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A Study on the determination of the potassium supplying power of
paddy soils by K application
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Plant nutrition and physiology laboratory,
Radiation Research Institute in Agriculture,

Office of Atomic Energy

Summary

Based on the concentration of K naturally occurring radioisotope of potassium, a
method for the determination of total potassium in soils and plants was developed.

The method was extended to evaluate the potassium supplying power of soils by taking
the ratio of exchangeable potassium to total potassium (Kex/K.), termed the potassium
buffering capacity.

Using this as index, it was observed that the release of potassium from soil
the first order reaction.

follows

A linear relationship was found between the potassium buffering capacity and  the
release constant of potassium or mica content of the clay. Similarly the potassium buffering
capacity was also closely correlated with total uptake of potassium by rice plant.

Hence it is concluded that the method for determining of the potassium buffering capacity
could be well applied to characterize the potassium availability of soils.

The method for the determination of potassium is characterized by (1) The efficient

measurement of the weak beta activity emissions from the samples, (2) identification of
40K, (3) calculation of total potassium content using the proportional constant of 9K of
samples to that of the standard.

Difference in the potassium supplying power of soils due to soil types was also evaluated
with the use of this technique.

The degree of the potassium supplying power was in the order of soil types as red-yellow
podzolic and lateric soils, basaltic materials(Rvd)) low-humic gley and alluvial soils,
alluvial plains and flood plains(Apa)) low-humic gley soils, nearly level to sloping local

alluvial plains and slopes(Afb))> low-humic gley and alluvial soils, fluvio-marine plains
(Fma).
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Table 1. Counting efficiency of beta activity of 9K in KCI
activity¥ observgg effi 'e::; dist diameter of _
ci istance| diameter o
(dpm) | count (%) type of detector (mm) sample
(cpm) ,
2709 98.0 20.0 | 1. GM tube (TGC-2. Tracerlab) 10 | 27 mm KCl- -
' briquette
” 155.0 | 31.6 | 2. the same type as the type 1 1| "
" 217.1| 44.2 | 3. large window GM tube (5006 type, Aloka) | 0.5 ”
” 214.4 | 43.7 | 4. low background beta counter (Beckman) - "
” 152.0 | 31.0 | 5. Carbon Counter (TGC-14, Tracerlab) — ”
” 161.8 | 33.0 | 6. 2 pi gas flow counter (D-47 Nuclear Chicago) - "
1% 176.5| 36.0 | 7. Internal proportional counter (PC-3A, — "
Nuclear Measurement Corp.)
” 444.2 | 49.4 | 8. the same as the type 3 0.5 | 35 mm KCl
: briguette

* OK g disintegration rate is calculated from the Suttle’s value (29.6 dps 5 /gr K).

#* Counting error is 1% as the nine tenths error.

*4¥ officiency is calculated after self absorption correction.

»

Table 2. The fraction of the maximum activity and the mass absorption coefficient of ¥K

Salt weight(gr) thickness activity, cpm* g‘fh:hirﬁ;g} mass .absorption
(mg/cm®) A A mum activity| coefficient(cm?®/mg)
_ - (A/AD
KCl 1.0 104.1 - 287.8 445.5 0.646 0.0099
KCl 1.5 156.2 348.4 445.5 0.782 0.0097
KCl 2.0 208.2 396.4 445.5 0.889 0.0105
KS0, 1.0 104.1 239.5 362.3 0.661 0. 0103
K3CrO4 1.0 104.1 214.7 331.2 0.648 0.0100
KNO; 1.0 104.1 209.0 320.0 0.653 0.0101
K Fe(CN)e 2.0 208.2 258.2 291.3 0.886 0.0104
K:Cr201 1.0 104.1 137.3 210.2 0.653 0.0101
K2AL(SO00s 1.5 156.2 57.4 71.0 0.808 0.0105
Av. 0.01013:0.0003

