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Abstract

Similar to the 2K uptake, ®Rb uptake by the roots of
Hordeum distichum grown in the hydroponic culture was
negatively cormrelated with the concentration of K supplied
previously, showing that ®Rb can be used for the
K-bioassay. ®Rb having longer half life(18.86 day) than
“K(12.36 hr) allowed the use of larger number of root
samples. *Rb uptake of 3 years old Citrus unshiy Marc.
grown in water culture decreased drastically with the
increase of K concentration of the culture solution, thus
‘demonstrating that the nutrition status of K for citrus
trees can be diagnosed by K-bioassay using ®Rb tracer.
®Rb uptake by the excised roots of Hordeum distichum
Beorrelated with the exchangeable K in soil. The amount
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of exchangeable K in soil for the optimal plant growth
can be determined by its relationship. K- and
8E’Rb-uptake by the Hordeum distichum roots were
markedly inhibited by 5 x 10° M KCN in the bioassay
solution, indicating that uptake is metabolically controlled.
There was no significant relationship between K content
in citrus leaves and K concentration in the water-culture
medium. It is concluded that K-bioassay is a potentially
useful tool for determining of K requirement in citrus

trees.

A8

UR¥4o] Bt wal @RI 48 49 934
9dA P ZFol AF 1085%Y fdvie TH ¢
£Q7Awol €7 BRe o fofritEeel APAL %3
A &9 AF ZEAu FUSe] ¢ A4 gAg o
¢ Aoz 448d waM HHA uud 71se &
datel e AL FANI L, A APee AF
3 Brstel AF4 3FY A AP F19€ Yol ®
Qs AFE HAGolol ¥ FAlolck. -, BEA
W FNEL g Hopuo] e A Yol 2y
9on At AFAuFRo 433 g o vas
Fagd AuEd’ Hde 444 1ge AR 3
o 28y Auldkgo] £2site a9 9Y4UA 54
g2 druyoz: JYAYY & 2 AHHFL
sekg 4 glol olA% 0dMe) Qv AR IAGA ¥
AgolA AP ARsn U7 G2} 4SHe| B
stof AN EAZL AzEA dFHn U

mebA ZEUTe FEYPIHE 6 oATEA Uot W
4 Qe e FYL Al AR 2uelM ¢ F8
@ Qojnk.

2 a7de A8 47N YRaTPEE: Ase Tp
bicassay¥"*¥¢ FEUTS <4 gD o] gt o
T2 AAHS gEMoll EFENE s BeE]
BN #2Y QAU FYSA dobd £ AE

€ =5 5] BA3B(1994)0 A H.



1Y 8% u A

Znz E dPelde A4 9 Ve 2EHUE
2 bicassay & TEUF 7t YR ol gste 7]
£ AU E2N FAAHY AuFAAHAIZ] 2 AuF
A7) gl &4, 7t d ved 5% 33, FARY &
AT Fol 719t nA g

A8 2 34

74 9 EZAA

W29 e (Hordeum distichum): A%T F&AFgoez-

{ e AFBY(F4) FAE 05% Zor P44
FoAoIN 083 B4R YET, 2R42 3y AN
H, petridishel Wo] 25°C #2714 Lol AT, aF o
o7} %33 At Tzl growth cabinet (20°C, 50 Klux)ell
H 47 4AAME AAsQd ol oele
Hoagland 474 4z4"%2 7l2e2 #e Kt 0, 25, 5, 10,
30, 60. 120 mgdliter 502 @adtd 39 A0 uA
Tty

FH AF YT g EY Y | Kg T2 Zolry
R £AQue rlATlA R welrl Y WEzwa &
RE Aol daztae 0, 3 6 12 30, 60, 120 Kg
K:0/10a %02 AMa1 growth cabinet (20°fC, 50
kiux)ol 752+ et 249 A48 ngzd g4
£42048 10 Kg N/10a, 9 Kg P:0s/10a 2 44 33
s

HZ{Citrus unshiu Marc): $&AFA AFgF AT 4
A ZdlE 3dA4 ZHeF FUTEINE e An
W E8$2(10 - 20 °C, 30 - 50 Klux) WelA 47493 4
AAE AASAN, $AH K 88 8t BE 3
< ol 302 HFHoz Mol FFEY 58T FLAHS
Ho2F AR NRE £ARE ugsie Fd

K Rb
K ¢ Rbf45& 2487 98 P9 Qaddagde
el Hy P P-bioassay WH'%VE okt WAHEA Arga
At & KEF5E 2487 A3 5 x 10° M KO “K
78 Be/mb) 84 21 Rbf4Ee 28] 8 5 x
0® M RbCl® ®Rb(740 Bo/ml) 8o #alg zzt ¢}

M Hz
m

A =

_2_

20°C AN A3 15 & B¢ K o *Rbe A2 F4A2
9 e A¥sdd. Ke 2s7] A R 87
T &A= AAS | 4AFS gk M F48 4
AHeg 3487 A3 HSO-H 2 Helg AR
H Nal detector’t ©d multichanne! analyzer(BS27N,
Silena)2 °K& AZsgi.

