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Optimization of total soil phosphorus determination by sodium hydroxide fusion method

LI Xiaohan, DONG Zhaoyun, HUI Xiaoli, PENG Lanfang, ZUO Yuping, LIU Jinshan, WANG Zhaohui’

(College of Natural Resources and Environment, Northwest A&F University/Key Laboratory of Plant Nutrition and Agro—environment in
Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract : Foroptimizing the method of soil alkali fusion and its total phosphorus (TP) content, and increasing the efficiency and accuracy
of TP measurement, this study focuses on the effects of the alkali fusion temperature, acids of the dissolving solution, and acidity of the
reagents used in colorimetric analysis with seven soils samples collected from different regions of China. The differences in the results from
different measuring instruments|continuous flow analyzer(AA3,) and inductively coupled plasma mass spectrometer (ICP-OES)] were also
compared. The results showed that TP could be melted completely when the sodium hydroxide temperature reached 450 °C, and therefore
did not need to be increased to 720 “C. Both hydrochloric acid and sulfuric acid had good solubility for molten soil samples. The results of
samples dissolved in different acids changed according to the determination instruments. Samples dissolved in sulfuric acid were more
suitable for AA3, while those dissolved in hydrochloric acid were more suitable for ICP-OES. In addition, the chromogenic results were
more stable when the acidity of the coloring reagent was controlled between 0.53 mol+L™" to 0.59 mol - L.
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7L D e e S S R = S

- 4 A I 2L R TP T A T A TR T A
B o BRI R A R L v R A RV A 1Y
ANBETE I A TR A RBE , LA LM IR A soa
I TR A e O B L B P (W RE R R, AH
Xt TR, Bl v DR i st I 3P A IR AR
W7 F AR R AN A5 R (850 °C) , TH iR % #E 900~
920 CHM T A RETE M, Il . &4 LA
S PR A R T P R R R R, A
ACAR I A5, DR BB R e 52 B - 498 4 B e 4 B 1y U !
TR 3z M SR, A B SE 560 e & o
AN Rl P AR, DU OC T Al il B L i
T 3 s i R P e 3k i 1) e R T 2ok T B[]
XoF AN RS Wt 6 T %) B A o ORI o B X 3 2B (]
FOL, ASHIF 5% 2R 45 TR [ AS ] i [X f 1 A B TR ABFSE
TEE AR B E - S BT R 0 A SR AR X
Fo T B SO I A R 22 5, DL Al 1
AT R vk AR v I EORS HE B AR 5 £ TRk b
R PR P

1 #R5FE

1.1 TEHRRESELERS

AR AR 7 KA H 0~20 em 182 1315
(F 1), HHERES XT3 20 H AT 100 H 6 45
FEAR B E o 33 M R I AE 1k (HT 1068—2019)
DE , pHAE R FH A 2005, A8 HL ST R FH 2 % TR 4
(HRBLIR ) A AL - AN NI o | SUSUR (S A A+ A
RO K1 mol - L™ KCIR -3 8h 43 B A3 5, 3o 34
K H 0.5 mol - L' NaHCOs ¥ VR 12 $ - SH B bt Lb € 150
FE L AU SR 1 mol - L NHLOAc $2 B -k M6 1
AE .
1.2 XWAH*E
1.2.1 H IR AW 25

T 5 Z— K43 0 FR B 7 1 48 (0.250 0+
0.0009) g, BB, 5IREL . #F- L EINA 3~5
07K LT, FR 2.00 ¢ SRS T 118 B R
HA Ey 3 WL T3 400 CI£45 30 min, 5 TH 21X
B (U 1.2.2) , AR SO/ FF 15 min, ¥ EIELH , ITA
10 mL 2% & /K i B 2 %5 8 2 50 mL 25 10, P
25 mL 25 & FKIE IR LI 7% A — 2 IR TR IR
(W 1.2.3))5 , BB 12 S A5 S B 2 R b A A 90
SHERIKER . #5015 2 S Ug At g  UE AR &
Fo DU FRIA R HUREER 4 0.1 mol - L7
1.2.2 B IR

BEE 4 B R EE , 53 024 450,550,650 “CF
750 Co TR LFE, BFP L FESFR 2003, B S5 00—
1.2.3 MR AT 5 R

PR B RIS AT 30, 43 ) Ry v A 2 L W A 7 A vl
7 S = S5 e = N R B i T e

F1 T EENERELER

Table 1 Basic physical and chemical properties of seven soils sampled

S5 REMS LERW T PR AR AL A
Number  Sampling site Soil type Testure pH Organic rr}lsttter/ Available 1N/ AvallabliP/ Available lK/
(g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)