* 1% error of the nine tenths error
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Table 3. The fraction of the maximum activity and the mass absorption coefficient of beta activity in soils

parent material aft_ivity, cpm* ttl}fe frr:af)tclionrllu;f mass absorption
of soil A A activity coefficient (cm?/mg)
- (A/A.)
granite 33.0 57.4 0.575 0.0101
gabbro 22.1 39.0 0.566 0.0098
diorite 25.0 42.0 0.595 0.0107
porphyry 26.5 46.0 0.576 0.0101
basalt 22.8 41.2 0.555 0.0096
porphyrite 28.0 49.6 0.564 0.0008
Silla series 24.0 41.0 0.585 0.0104
schist 34.9 59.9 0.584 0.0103
gneiss 31.9 56.6 0.563 0.0098
lime stone 28.2 50.8 0.557 0.0096
tuff 27.9 47.5 0.588 0.0105
Av. 0.01000.0003

* 1% error of the nine tenths error

Table 4. Mass absorption coefficients of beta emitters

mass absorption coefficient i
nuclide Emax (Mev) difference (%)
observed calculated*®
45Ca 0.254 0.117 0.120 2.5
36C1 0.714 0.026 0.027 3.7
4K 1.33 0.010 0.010 0
a2p 1.70 0.008 0.008 0
2K 3.5 0.003 | 0.003 0

* Gleason’s equation (#=0.017,Emax14%)

Table 5. Comparison of potassium contents with ¥K and flame method

Sample plant (%) I Sample Soil (%) Sample Clay (%)

No. 40K ) flame ’ No. 9K flame | No. WK flame
1 2.0 1.9 11 3.0 3.1 21 2.5 2.5
2 2.0 2.1 12 3.0 2.9 22 2.7 2.4
3 1.5 1.5 13 4.1 4.1 23 2.5 2.3
4 1.9 2.0 14 2.7 2.6 24 2.6 2.5
5 1.2 1.2 15 2.3 2.3 25 2.6 2.4
6 1.7 1.8 16 3.7 3.5 26 1.8 1.8
7 1.9 1.9 17 2.8 3.0 27 2.0 1.9
8 1.8 2.1 18 4.9 5.2 28 2.9 2.8
9 2.5 2.6 19 4.0 4.2 29 2.7 2.9
10 1.8 1.8 20 2.2 2.2 30 2.9 2.9




Table 6. Accuracy of ¥K radiometric method

% K
Salt difference CV. (%)
theoretical observed . C
KCl 52.44 52.4 —0.04 0.07
K,S0O, 44.87 44.5 —0.37 0.83
KNO; 38.67 38.7 +0.03 0.07
K.Cr0r 26.57 26.4 —0.17 0.64
K2Al:(S00). 8.24 8.4 +0.16 1.90
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Table 7. Potassium content, clay composition, and K release constant
Somple | ocation| s0il | parent | K. | Ke flayisl TGP | mica K relesseye g,
no. symbol | material | (%) {(ppm) @ 7. 2A’ 1oA ’14 sA| 5 | (minD|
1 |7 #|Fma | gneiss 3.2l 70l 41 52 3 17 1.3 o0.96 22
4 |$ #&| Apa | granite 3.1 65| 30.00 46 31 23 9.3 0.9 21
5 |® 7# | Apa | granite 3.6/ 90| 24.20 311 36 33 87 0.8 25
12 |$# HE | Anb | schist 3.00 51| 2.5 38 28 34 0.7 0.57] 17
13 (@ B | Afb | granite 351 70 3.8 40, 33 277 1.2 0.73 20
14 | #}o58 | Apa | porphyry| 2.8 42| 9.0 30| 26 44/ 2.3 0.55 15
15 |#% #& | Apa |granite | 3.0l 45 15.1 38| 28 34| 4.2l 0.61 15
18 |E M| Fmc gneiss 2.5 35| 6.8 38 17 450 1.1 0.65 . 14
25 |z | Anb |porphyry| 3.0 54| 11.8 44| 290 27 3.4 0.89 18
27 | & %! Apa | gneiss 3.3 76 2.3 471 31 22 0.7 0.98 23
28 |% JI|Apa [ShAC& |39 128 480 40 4y 19 19.7] 1.3 33
32 |8 | Apc | granite 3.3 92| 20.2] 46| 32| 22 6.4 1.04 28
33 (4 % | Fma granite 2.9 55| 20.4 46 25 29 5.1 0.76] 19
36 |4 B | Rad | granite 3.3 86 13.5 44 33 23 4.4 0.92) - 26
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1
. |