#9, o] F48 YRS AZ37) YA %Kol A9
otA7tA R B E A 15 mig 2F471 Bol e A2
el Y1 liquid scintillation counter(BF8000, Berthold)2
A8 Cerenkov counting o2 ®Rbel %2 243
A HAE Y 23E o e FUH 22
#P-bicassay '™ E8o Bt

el o3 158¢ vEFTE KRbY¥ &, KRuE
FE2 &40z Yeiyd
F

5549 K £ PRbsS Bae( pg K or Rb/Bq)

= [ ]
mg .15 min

Bl A4 F (mg)x &4 21315 min
= pg K‘mg/15 min

S(#4A %) KRb)~amount(pg) per unit radioactivity(Bq) of
“K or ®Rb solution

H M

B3 £E #EF9E 70 °C 327N AzxE F 248
T 05 g& Ao HS0-H0;2 AHE# 8kl Nnitrophenol
blue} )& Plammenium molybdovanadate’y)s= vl AR
FQL® Ca, Mg, K& UAFHE %Y (Perkin elmer, model
28002 A,

Bz A8A 73

FHEY 59 ammonium acetate(pH 7.0) 25 mlE& 7}
o 3087 T"HE ¥ oAse] 98 BE%37)(Perkin
elmer, model 2380)2 K& H#sAqcH?.

A4z

FAZ23@ SAS(PC version)& ol&8o] HMH et 2
A8 AY, 123 APA4E FEHYT F¢, Duncan's
multiple range test2 AAlsgcH”.



a4 9 33

KCNAjzl o] A%

“K 5471 #4 dAE 5EF4UA 283 RbE K
9] analogZ AHEE 4 UEAE Yol w7 M 3EA
Aol KCN®E 5x10° M $22 Agsted 2 43& =
At chFigure 1). KCN FAgdME #3949 342
W 2 wale KYdaed mad K F450 gaiaiod
KCNE #2atA g8 AHaAsdA Fas dol va) K+
So] A3 "olAL K FFFTHRe Aol HolA
gtk ol PP -bicassayol <¥ P F45H @Y KE
% ol A% Al yag el od&f Fod K¥d
& Jehlle zojth &3 Rbel ZS% H®et opyel 7
79 ASoe KEFT U H&e FFE Holn slE
202 Bol Rb2 K9 analog? FF4¥E ¢ 4 Utz
Abg H

*Rbel A GEAT

K-bicassay 484 23 PRpF4AIe 248 ZAn
Figure 29} #th FFAgol Zvlgel mel RbEssS
223 FolAthy}) 158 o)Fol guksA Frtse Aor
wol PRpbF4AIZHE [580] HPsicta AR HULH
“RhE 4 gAe] A o

PRoE ;e 2o WE RbEFwe HaFde dob
87 98 15 20, 30°C2 238 PRbgAd R ¥
of *RpE4SE AR u exsb goldd wa
"RoFFE e A worAE AFoIUS K Figure 3), 2°C
olf9] 271%o] M oz wel "Rb F4EAY 2k
£ 20°C Ax7t Agsicin 4zhEqn

A3 Pejo] waxd

K-bioassayE 87 9§ #aAge TN 4 24
ntax GgrE AL slohz AN AEdz 2uE
K-bioassayd 8¢ AAstdc wals TN HHg »
2 Algho] Zagdl wal M¥e YEo| dolx Rbl
ol g2t 4 7tgAel e o AMAFE 20 ALAAE RbE
4230 Hl&d Rez HoKFigure 4) AR a7t
Ay AL AgYol Afde AR Y L
K-bicassay 484 #2E Jro] B39 % K-bicassay °l