1 AR e by /NS e 1 5.1 17.0 14.0 48.5 70.6

2 TSR 4 B+ 5.8 22.6 15.0 60.4 117.4

3 IRV SR B e+ 6.6 48.5 1222 50.1 296.7

4 =R sEt Hemgh+ 7.9 31.1 36.6 26.0 175.7

5 WAL & i+ b gk 1 8.2 24.8 22.9 86.9 302.0

6 B R L A5+ g+ 8.2 19.4 36.7 67.7 2242

7 B vt 535 - Wb R+ 8.4 18.2 13.7 129.0 465.4
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i, B S A AR — PR, W B R 1.53 mL. e fi§ IR
3.43 mL fk#hR 4.72 mL,
1.2.4 B EFRIRE R E

BEE 10 00 T e R 8 1o b 63 5] R
PRI, R 2l (AW RR FE 3 ) O 0.24.0.30.,0.36,
0.42.0.47.0.53.0.59.0.65.0.70 .0.76 mol - L',
1.2.5 TR A il 25

il A8 4 0 H IR — 2 My A RS Ay
BT AN 5, br v v RO MR B 23 3 0.1.2.3.4.5..6.
8.10 mg- L5 53 &h— 153 F R Sl /K 5 B 10 75 LB AR 2
PR, R 5 45 B OISO 2 |, Bn HE VA TR
WMk 43514 0.0.1,0.2,0.4 0.6 .0.8 . 1.0 mg-L.",
1.3 UERITIEEME

F B 5 55 B T RO 15 (ICP-OES, 72 [H , AR-
COS) : CCD ;I #% , A2 1 0.75 m, Y63 5 [ 4 130~
770 nm , HELR TAESMFEILRE 2,

&2 ICP-OES TIE&MH
Table 2 Working conditions of the ICP-OES

T sh o BT A (AA3, fl [, SEAL) : & 1% K 660
nm , PEFE R R B/ N 50N HERE IR E=5 11
L4 St o

K JH Excel 2010 F1 SPSS Statistics 19.0 % 32t 5 %
P4 A FRFNGE T 230 Hr L >R FH Excel 2010 AR 4.2.1 1
ggplot2 2B 2 H & F, K Adobe Hlustrator 2020
AT A HE 5 4, FH Duncan 35 %5 AS [5] A0 JH A4 %%
PEHEAT 22 5 B EVER B (n=5, P<0.05 7 &b P 8] 2%
SRE).

2 ZER58

2.1 BRREMRK

B 7 R 3243 I TE 450,550,650 CHI 750 CEAF
FFS IR A . R (E D) BR 450 Che it
AT A T e AR B 750 CRIUE LI INS
44l R 2 Y 10.629%~20.90%., AT UL, 3R
JEE 1 A5 A ) BB T, SR FH 450 “CHs - S BV T

SRR B B TS A RO o i S ) R
B E WP S A R Ok o AR SR AL AN I il -

M Parameter BLE (A Set value S, B R R RE B RCOEAR AR KT A5 R 10
LI 1250w mint", B T 30 B R L YL F AR 7 B
EETRE 3 Lemin™ SUURRN s, s TN 5
fgjz; i e HE ABERIIE BRI BRI ) (1) 632—
UL 4*min . N 5 N .
T 00 Lo 2011) Hh SR A THE 2 640 CIH-LRHF 15 min,
Sy KT 15 mm (h AT E 1) (NY/T 88— 1988 ) I J2: L5 1% Be
i 3 2 D) E 720 CHAREF 15 mine Ny TG ASE 4, B
Feh TR 1.5 mL+min" FiT i >R 2 o 7 THL 2 720 CHER
L o5 AL BN 5N 325 °CL B IR B N, S 4A Ak
— L. k BRI IS . TR T 420 TR
W T A VR S 5 Y= N
P = 15 min, SR J5 FEFHIEL 720 °C1, (0 23 i 25 25 TR
T 2 @asoc @ssoc @650 C [750 C aaa
\if 20} b
GF Lsl
oy aab abp
<4 B aba b ¢ c
w= 1.0r a . b c
'Hé ab a b < d aab C
;f’ 0 1 2 3 4 5 6 7

A 3ERE I 2% 5 Number of soil sample

P A )N R B[R] — e by A AN TR IELEE 48 Rl G A 5 R A1 A7 A SB35 22 57 (P<0.05)

Different lowercase letters in the figure indicate that there are significant differences between the results of melting determination of the same sample at
different temperatures ( P<0.05).

