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IKIG XA T F B T4 T B R F K Rk 9 (125727
5'N, 49°33'35"E) , X F- 3 —0. 3 'C, 4ERRKE N
450 mm, JCFEMAH 115 d. FROBR Y 2 150 °C, J§ il K
i 2 XA B S R R O 2R R R A {6
FAAL M RN E 1.

EE&WE: ERE AU A (2021YFD1500204) » 2k V148 40l B 2 e A8 th 3 45 3 4950 H (2021JCQN004) » E K K E =k ik R0 H
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F1 TEERULFER

Table 1 Basic chemical properties of soil
HOLRE/ LR/ L/ L/ il it L/ AL/ AL/
(g kg 1) (g kg™ 1) (g kg 1) (g kg™ ") (mg+ kg™ 1) (mg* kg™ 1) (mg kg™ 1)
41.2 2.2 1.6 29.0 188.9 23.0 201.0

IR 5 AR AL B . (1) At AR 4R B (CK) 5 (2)100%
HHL A A (M) (3)50% F HL & 1k 2 & JE
(N M s (D25 %A IS EUE (N, M) 5 S) {2 FUE AL
LN, RKIG R ALK A3, B4/ DMK ER 24 m*, 3K
HE, FAAIIERS SR N NS5 05%. P,O; 2.75% . K, O
1.5% ., AHLE &8N 31. 2%, 2 &1k 50 & 24 H /)
22RO L . AR IR 4 B O IR L O i R A T B R A1
(R, MBAIEAZGREMERE A EZAEITH
A HUAR B AR AL AR 0 2 &, 100 %A HLE R 1k 2 U8 (VD
REF L 50 YA ML AL 24 EOE (N, M) &b B A 25 %6 A HLERAC
b2 ZUIE (N, M) 4 B4 HLAE A & 43 3124 1 500, 750 #1375
kg « hm ?, £ A0 FEHE . 00 ALHE + 78 HLAR) FH B A, 4%
Jiti A Ak B o it A BLRE H i L BROC R BRI E S0, WY
B2 M. A HLIGHLAR 2 T4 Rl — bR .

T2 BNERE. BEE. SRRMENBERE
Table 2 Application amount of N, P,0O;, K,O

and organic fertilizer in each treatment

gb HHe/ A/ e/ BRAE/
(kg » hm 2) (kg+hm 2) (kge+hm ?) (kg+hm ?)
CK 0 0 0 0
M 1 500 0 33.75 15. 00
M N, 750 37.50 54. 37 26. 25
M; N, 375 56. 25 64. 69 31.87
N 0 75.00 75.00 37.50

1.2 THREMKWFZE
.21 E#Hi%

2019 4F 9 10 H/NZ IR IR 0~20 em R 2 +1EFE
A RIS BORE L FEASNRCREE S MR, EREIRA
5) )5 R AU 4 2 B BT RE B BT REERE B B R T I 3 43
FEG (FLAZ 2 mm) . # IRARAEA .
1.2.2 TR MA B E

+3 DOC R 2 8 7 /K 5% % i U8 48 IOk I o 0 Ak
VAP LB E . BRI 3 g 3@ ad 60 H 0 A9 X T 4% F 50
mL BLEH, A 30 mL 8 FK, 5. BTHEEEY
ML, L 250 r e min ' B EY 1 h, MEEAEROHLHR L 10
Vi 15 min, WAL 0. 45 pm JEBE . UE W
% Analytikjenamulti N/C 2100 {0 & .
12,3 &e4 ez

i LK ¥ DOC R RE £ 27 15 mg - L', DI
JEIAE 56 I I A SR H Sz F-7000 28606 BT &
BRI 450 W UIRKT , 6 e A5 15 4 (PMT) #1 FE g 700 V,
W& K (EFHREE . 200~490 nm, 98 10 nm; &4
K (Em) S 8 Fl: 250 ~550 nm, %% 5 nm, 43 3 .

000 r » min

1200 nm * min~ ', A7 HF(PARAFAC) 43 Hrink . 17 19 B 7k
G3F IR . T BR LS B PEOE R M .
1.3 HiESH

R Matlab % F 4 i = 4 % o6 B 3%, IF i 47
PARAFAC 43 #7; Origin 2019b % 4 11 2 5% 6 48 $ (FDY! .
Em/Ex= 370/450 fl 500 nm; 4 % 4§ $X (BIX): Em/Ex=
310/380 1 420~435 nm F1J& 58 fk#8 B (HIXD™ . Em/Ex=
254/435~480 F1 300~345 nm, % ] Microsoft Excel 2007
TR K B Rzl R SPSS 19. 0 8 58 i 25 7 M AR
K43