40 | & | Rxa granite 3.2 83 13.4 45 32 231 4.3 0.94| 26
46" | B M | Apa granite 3.0 75[ 19.7) 57 29 14/ 5.7 1.20] 25
58 2 4 | Rvd bﬁs‘iﬂt& 2.3 79 52.0 30 42 28 21.8 1.300 34
- shale
101 | 48 %2 | Apa sand stone 2.8 45 15.5 38 26 36 4.0 0.62| 16
108 |t M | Ana granite 2.9 61 18.9 42 28 30 5.3 0.91 21
109 | Ff1 JE | Anb tuff 3.6 86 11.1 37 37 26 4.1 1.060 24
110 | & ® |Apb | gneiss | 2.7 46 16.51 56 26 18 4.3 0.68 17
113 | F | Apa porphyry 3.6/ 101; 17.0 42 36 22 6.1 0.97 28
Table 8. Correlations between K release characteristics and soil clays
- . regression .
cm;:elatlon memb;r nusmagegleof o efﬁrcient significancy 22%2??3?11
mica content | K release . —
mica £ s 22 0.738 ¥o% | Y=—10.24+18.00X
mica content K release o —
i ey P 22 0.781 %% | Y=13.69+19.67X
14.5A mineral | K release _ _
in clay P 22 0.718 MoK | Y=50.02—26.16X
¥ @ significant at 1% level

MELS e EHE EES 14.5A g SR
=< MR MR AT (G 8) T ER AR BE
FE MBS HE EHE A

ZE} 14.5A g9 B mE B St
= e ez g,

3. el mE B BT k2 mE Rk

2854 BRAA R KB ABEREN M
B RigEst KSR KR e BE LR hE
BB W HRE % o A

KA E 2WEEL 8OF LEdA A% K

Table 8. Amount of K uptake by rice and variation of K contents in soils

July 19 Aug. 20
location @ le—moooooo
| K.kg/10a | Kex(ppm)| Kt (%) K,kg/l0a | Kex(ppm)| Kt (%)
& | 38xL1 30 2.6 13.240.9 9 2.5
=) Vel ; 6.240.7 21 3.3 10.3+1.2 59 3.4
Sept. 9 Sept. 28
locatmn
K,kg/10a 1 Kex(ppm)l Kt (%) K,kg/10a I Kex(ppm)J Kt (%)
% 17.0+1.6 100 2.6 19.240.2 | 93 2.4
5 bl 17.7+1.9 91 3.5 17.9+1.2 [ 80 3.3

7t 17.9 kg/10a 919 fbsl &% LA A%
KiSE 19.2 kg/l0a o] g v},

KES &E EEE % el B R FE
L F R =59 7H 19Bd REZ BOE A
7t HikE EfEsEd 2% L@dAE 8K 208
S B RES MRl tiFd = an Ly
g B BiE 2% 4 2o &4 98 98
28 Atk

EEe] B B T

BEE 2% 5]

A 7Y 96 ppm (8/20~9/28) A3 EE i 4
F45 85 ppm (9/9~9/28)°] 9=t

T 2B AR &% LiEd T 2.5%,
BA dufol 88 3.4% Ak ohe o] & L) $#
g oRme] B gk S, JEEH: mBY BikE
9 B MR EE RES HEs g g EE 10).

