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for assessing soil fertility and ecological environment and for directing fertilizer recommendation. In this
paper, the contents of NH; -N, NO; -N in soil were determined through a microplate reader with
indophenol-blue spectrophotometry and barium sulfate reduction method, respectively. We selected 30 soil
samples for determination and compared with that of AA3 in order to establish method for soil inorganic
nitrogen determination. The results of NH; -N and NO; -N determined by the microplate reader and the
continuous flow analyzer were compared. Regression equation for NH;-N was established as Y
(Continuous flow analyzer- NH; -N) =0. 997 6X (Microplate reader-NH; -N) —0. 012 3 with correlation
coefficient R =0.961 9 (n =30, P<(0.01). Regression equation for NO; -N was Y (Continuous flow
analyzer-NOjs -N) =0. 959 3X (Microplate reader-NO; -N) +0. 021 9 with correlation coefficient R=0. 964
0(n =30,P<C0.01). The recovery rates of NH; -N and NO; -N concentrations measured by the microplate
reader were 96.2%—108% and 94.9%—110%, respectively. The relative standard deviation (RSD) of
proposed colorimetric method with microplate reader was less than 10% and 5% (n=6) for NH/ -N and
NO; N, respectively. The detection limits of NH, -N and NO; -N content by the microplate reader were
0.068 mg/L and 0.028 mg/L, respectively. It is suggested that microplate reader with colorimetric

method can be used for rapid analysis of ammonium and nitrate nitrogen content in soil extracts with high

accuracy and precision.
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S BN 3T (SEAL Analytical, Itd. 2A#]).
1.2 &7
1.2.1 WEA

AR HUS. 00 g MW AR T 300 mL X8 F
K, imA 0.25 ¢ N-(1-ZE %) 2 — i iR i
(C,wH,NH,CHCH,NH, - 2HCI, NEDD), 3} & &
¥5, A 50 mL BERR, B E A £ 500 mL, 77
Frram .

BRER B W : R 0.10 g K G MM ME T
60mLEBEFRKP, MABRE HBEE R
100 mL,3¥#%5],

PR BFIE W : FRER 1.00 g LKA MMRBW T
6OomLE B FRkS  WMHBRE KB EE R
100 mL,¥%45],

TR VS W (3.0 g/L): FREX 0.6 g Bi R JbF
(N H, « H;SO) %2 ¥ T 120 mL XK,
HA 2.8 mL GRS WA 2. 0 mL BRREHE W, £
BT KEARZE 200 mL, %A,

KEIVER - FREL 16.0 g KA BT
400 mL K H iR .

ZMYE W B 6. 0 mL BEMR T 400 mL KB F
K, imA 8.00 g T K ZBERR PPV R, 8B
FKERZE 2000 mL,IBEHS.,

FSER 43 i 4% % W (100 mg/L) : FREL 0.100 0 g
SRR T 600 mL o, KB F/KEAZE 1000 mL,
B’

1.2.2 &&FH

ZRCFIRR W GE LR 30 43 57 40 : FREL
4.00 g AL, 0.60 g — R & HIR R M
(C5CI:N;3NaO; , DIO A2 120 mL £8FK
L, ERZE 200 mL, RS,

IKAG RGN B W - BRI 8. 00 g KEGMRMIE AL
120 mL £ FAKH, A 0.20 g i E &, €43
200 mL,iB5] .

LRV PRI 10.0 g EEALHN, 7. 06 g £K
AHEMREA_M,31.8 g T AKEBRMETHA
600 mLEB FAF,MA 10 mL IREKRH, BEH
51, XZBFKEARZE 1000 mL,RBE.

EWMBE W (BN :10.0 g EBMBHETYH
600 mLEBF/KH, A 0.10 g f4X44, 3 PE 5 1%
BREAZE 1000 mL,BEH4.,

ZZPU W FRE 40 g IR R ANV T 600 mL
Ko, B4 ZE 1000 mL,iEB5,

S & %W (100 mg/L) : FREL 0.100 0 g

R T2 600 mL K8 Fok, BB M5 &
% 1000 mL,IBEHA].

