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291 kg, KT 1 mm i fRAA45
1.2 TEERBRARN
1.2.1 JRFRHRI

FREL 30 g H4EARES, A 0.1 mol « L7 (NayP,O; +
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B, 5 SRR, 3% W XADS-HP 7L B4 g &%
S B TACH NG I . 15 FA 415y, B4 FARERRIET 2.1 FA BIEGSEitaE

ZF R 25mge L1, pHPHZE 7.0£0. 05,
1.3 BEtiENE

PGS I K F Y #8 f Perkin Elmer Luminescence
Spectrometer LS50B, %Y &% £ M E S B S Bl /b 55
IH SRS ER UG Y TOCRADEE : R AR AMTE
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[ AROERE : PRIy dex=200~600 nm, M=
Aan —Aex =18 nm, FFHEHE N 200 nm. min~" 5 ZLEFEN
% REHEIERH K Aa =250~700 nm, FAHHEE: 1 500 nm

* min !

2.1.1 RAtk#

HE 1B AL, AR FA BRSBTS R
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b PRI F (451 nm) FLEE, NPK b B 9¢ G o B & A4
W%, (i F 447 nm, OM LR AIRB &, 17 MNPK 4b3#
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Fig. 1 Conventional flourescence spectroscopy of FA
(a): Emission spectra; (b): Excition spectra; (c): Fluorescence synchronou-scan spectra

a: OM; b: MNPK; ¢: CK; d: NPK

2.1.2 A Kk

AT B % B RS T AR SEA AR BIC L 1(b) ], ¥y
350, 395, 450 nm T4 P24 145696106, CK, NPK, OM,
MNPK 4bFf 395nm % 5614 057 5 43 51k 396, 390, 399, 399
nm, 5 CKA{tL, NPK b3 395 nm B 5 605 H 900 &
%, 1 MNPK F1 OM NG L8 B ka5, AT I 4 ] 1 B
R IEHEALN BN 4> T8 A BE SR . 53 4h, FATE 350
nm J2b 5% 06 PRt HE A BEAR ) A7 7 B 8 22 57, Horp NPKORRAE
VR, 1 OM F1 MNPK WA 2% i 35, ey 2 58 0 iy
ST R. 256 DL 8. NPK 4b3 FA
Zi Ay BEW] B REA%, 1 OM FI MNPK b3 FA 45 4 B2 U 45 4
FEIMER,
2.1.3 RFaftiE

TR E b 3 4 29 FA [ [ 25 491 1 06 3% 35 78 i K 470
nm FHEFEAE 1 B 1o ], R CK(416 nm) . NPK(409
nm) 73l e AR 1 RELREENE , T MINPK F1 OM 67 5 fff 3 2¢
el TR, 5 CK AR, NPK Ab#E 410 nm 4b 3¢50
Bl —ERERE SRS . 3 A LT el HEWT, NPK AbHE FA &
FEACRR BRI BN, X FA RS, BOR 6o prasie
—3.
2.2 FARI=4E5 ittt

ZAETOCRIE R (A 2), 4 A4S 4b PR LA R pY A

FfiEW4 (Peak a, Peak c, Peak b, Peak d), Z¢3GU41N & 43
4 : Peak a: Ex/Em=220~240/432~442 nm; Peak b: Ex/
Em=380~390/468 ~482 nm; Peak c: Ex/Em=330/436~
441 nm; Peak d: Ex/Em=440/509~516 nm, .t Peak a J§
FEANX K BTG, Peak ¢ B T WG 28 BTG
(Fulvic-like) ; Peak b 5 Peak d J& T2 ik ¢ 't ( Humic-
like) . JH AR A [ b B 4% 5¢ S 0 (7 & LA W] & M AN T
CK Peak a(Ex/Em=230/434 nm) , NPK jifi It b B 8 % 9% K
(Ex) P EWI B RS . 2 F 220 nm; i MNPK Al OM 4b 2 j#
REDHER MK (Em) B RALBIRE, Ex BT 240
nm, Em 4354 F 439 F1 442 nm, 5 CK Peak b(Ex/Em=
390/482 nm) Fb#¢, NPK Ab¥ifE Ex b &4 B FH R, VT
380 nm, [RINF7E Em gbtn W] W ) Ky 1 % 8l RA TR,
fiiF 468 nm, MNPK Fl OM 4B 7E Em 4b & A= A [F) #2 B
WA, I T 475 A1 477 nm, c &5 CK [ Peak c
(Ex/Em=330/438 nm) i tt NPK 4L H7E Em & A4 #i#. fi
F 436 nm, [A]iF MNPK Fl OM t7E Em 4b % 22082 4331
£ F 441 F1 440 nm, 7F Ex=440 nm 1y d WeHi 8, A4 CK
i MNPK 437776 d W, AXF T CK 1) Peak d(Ex/Em=
440/516 nm) MNPK 7£ Em £ B % 8% . v F 509 nm, Kt
R4 T, NPK ALHE FA 43 FI5 b fAi 5, MNPK F1 OM 4b B
FAGr TS5 AR IE 5456 BRI B85 ME T R 4 51%
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Fig. 2 3DEEM spectra of FA
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Table 1 Characteristics peak position of FA
in 3DEEM[ J}; & /nm/Ex/Em ]