KEEe JEEHME WEY RKELS 24 f#Ed
A A K mE & RkEY 65%, BF 4
el A A=k KBS 64% 9t
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Table 10. K uptake and release characteristics in soils

t of
location amount of K uptake, kg/10a K absorption | K recovery rate Izoflt:lt:;ste
total l Knonex™* ' Kex rate,kg/10a/day]  ppm/day min-1
7 19.240.2 12.6 6.6 0.21 0.22 1.05
B & 17.941.2 11.4 6.5 0.16 0.10 0.42

* Knonex=Kt—Kex

AigEsel 3 MBS HE BkEE 10ad HEH
o] 7H 19H%YE 98 28 AAA 71H %4 %
B 1EANE 0.21 kgo] 42 AR LEBAA:
0.16 kg o] 4+t

Btk mEs REER ELEYE 7H 1984
BB 1B 6 @AM HEBADST o5gd |
#HE Bk mEY BES BEoR R R
W 28 LM AL 0.22 ppmo] §3 EFE Ll
A% 0.10 ppmo] %t

V. % =

1. “K e FIAE 2mEe R

HEY YK g HENoE FHWSS Kald
AH GMEEES Bestds, EEEF (ofinitely
thickness layer) 3¥l& Briquetteftdto] FHBIZES
Bim st ed, FHE #ES ®nAs s Rt
e RES BRE 0.5mm AR FEAAA F
st et

WK BEFEHNE dY 7t BB B PE
< HE (E D F 2otz BE 50mm A¥ GM

HEBEo 2 i MESE A
Z 3kt

GMEtE o2 YK gie HHT= i
o &FEYE YKLt & HEHE BiEY
plsitee] MBI Al n K43 B A
S pHEtEEe] YK o) pgutel Bk AUAANE HE
et of get.

—BRye ® Mt BES FAwsitds R
Spectrometer 2 B #9] energy & HiEstoiok
Ed FEE Rk RV HE Rk FREE W
o] MEHeE k.

BAk RE fiEEess ¢9% Wk FIA
3£ Feather: %" u] F3ta] olg] Jjko]46,550
Aot ©K o plgtage] thEololA YK & AE
7 BAAE BESHA & Ao

welA FEE YK o g At ko=
BiRS fafn Hegite By FANAS. F pRY
BE Bk B0 g gD BUHEEK A/A.
98 @ORe2 Rydd.

A/A.=1—e™

0 HhERe) A3

@

Table 11. Radioactivity of natural radionuclides in socils

s g lide content o
. . decay constant activtiy nuchc . total activtly
nuclide half life (year) (sec™D) (upici/ ) ( ;g/zl)l (upci/gr soiD)
2887 4.51 x10° 4.87x10718 33.28 1 33.2
282Th 1.41x 10 1.55%x 10718 10.89 6 65.3
0K 1.3x10°% 1.69x 107V 6874.10 1.6 10998.5
87Rb 4.7% 1010 4.67x17°10 8.73 17 148.4

At famsA e ol FA tol dolAg B
B, AT H0R0 FHBE, 2% FRY energy ol
del —Ed pHEE BE Bk Kot @
xe 24 24 @R 47, &

7 = (-4/4D ©)

Wb B A ¢ o fFn RATEERE
£ REF A
olgtgolste] K 9 s HE Wk At R

g 9

Hel BE Rk FEE HEHE SR £33 2
o] i HE Wk HEE YK 3Fd —FHA
&, & 48 e pHgES 2T o YK 9 8
el ERA Ade HETF AAT

Altimov,? Glaser9]® 4o k3l 44 Rk
o BHgEES 2 YKo BRI . &
060 19684£ 1 -2]vie} & 38 (o9 35H
BIEgDS Ko Rk pEERES SR
R 93%LL Lol YKol kFAYE #mEFA,