o
g

3A 9% FA 42 Aoz 44HUT

%K 2453 "RbE4% ula

2K 4% analog? AH4E PRbE4EE w7 9
8 43 ¢ AFHAE £AAulEo K-bioassays AAl
3o 2 A% Figure 591 Yehidth K $&o] Z7H
of wal K 450 ¢45A0H data not shown). ol& ¢!
el gopage 93 AHEHYY TP-bioassayfel €2
TR ) glalojorAgdle A LW & Ute e N
ol ZAsbolt}. 1#d|, K-bicassay A¥S & ool K&
2717k gotM(half life: 1236 hr)™ el B Agg A
Fa717t 2Esnz ojmch wty] tha 7 ®Rblhalf life:
1886 day)™'& AbgEE Aol stk Figure 504 B
gtel go] RbESFFol KESsd 588 282 ¥3 A
e %K gAo] PRhg ALEY 4 Ao AL ded Az
otk &% B9 gF KEFe KIFFTol Z7ied
gt HolAe AFL Bo Jd4 AEIs g i
AR AoE FEAMA7} REY YYNES & F o
£8 + 1&g 59 Zzelrh

Rof s pEFA o4

Bl 450 A5Fe @S dobuy] HH Ko
M2 4530 £AAME AT AR dEFE A
o Rb&¥ 4% ¥ wddcHFigure 6).

dae dBFe KFFFFol 27l wel gotAe 7

g2 393 Rbi4sde FYAQ F#g e A2
K-bicassayol olzlA 2tge] gage FHE 4+ UF
& 29 ZAzpo]H(Figure 7).

Rbf4Es EUF Ag4 slelgaae] g4

Figure 7914 & uis} gol we] R 45e AN
o] Z7l4tol wat A5H BAE Bgon EGF ey
7o #Fe 27t Y-S vl 28 RoE T2

EYFY @A vteggdele 1xs Fo 4Eg 24
g4 st g Fel 1.0 me100g H9lolA RbEF5
o] ¢utd] YasE FFE e U7 dEel 2 ol
o Xgy 7telgFe 2o 4ol £ER W e uu
We Roldh 53l diyarelMe EGIRTFS AY
Mzlghe H3@A7t ReAn EGEAAe A5 o
FEESFS $4 LA Q7] R BT
Ao} FRFIE AYE 4 e A AR} &) o

a



12 Hordeum distichum " Hordeum distichum ‘T Citrus vnshiy Marc.
<! <10 3
2
H £ 8
z
oo § . $

2 £ 24
i.. i. i
: H H
Xo2 2 x
° o
L] L [ [} L « ¢ © 0
K concentration{mg/Uter) K concentration{img/Nver)} K concentration{mg/er)

Fig. 1. Effect of KCN on K-uptake/Rb-uptake by the excised roots of Hordeum distichum and Citrus unshiu
Marc. grown at 0, 10, 60 mg K/liter of water culture solution.
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Fig. 2. The kinetics of Rb-uptake by the excised root
of Hordeum distichum with time. The K concentra-
tions of culture solution were O and 120 mg/liter.
—*—: 0mg K/liter, —+—/; 120 mg K/liter.
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Fig. 4. Effect of the time elapsed after root sampling
on Rb-uptake by the excised root of Hordeum disti-
chum grown at 30 mg K/liter.
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Fig. 3. Temperature effect on Rb-uptake by the exci-
sed root of Hordeum distichum grown at 0, 10, 60
mg K/liter of water culture solution.
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Fig. 5. Change of Rb-uptake and K content in leaves
of Hordeum distichum grown at the different K con-
centrations of the water culture solution.
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Fig’. 6. Relationship between drymatter and Rb-up-
take of Hordeum distichum.
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Fig. 8. Rb-uptake and K content in leaves of Citrus
unshiu Marc. grown at the different K concentration
of the water culture solution.
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Fig. 7. Rb-uptake of the pot-cultured Hordeum disti-
chum and exchangeable K in soil under the different
K fertilization.
— % —; Rb-uptake, — + — Exchangeable K.

Table 1. Mineral content of citrus leaves water-cultu-
red at the different K levels

Mincral content (%)

level s e e e s
(mg/l.) K N P Ca Mg

0 0.86™ 345 0.23 (0.45* 0.20"

2.5 0.86* 3.65* 0.24° 0.46° 0.21°

5 0.76 3.41° 0.23° 045 0.20"

10 1.03" 341° 0.23* 047 0.20"
30 0.83" 3.37° 0.23* 045 0.19°
60 0.78" 3T 0.20" 0.46° 0.18"
120 0.94* 3.14" 0.18" 0.45* 0.18"

*Ducan’s multiple range test; significant at 5% level.
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