RALHIR P - FRER 74. 55 g AL T 800 mL
EE K PR, €A E 1000 mL, RS,

S50 v R R B, TR AR S B AR A R
S FC i 2, 0 SRRk U6 B, BT AR 3 Sy 43 A i
1.2.3  ARER A

BeAS A bR ME W W 4 B & B 0, 0.10, 0. 20,
0.30,0.40.0.50 mL b e & W, AIKERZE
50.0 mL, B ¥& FF & 0. 0.20, 0.40, 0.60, 0. 80,
1. 00 mg/ LAY S EARHER K .

TEAS & b W W 40 50 & B 041,00, 2. 00,
3.00.4.00,5.00 mL IRl B, K ERE
50.0 mL, B ¥& B & 0. 2.00, 4.00, 6.00, 8.00,
10. 00 mg/LEIRE A BARHEA K o
1.3 XW@igit
1.3.1 L%

43 BIFREL 10. 0 g K + 38 F 500 mL E IR ez
WM, A 100 mL S4B ,200 r/min
1.3.2 47

B 6 4 R AR, S SC IO 2 A F] A IR SR AL 3
By H AR 4 VAT . B EEAR O AT AL
S THEARER 22, 23 07 B AR A0 B S A LIS A
TRMBEE.

1.3.3 Wiz

8 AA3 FESET 3 43 A AL 5E 55 36 4 R 1R TR
TSR HSRKE.

it A AN e AS LS i BURRINNR 100 pL A
50 pL ZZ AN 50 pL R AW LB AR 1 h
J& . 7E 625 nm K T W EBOLE .

Bl AR A A AS R A i BURF DU 40 pL WA
40 pL SEALNEE WA 40 oL B R JHE VA W, B O R
B EFEHR AR, KV 20 min J5, A 80 pL SZ iR M
40 pL W AFITE 550 nm P T E BCE

o 7 i 8 000 2 < 0 S 4 B R R i A 2
AN R 2 25 3R N b v I VR VA 28 R R 5 s ME VY

B E IR [l o s - BURF IR (6 41)50 pl =
By MRIKIMA 50 pL 0.20,0.40,0. 60 mg/L 4k
RN VL P Tl s S T

TS A b [l ol e - BURR I R (6 4)20 pL =
3 KM 20 L 2.00,4.00,6.00 mg/L MRS Z
RUBR VA W W OB BE . AR AR IR, 4 BT i
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Bt BRECH R 12 s HAH M E S5 R, 3 1%
25 bR U A 22 OV S o BR A T, 43T A S
EESR HERKHIR,

2 #REWe

2.1 EHRUENENRSENESERAETLE
;i3

E AR A A58 NH,; -N.NO; -N R 3l 45 v W
WG, 5k NHY -N.NO; -N ¥ W ¥R B 2 [7] 3F
A& BE , HI7EAr e #h 28, NH, -N bRl £ 5 #2
Y (SR = 0.351 6X (NH; -N ¥ BE) +0. 006
9,R*= 0.997 3, NO; -N R £k B Y (K%
)= 0.077 8X(NO; -N ¥ fF) —0.008 7,R* =
0.995 0, A 1 MA 2 Firm.

0.40
¥=0.351 6X+0.006 9

0.35F R?=0.997 3 -

'/
0.301 .
.«“f/
0.25F
. !
§ 0.20F y &
0.15}F /
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0.10+ /’f
0.05F ‘ o
/v‘" 1 I I 1 1
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E1 BRUENERSEMETERLE
Figure 1 Standard curve of NHf -N determined by the
proposed colorimetric method with a microplate reader.
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Figure 2 Standard curve of NO; -N determined by the

proposed colorimetric method with a microplate reader.