B RRAREEEETNEN L HEHAEE

Figure 1 Soil total phosphorus contents measured at different melting temperatures
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F 550,650 C Lo ¥k 58 2 Wik, HA TE IR B T 3
750 CH, Bdda i - 8 2 1 A R B IR % (0 K 58
4>, Carter AN, 4R 5T 400 CHY23 5 | EBEE & 91
SR H B R EE RGN, R BN R . X R RE AR A
FE R R IR 750 CHIHE B A5 %) 1398 4l 7 i fe (IR A i
R PR, FH SR A A fal SR L TR 31 450 “CRP
Al SR AR TR H RS T R . A
450 CHYBARILIEE T 3531 [RIAE A 4 Rl 3R P 4 g 2 3
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22 BREETIENERERAK

A PG R | £R 2 FR R 175 ik oy ARE b, O
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WE . Z5 SRR L EENER, 1~6-5 1 e BRI i
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FF A R FR o i 2 Wi 7K DUE |, 28 0 8 5 R T
PO, P IEAT LI L A RE A R B Eh R R A T
i , AN e T8 I 2 [ A A TE BRI B L 1 R 5 BB
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{HL G T 5 ik 97 - B8 BT TR A 288, 53 AP ]
REF R IR , S BE H H A PR AR #E , H i - B {42 3]
TR o

AT FE ] Vs A o v - 558 e Py 218 78 3 R
AN RIS, L 300 I T P R R SR FH A PR
BACRAT | PO v 0 5 A T o ) T R PR AR
AL BRIEANIR], MR G B2 | b B S SR 9K T 45
WA B/NRTEE L KRR T, AR TR
W55 AE FEAR 5 TR R AR B i I I 178 A2 i ok
T FZE R, S LARPERFIN 3T 155 - A A 5 U
FE PG 0 2 B PSR FR SR AT . 3 A, Fh iR AL
BRI M, St s € VR PR B AR 5 T PR
AN S R A S el AR TP AR AR E -
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VedlllE7 % St 25 42 558 8 Hf
~ 307 ‘
P (a) (a7
i:/p 251 qaa
1 4\5 ” =T
0= 201
& §
-
% £ L5 a
iiwso a bb abb
DT o100t bb
H &
= abb ay
— ap C
=]
7 0 1 2 3 4 5 6 7
R A S5 Number of soil sample
:\ 3'0 i [T
F (b) ik
o 251 g%
=
ﬂi £ 20f b
£z ost
5 a,a q @
g =b= ral
7] - apa = ==
1.0 apad
H 8 a.a a
<= a == aaI
;: o5k abb? T
z0
Z 0
& 1 2 3 4 5 6 7

TIEAE N 25 Number of soil sample
[ %iER Sulfuric acid [ fi§#& Nitric acid [ #£ R Hydrochloric acid

P AN TR/ INE SRR3R AR TRDRE b AN [ D S R s i sk SR FH ] — S
DNE W25 R B AFAE 135 22 5 (P<0.05) o
Different lowercase letters in the figure indicate that there are significant
differences between the results of different acid dissolution of the same

sample determined by the same instrument(P<0.05).

2 3MBRABHNIEFRARRMENENEHEE
Figure 2 Soil total phosphorus contents measured with different

instruments for samples melted with three melting acids

23 BMtteadEh R e RRENRK

SR B 0.24~0.76 mol - L7110 4 5 €495 U R
HEAT E e , 25 1 BoR | A — 3 e A R] 2 6o T R
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S0 W R E 7E 0.53~0.59 mol - L7, 2 5 +FE7E 0.42~
0.59 mol - L', 3 5 L FE7E 0.47~0.65 mol - ™', 4 5+ ff
1£0.42~0.59 mol - L', 5 5 +#£7E 0.36~0.65 mol - L', 6
5 FEAE 0.42~0.65 mol - L', 7 5 + FE 7E 0.42~0.65
mol « L™ Y15 [l A B, 4% 1R B2 =2 R 7 485 SR e e HL 25 5+
ANERFE. TR ZE R BN, BERAE0.53 mol - L
F10.59 mol - LB, 22 1) 2 & = A B E .
A RS 0 7 Fh A S S AR BRI i i FEAN [RIBR 2
B 1 1 25 R 5 BRI il O I v 4 SR AT A
R (E13) : 25 8 AR 4 0.53 mol - L™ #10.59 mol -
LB, 1~6 5 - 38 Lb 72 0 1 45 2R 35 5 06 il
RICRFE R ARRE S 75 T AENE R
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The box diagram shows the results determined by colorimetric method , and the dotted line shows the results determined by spectral method. The shaded part

indicates that the total phosphorus content of each sample has no significant difference between different acidity (P>0.05).
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Figure 3 Relationship between soil total phosphorus contents and the colorimetric solution acidity

SERI 2 S TR E 45 R IR AE 0.53 mol - L™
F110.59 mol - L™ By, PRy 5l o 11%) 2 St T 4 /N 1 HAth
FREE XV RES 75 HIEAEE S B E A L. Xk
T R H A I, NS s DR
FERRBAPT L 3k b, R DUV T P () B IR 6 A0 EH
IR IRIRAL B AL (10 12-BREHER", 7T F T

R 1)-HRE E  BA B) T
s e B B, 7 AR R (V) BE TS TR IR iR
A, (R VP R A A SR L 6 RO
. RTRBOBIRE , Going FHEIAIREE A 0.11~
0.99 mol - L™, ] - HLI™HEYE 4 0.35~0.55 mol - L™, 55 K
PN K 0.45~0.65 mol - L 48 436 , Drummond 251
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