Peak a Peak ¢ Peak b Peak d

CK 230/434 330/438 390/482 440/516
NPK 220/432 330/436 380/468 —
OM 240/442 330/440 390/475 —

MNPK 240/439 330/441 390/477 440/509

Table 2 Characteristic fluorescence parameters

of different samples

CK NPK OM  MNPK

S1s50/500 1.320 1.381 1.325 1.269

Al 370~1412 nm /A370~600 nm 0.098 0.104 0.090 0.083
Al 538600 nm /A370~600 nm 0.097  0.090 0.095 0.104
Ay/A 0.981 0.867 1.061 1.258
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PNFEE (fluorescence index, fis0/500 ) A1 & 6K K 370
nm [, 90 & GG 3E 450 1 500 nm &b %¢ G HR BE LG AE .
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Fluorescence Spectroscopic Characteristics of Fulvic Acid from the
Long-Term Located Fertilization in Black Soil

LI Yan-ping' , WEI Dan®*, ZHOU Bao-ku’*, ZHAO Yue', ZHANG Xi-lin* , WEI Zi-min'* , LI Shu-ling'

1. College of Life Science, Northeast Agricultural University, Harbin 150030, China

2. Institute of Soil Fertilizer and Environment Research, Heilongjiang Academy of Agriculture Sciences, Harbin 150086,
China

Abstract In order to investigate the effect of long-term located fertilization on soil fulvic acid (FA), in this study, four soil sam-
ples were taken from black soil with long-term located fertilization (about 30 year) in Harbin, Heilongjiang province. The fertili-
zation treatments included control (CK), N, P and K fertilization (NPK), horse manure (OM), combination of organic manure
and chemical fertilizations (MNPK). Soil FA was extracted from the samples and purified. The excitation, emission, synchro-
nous, and three-dimensional-excitation emission matrix fluorescence spectroscopy (3DEEM) characteristics of the FA were de-
termined. The excitation, emission and synchronous scan spectra all indicated that the main peaks of FA in the NPK treatment
exhibited a significantly blue shift compared with CK, while those of MNPK, OM treatment caused a red shift to some extent.
3DEEM spectra of FA in all treatments exhibited four peaks (peak a, peak b, peak c, and peak d), compared with FA in CK,
the wavelengths shift tendency of peak a, peak b, and peak c of FA 3DEEM in NPK, MNPK and OM treatments were similar to
that of traditional spectra in FA. In order to provide quantitative information of FA humification degree in different treatments,
we investigated the fluorescence index fis0/500 (FD), area integration (Aszo—600 am » A1 370~412 om » A 538600 ). Compared with CK,

the fiso/500 » ratio of A; /A in NPK and A, /A in MNPK treatment increased by 4. 62%, 6.12%, 7.22%, respectively. Howev-



2762 Heik2e 5614 B $£31H

er, the fisos00s the ratio of A, /A in MNPK and A, /A in NPK treatment decreased by 3. 86% ., 15.31%, and 7. 22% respective-
ly. This indicated that NPK application gave a lower degree of FA humification, and combination of organic manure and chemical
fertilizations would lead to a greater degree of FA aromatization in black soil with long-term located fertilization than CK.
Keywords Long-term located fertilization; Black soil; Fulvic acid; Fluorescence spectrum; Integration
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