o A a3t

rlr
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(A) 10 min

(B) 90 min (C) 1200 min

Photo 1. In vivo pH measurement of rhizosphere of citrus tree by

indicator-mixed agar
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2 dFdAE EY pHIF E4Y 384 a8 #AEUFY FU19EF *
A EAC oudt &S v AE gotry] 959 EF pH7 4,5 7 ¥
el JdE g2 JANE Edo 3 A BEUFEES A3 potAHE A
AL A 7 AEL ETRAA ZF FFol EY pHel o3 #4 dFS
T3 JEAE ZAFSIAT

B, A BEFE 239 pHE ¢olx7] 93] bromocresol green A
Al Ffrd A uA A FEUFE AL AT mE A A e WA
< #BEIAG.

1. 93 7142 ART AYTFE NG F EF pHE 27 446, 5.12, 7.5
Wl WAE FAHAL, pot A AWF7IZEL EFe pHel WstE B
29 st

2. F71E Sy 224 e AYAT o AV|EHE & Xo|E Ho|x| &)

3. E¢ 9 Cu, Fe, Mn, Zn9 7184 &F2 EF pHZF 7 Hd FAHETD
© pH 4 - 5 ¥9dA 2 &3A=E9 F7t2 =¢v. 22y § F Cu, Fe,
ag i Znd ¥FL EF pHOl dFE A Fgoy Mnd FFE EF
pH7} %& o o =3kt

4 FEURSY A9 FE 954 FFES EF pHA dAN 9T wA @
gk, a3 NG HGoR 252 G2auFe FRGon Fge
Agel wa 1 gol % AYolUth EW, BRI FSE EF pHol
Jge JF wA st
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.3ZF 9 F N, P, K, Ca, Mg, Fe, Zn, Cu® &% E% pHol & &
FEEZO EUE 938 vx gu HA 7|FXY HYd 1 YA

L FEY THFE EFY pHel 93 A FFE LA &2 AoE YEEgH

29 79 pH WsE AY F 108%E DY 4L vy BE 794
A 9A WAy Adage 223 AstE 209 pHE 52 AEged Azt
ol Aol wre} ofz E M FHNE WAL BT+ I

L o1de AHNAM BERo] EY pHYF RHTE #AFUF d=54 TF, 3
e, % FUIE AEo] A FFE LA ¥ A= Hol A EYF
pH7} %2 g 99 #IEUF A4S == AP 3 HF EFI=
o o3 A IFE LE AE YFIAAE Fou 459 pot AMAAE
WA EY pH 9F S A&Astcior & Aoz AP,
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