o
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15, fedpigd aFE de YKt gt
t WH 4 T4 YK pigde JEstEs &
BESY SHId )% BE Nz EEIE 2
EEHAA o] £BAI =3t BRAA HFEST
E ol E B WES B ke A2 94 ¥
ohisl ol &) S BRI Bk A B B
o) BT YK uke ol B SHEE I A=
A= 2 pHGHEES HIESH] YK o HhteEe &
oF A4k & i el WU, % Th, “K, “Rb
9 B Wl % 119 column 59 724 o]
FEE JMA R o) HugHE B BAHES R
sted Bel 3 119 column 63 o] YK 9 &
£ ®The ¥Rbuch Hot YKo Riieee
L8 1gr % 10998 puciQle] Hdle) 28U, 22Th,
Rb¢ EF o AFcAE B 247 ppci 2A
K 9] Hrgthge] 44 £t sk WA YK 9 K
sH8Eate FHEISHs) Bshe] U, 2Th, ¥Rb 9
S A% Hatees 1/100 2 WmEdce 4
WK & 109 puci 715 ] 28U, 22Th, Rb-2 &3
A 2.4 puci 2 FAORA. JHE B REE 1 cpm
o] 5.3ppcidl HEFE GM FEEo= FHUT
AgdlE K plgiEEste] W= oA U,
#2Th, ¥Rb & R FEF=AE BhsEel B
Eol7] W Ee BHTF det. ool B #
fEo2 YK Dt S BElcste] welg K 4
Bmare JiEstA A9, 28 v HRE Biste
Aol obvlat M-S FERSE MR Fakd 2 A
5 ftdstA dAeld. F A4dfE BHEAY
fEphe s IR(bsh Bt el BmE e Bl
ke BEstd oz G Rke e oekd
o] HRFl HIENE WEP A HEH YKo 1K
ghggato] HWaltt e BAE ARBIA FER FAY
o, = ol del EE Hhk B BB Fekol®
=71 g BES HisAd piRel energy wt
stz YK 9 f# (1.33 Mev) & A 73
Ha) Rb = “K piRel # 1/3 Bl AviA &
=&

AEBAA FRE KB GMHHEY ERA
(2.6 mg/cm?) EHBREE Mug Roz¥ FHEs
Bul 9K & 96%<ld ttal PRb & 73%e] g
=

287, 22Th & BIRS HE HilistA gz o
jighel B HcETEAE 01 901 E sht Tk B
o Mgl BWItmE HIE WS H4 gea.

059 o] FEE Eel¥ (7.8x107%r Th/gr

soil) s} & $-2}F (1.3x107%er U/gr Soi) & &
pnstel L1 dhel YK g JIE Fol o) & A
Y WEtslel B #E o BEY BEdAT
olnd e A vtz @EINAHS. HEE
438 dre] 28U, ThigEE 10 ppm LITE 49
Z% gl‘-jr.SS)

W SE BRY elE YKo g energy S}
H] _;’\;ﬂ. BQSr, 1331’ 1351’ 143(:8, 140La %o] gl'o_l,}_ 0]%
e 4y (6hrs.~50d), HmEkEe] A
A W B BifES) HugHE HH KA E “K B
@ hplel glol RIS S1A grodleh AR

©OK FHEle) QAT ERA KT HEL BRI
&, MIHE ER s planchete of K #El, ER
9 BRI £ BE Bk S9 BELS EEE
e HEE ERTS 9E A #FEA YK
BRe FgE WiEo® YK pHEAE RTHA
Gleason &) p HiEEzs HERAA HEI}L Y€ K
I, @ MERTE ZWsz (D9 K3t iR
4 et

D(dpm)=#n/G fca @

D MK o) g, » HEE, GE M
s, fo = HO Bk ME BTFole. YKo g
A B B HHRE R DT ERN @
Fo 2 kajEul 29.3 dps,f /er KHeh. olghe
e RS 9E Suttle 299 zkql 29.6dps,
g /grK o —3E

WK e FifE AiEd K3 mE EEEY E
Weps (R 6)SF EEEE (% 2,3 BT B8Xs
Wit FEEA o —R BEEA A ©K gk
g B EEel BT welAl e fHiAe] QA wt
= FEEE A

RS BHE RS} BRWIE S FE Bl et
A RS £Es BEsed ARE E
e 24 SR (fE 49 2ae 5 EEE
e Aol (HE5) BEAI. wekd BE &
B Bl = SART EHCl 5@ BE Fehd BR
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#e}.