2.2 EEAROGEMIEERSRMBEEREN G AR HR

FIH 12 A~25 5 NHY-N # NO; -N % 45 3%
HWERAR 2,3 £5 45 FAR fE R 220 V8 A A s R A
E. RS REW, AR A4 NH -N
M NO; -N B A7 e 25 43 51 R 2. 3% F1 0. 94 %, B
R B AR BOHE B O B, BB AR 3R U 2 NHL-N
B FR S 0.068 mg/L, NOy -N # £ H R
0. 028 mg/L,
2.3 EEFRUIIER SRS R PIE R F RER R E

BB E

B 34 H T RA NO; -N Fr RS % 0.2. 00,
4.00.6. 00.8.00,10. 00 mg/L, & &F okt 25 B B8 Uk 1 vk
EHERRARERN AR, ERER,6 ¢/L Bk
WEE M EH R Y=0.073 2X—0. 050 1,4H%
FRBUR=0. 991, W B 15wt 41K » 5 J31) 2 7 I Vi BE
FETER R MF & 3 & R BURKR B 19 NO; -N i B if
FREA S e 8RR . 4 o/L BRI
BERIF R Y=0.076 6X—0.010 3, 4L EH R=
0.994,5 3 g/L B R kv B i A 2t W B 1E 58 oy 2
VL H 3 g/L BB MR E R AL R R E
7555 2R 0. 998 , B I, 32 36 v il A 43 ) s A S LT R
TR B A EL IR EE R 3 g/ L.
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%3 g/LO4 g/La 6 g/L

0.70 i .
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tEE
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Figure 3 Standard curve of NO; -N measurement with different

concentrations of hydrazine sulfate,
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£ 1 BEERUIE NHY -N #H3H bR R 2=
Table 1 Relative standard deviation (RSD) of the
proposed colorimetric method with a microplate

reader for measuring NHf -N

S NH{ -N & #/ F#1E/ RSD/

E =2 (mg+ LD (mg+L"D %
1 0. 786 0.737 0.718 0. 804 0.762 5.3
2 0.778 0.723 0.774 0.692 0.742 5.6
3 0. 745 0.742 0.735 0. 795 0. 754 3.7
4 0.643 0.688 0.632 0. 625 0. 647 4.3
5 0. 665 0.675 0. 685 0.662 0.672 1.6
6 0.598 0.673 0. 609 0.592 0.618 6.1

R2 EERMUE NOy -N X R RE
Table 2 Relative standard deviation (RSD) of the
proposed colorimetric method with a microplate

reader for measuring NO; -N

Kb NO; -N & #/ F¥ME/ RSD/

E =2 (mg+ LD (mg+L°D %
1 3.199 3.107 3.157  3.235 3.175 1.7
2 1.716 1.624  1.757 1.782 1.720 4.0
3 1.772 1.754  1.642 1. 650 1. 704 4.0
4 1.705 1.765 1.612 1.782 1.716 4.5
5 2.609 2.776 2.774 2.722 2. 720 2.9
6 1.714 1.758  1.777 1. 637 1.721 3.6

2.5 EEIRULESEERDOTUUEERILE
WE 4.5 Pras, BEFR XN 30 4 148 NH, -N,
NO; -N i W 5 3t Fl 43 3 & 0. 045~ 0. 323 mg/L.
0.479~4. 739 mg/L, ¥ 3 43 B {CHE X B T e ¥ Bl
4512k 0.027~0. 326 mg/L.0.554~4. 765 mg/L,

0.35¢
o4
0.30-4 ORERAY
o
=~ A 3 %
= 0asl WAL
%ED 0.20 g
= UeUr o o
e ° b g K oo
I 0.15} A ®» A
= Lo g8 2o, L
u o
£ o010} A A R g 2 4
0.05- o & o
A F Y
0.005 5 10 15 20 25 30
iS5

B4 EZERBHSFTUMBIRNI NH-NFEHWUESR
Figure 4 Results of NH; -N in soil extracts determined
by the continuous flow analyzer and the proposed
colorimetric method with a microplate reader.

W 7 SR U ) 43 A SRR AR S B 2R AT X L, T
BHAKME, E 6.7 Fin, BEREIELXTENY
GE 2 % 3h 2 B A-NH, -N) = 0. 997 6X (Fif§ b5 13-
NH; -N)—0.012 3, ¥ & %t R=0. 9619 (n= 30,
P<<0.0D),Y (3% 2 Wi 3 43 #7 A-NO; -N) = 0. 959 3

X (BFRA-NO; -N)+ 0. 021 9, 4% Z % R=0. 964 0
(n=30,P<C0.01) ,NH{ -N,NO; -N F#5 13 F137% 55 43
B g 25 5 6] )3 05 72 H LR 43 514 0.997 6,
0.959 3, ¥HEEF 1, B F il a7 15 4K 45 ) I s 45 21
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Figure 5 Results of NO; -N in soil extracts determined by
the continuous flow analyzer and the proposed colorimetric

method with a microplate reader.
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Figure 6 Relationship between NH; -N concentrations in soil
extracts determined by the continuous flowanalyzer and
theproposed colorimetric method with microplate reader.
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Figure 7 Relationship between NO; -N concentrations in

soil extracts determined by the continuous flow analyzer and
the proposed colorimetric method with microplate reader.