WK o pipe FIAY mE EEkY WR F
e 8 SEG s wel B amEts
10% (1~5% K), TPBko|® 11% (4.3~T. 3% K)
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_Fig 3. K release characteristics of soils
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Table 12. Correlations between Kex/K. and K release factors

C;rrelation meml;;r nusrgrl;:agleof Eziraﬁgi;)n Eggﬁ}siség? significancy
clay content in soil Kex/K: 22 Y=-18.714+1.63X 0.716 DAY
mica content in soil Kex/K: 22 Y=—10.6+0.74X 0.769 K
mica content in clay Kex/K: 22 Y=11.86+0.87X 0.878 PP
14.5A content in clay Kes/K: 22 Y=47.85~0.95X 0.661 K
K release constant  Kex/K: 22 Y =0.10+0.03X 0.909 PP
amount of K uptake Kex/K: 30 Y =3.55+0.52X 0.969 P d

** significant at 1% level
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Fig. 4 The relation between Kex/K: and amount
~ of K uptake
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B wESL @OHAAST BEEE HEES IR
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R T AN frss) mE RikES =
B B BH EE 2d 28RS AT
Ke:/Ke s MWE KH S, #tshe ZE,
14.58 g 48, +@bs Hi) BERAE D
AfEY & 4F BUHN mE BRKES Jod 2
ol BmEY HH MM g F ‘
D mE BHE FH, Y=0.10+0.035 X
(2) ¥itrhe ER &8, Y=10.34+0.898 X
(3) #hitesl 14.5A gty &8, Y=47.85+0.
948 X :
(4) tigrhe K+ 58, Y=-18.71+1.628X
(5) L#irhe] EREE, Y=-10.6540.740 X
(6) Ko B BkE, Y=3.55+0.522 X
{8 X=K.x/K:

Kez/K: & RIS 7 L380 LRI FR 9 B
MA mBe g FEE RET £FR= R 13
3 7o)l ZRMAE Lol Jb3 2z Wi BR w
Lot 714 A, & 2 EfrE Rvd>Rad>Apa

Table 13. Potassium supplying power of paddy soils.

o amount of K o
Soil type |Kes/K: area(ﬁg ered Iﬁ dg)y tgéili ta}l;:learr\l t:? lls{yg ;i]c: nlf :tr;?:l Kex/K: lﬁ&oaﬁggila{
Rvd 31 6,260 0.5 190.0 basalt 31 2.3
Rad 24 970 0.1 — Silla series 26 15.7
Apa 21 243,680 18.8 128.7 granite 21 31.1
Anb 20 107,545 8.3 118.3 porphyry 21 4.5
Afb 20 69,120 5.3 116.8 gneiss 17 26.1
Fma 16 170, 205 13.1 110.3 -

* The native potassium supplying power of soils; calculated from the Office of Rural Development

data
** estimated.
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Appendix 1. Potassium release rate of soils (ppm/min)

2Kk mE 48 (%) =R ke s HEE
(MK o g x Wbl B

(B Wl s=52. 4/KCl ofnsH i (K ¢ g &)
52.4: KCl9 mHE &8

Sample Shaking time (min) K releasel Sample ‘ Shaking time (min) K release
no. cons‘tant no. cons:ta_nt
05 | 1 |3 | 6 | mnt | 05 | 1] 3| 6 |min?
1 119 74 11 0.6 0.96 32 127 76 9 0.4 1.04
78 50 8 0.5 0.91 33 94 64 14 1.4 0.76
5 | 30 20 4 0.3 0.82 36 51 32 5 0.3 0.92
12 111 84 26 4.8 0.57 40 102 64 10 0.6 0.94
13 26 18 4 0.4 0.73 46 91 50 4 0.0 1.20
14 45 34 11 2.2 0.55 58 65 34 2 0.0 1.30
15 27 2 6 0.61 101 166 122 35 5.4 0.62
18 38 28 7 1.0 0.65 108 79 50 8 0.5 0.91
25 34 22 4 0.2 0.89 109 44 26 3 0.0 1.06
27 19 12 2 0.0 0.98 110 76 54 14 1.8 0.68
28 54 28 2 0.0 1.32 113 29 18 2 0.0 0.97
Appendix 2. Reproducibility of K radiometric method
% X S.D. S | %K S.D. Oy ‘t % K ’ S.D. %
3.0 0.1580 5.2 10.0 0.1930 1.9 52.4 | 0.040 0.1
2.8 0.1414 5.0 8.2 0.1600 1.9 44.8 0.370 0.8
2.4 0.1580 6.5 5.6 0.1448 2.6 38.6 0.486 1.2
2.2 0.1870 8.5 5.3 0.2000 3.8 28.7 0.387 1.3
1.8 0.2141 11.9 5.1 0.1522 2.9 26.4 0.170 0.6
1.5 0.1223 8.2 4.7 0.3545 7.5
1.3 0.1414 10.1 4.4 0.1048 2.4
1.0 0.1000 11.1 4.2 0. 3000 7.1
1-3% | 8.3 |4-10% | 3.7 | 26-52% | 08
Appendix 3. Comparison of precision with 4K and flame method
% K unbiased variance \ F test number of
Sample no. determin-
flame 4K flame l 40K \ Fo ’ F 1 ation
1 1.8 1.9 0.007 0.018 2.57 3.18 10
2 2.1 2.0 0.014 0.033 2.36 3.18 10
3 1.7 1.7 0.007 0.018 2.57 3.18 10
4 1.5 1.6 0.008 0.013 2.25 3.18 10
5 1.5 2.1 0.012 0.045 3.75 4.28 7
6 2.0 2.2 0.041 0.035 1.17 4.28 7
7 1.5 1.8 0.015 0.071 3.13 4.28 7
8 3.0 2.9 0.005 0.045 9.00 19.0 3
9 3.3 3.5 0.005 0.050 10.00 19.0 3
10 4.1 4.2 0.020 0.030 1.50 19.0 3

Fo=Vs/Va, Va<Vs; V: unbiased variance; A,B: analytical method; F(¢s,$a;e/2); ¢=n—1
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Appendix 4. Comparison of precision and difference of potassium

contents with different counting time

Sample Counting time, min F test t test
%) 2 5 10 | 3 | 60 Fo F to t
KCl 52.3 52.4  2.89  6.39] 0.2000 2.306
KCl 52.1 52,2 1.97 6.4 0.287] 2.447
KCl 52.8) 52.5 0.08  4.46) 0.932] 2.228
Plant 2.9 2.6 1.46| 3.86| 1.795 2.179
Clay(#1) 2.8 2.9 4.33  9.55 0.490] 2.571
Clay(#2) 2.2 2.3 6.00 19.00 0.950| 2.776
Clay(#3) 2.4 2.5 5.60, 6.94] 0.550| 2,447
Clay(#4) 2.4 2.5 1.07|  5.05| 0.467) 2.228
Clay(#5) 3.0 3.3 1.85| 3.86] 1.100 2.179

Appendix 5. Comparison of precision and difference of potassium contents

with different number of counting

Sample number of counting F test t test
%) 3 | 7 | 8 | 0| B Fo F to t
Std-1 3.1 3.3 1.800 5.14| 1.154| 2.306
KNO; 38.8 38.5| 2.470 3.95 1.080] 2.160
K2AL(S0.), 8.0 8.1 1.86 3.98 0.380] 2.160
Caly 3.3 3.0 1.80  4.26) 0.980 2.201
Plant(# 1) 2.0 1.9 2.04  4.26] 0.707] 2.201
Plant(#2) 1.9 1.7 1.43]  4.74f 1.490, 2.262
Plant(#3) 1.8 1.7 1.14)  4.26/ 0.550, 2.201
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