40

[ TR AL AT Al

2019 4

2.6 BEREROUEDE SRR AHSE A AR E W E
B AR A 22 NH, -N.NO; -N {05 [\ e 2 4n

F 3P~ GRERA BT NHS-N Bz 1l
W AE 96.2% ~ 108% , NO; -N B hn 4% 5] e &
1E94.9% ~110%,

£ 3 EARAGEIE NHS -N #1 NO; -N fndx B i &
Table 3 Recovery rate of standard addition for microplate reader-NH; -N and NO; -N

. HRE/ pg i/ pg WER/ug T/ %
NH{ -N NO;5 -N NH{ -N NO;5; -N NH{-N NOs5 -N NHi -N NO;5; -N
1 0.016 0.064 0.01 0. 04 0.028 0.103 106 98. 6
0.02 0.08 0. 036 0.137 100 95.3
0. 03 0.12 0. 046 0. 201 100 109
2 0.016 0.034 0.01 0. 04 0.025 0.072 96.3 96.7
0. 02 0.08 0.037 0.121 103 106
0. 03 0.12 0. 044 0.159 96. 9 103
3 0.014 0. 035 0.01 0. 04 0.026 0.072 108 95. 6
0. 02 0.08 0.033 0.116 97.5 101
0.03 0.12 0. 047 0. 148 106 94.9
4 0. 009 0. 034 0.01 0. 04 0.019 0.082 100 110
0.02 0.08 0.031 0.119 108 104
0.03 0.12 0.039 0.153 100 99.4
5 0.01 0. 052 0.01 0. 04 0.021 0.098 104 107
0.02 0.08 0.03 0.131 101 99.3
0.03 0.12 0.039 0.179 98. 4 104
6 0. 007 0.034 0.01 0. 04 0.016 0.079 96. 2 106
0.02 0.08 0.026 0.112 97. 6 97.7
0. 03 0.12 0. 037 0. 157 101 102

2.7 WRNEERMNEER

A 5E BT FH % 2 T 30 43 B AN PR R I B R O
TR 7T ARG R A R R 22,8 1 BRF3hm
W TR 7 h/d W TAER DR E , R K 4m] LA
FE 300 REYR M, o rp R A AR R AN 3R ) T ) e
], bR AT B 3 IR O BE , il A A T S E AR
8 7 h/d TAEEFETHEE, R 2] LI % 500~600 £
WK ACER R AR A 1 B IR ) 42 0, EL ARSI 3R
BRI R b, 7T DA R0 08 > AR L BE TR 3%
T AR ASCTE HEAT % 06 B I 5 st ] o 430 224 488 i 2R A 4K
it B B P 7 R Bl 4 A AN B R B R A T
A= BT 22 5] R, (B SR 3 3l 43 B AU 58 4 b J5 PT L 3
BEREWRA> T A DA BT R IR 25 , W7 HL ¥ 52 3 31 43
B A s °T LA B e B S AL R B, TR T AT
TR B, BRI R A A G A, R
P #EAT + 3 b A NHS-NONO; -N 52 45 545,
TR B, 16 AT R AR S B S T

3 #ig

EEFR A E HIE P SR HSE & 2T
FRUEMRZTE 10% IR, BZ &5 A
BEE RSB FE 96. 2% ~108. 0% Fl 94. 9% ~

110. 096 Z [8] ; 5 FE S8 I 3l 23 B X35 0 1 45 3R = I 8¢
AR MR . % T AR SUE AR 2,
S HTE R, T TR AR R RALR B
PR ST I RE

%% X
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