2 #ZR51HE

2.1 TEWBREANKEE

m &1 AT, MO FE 43 DOC B 3% m T H o ab 5, 3
AR R 325.97 mg » kg™', HikE ML N, 4bFE AT N 4B, H
A4y Bk 307. 83 1 307. 60 mg » kg ', M 4b B 44 DOC
FrRE Mo N, AbFEFT N AR BEHE N T 5. 89 % 1 5. 97 %, &b Hf
202 5 B2 (p<<0.05), My N, 4bFEF CK 4b ¥R AL, M b
B4 DOC & &8 MyN, b3 f1 CK # hn 7 7.34% F
7.33%, 18 DOC & i 78 4 4b 3 b & i RO/NIBUT S M >
M, N, >N>CK>M, N, ,
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Fig. 1 Soil DOC content under different treatments

2.2 TEDOCZ#WHREIEFMEHNTH

H & 2 v 0L, &AL B 44 DOC = 4 58 X I8 4k X1 43
5, KRB HE ALY AVSI>N>T>1 .,
¥R Z A 2 5 B2 . Helms #5985 £ 8], R ) KA 2R [ 1
WIBALAR . X T AR AR 2R 2 (1 B 25 ) T (tyrosine-like
protein) , Ex/Em=(200~250)/(200~330) nm; X I f{
FROAMR T HFEAF LY K (tryptophan-like protein) ,
Ex/Em=(200~250)/(330~380) nm; X[l ¢35 Lk
W) i (fulvie acid-like) , Ex/Em= (200~ 250)/(380~600)
nm, WG ST R/DOAEIY B A KV RE
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VAR VE T A W A 77 B (soluble microbial metabolites), Ex/
Em=(250~600)/(200~380) nm; Xk V 142 5L iR 2K 4
Jfi (Humic-like) » Ex/Em= (250~ 600)/(380~600) nm, H
BN RGE A TR I R AT A IF 5T 4% IR
AEFRAE AN KBRS B o AR AT . 20 M>
CK>M, N, >N>M, N, Zb #1811 R AR 43 A 43 L LA CK
AR BEFT M, N, Ab B f @, 4350k 4. 21 F1 21,13, BFHT N
M b #E; X3V RS E 43 HE L N AR & 66. 23, £ 4k
PREYFR ST 1 53 b Bl Ak 2 280N it T S % 65 o v 48

A [ e FE Ak PR = A4 5 11 3% b B N A R 0 O A 0 AN B
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BAh . HAb AL B T Ex/Em= 260~ 270/420 ~ 440 nm [ iF
IR PIAFRAE W, HRRAEWE S R Y . HOMOR K
(Ex)/ KPP (EnDdHE K, BINLLH, M B . 5 CK
K3 (Peak A WE{H: Ex/Em = 240/430 nm; Peak C U {H:
Ex/Em=270/440 nm) #i kb, M &b 3 (Peak A WE{H: Ex/Em
=240/420 nm; Peak C 1§l : Ex/Em=260/430 nm) 2 Ji& 7H
TRY) BT 58 06 W 78 W Rk . RGBT IR AL R A AN TR R
MINI(Ex/Em = 260/430 nm), M,;N, (Ex/Em = 260/430
nm) . N(Ex/Em=270/430 nm) &b P 25 J& 58 18 ¥ i 9¢ % 4 78
WK« RSB A R R A A ) AR 7 .
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(a): CKALEL; (b): MARHE; (o) MyNy 4bBE; (d): My N, 4bBE; (o). N AbEE
Fig. 2 Three-dimensional fluorescence spectra of DOC
(a): CK; (b): M; (o): MiNy; (d): MyNz; (e): N treatments

2.3 1 DOC ARG IEH S

KA FI, BIX #1 HIX R AE A [7] 4 LA & AR Ak 2 ZUIE 1
i) £ 3€ DOC {1 0I5 F¢ 4iF A1 5 A6 A2 i . FTAT S B S 3 I3 o
U5, BIX it B A U5 A HLJSAE BT TU 4 I vh A A % T 40 b K
AN, HIX RAEA LR IERALARBEST, sk 3 i, 43 4
H DOC 1y FIAFARTE 1. 54~ 1. 59 JE [B N . 4 F Bli 4 U5 4R AT
. D5 H BB (. 9z, F¥ DOC K% 4 &L
TR AN B AR R SE W VE s, BEOR A F LR A G, IRA 4
TEA HLRL TR 7 . &AL B 3 DOC 1y BIX J [l 7€ 0. 67
~0.69, BPEAE/NY A AEBERE . 4000 % 4L #1 +3 DOC
I HIX 470 78 0. 80~0. 84 3t [l . 2 B JL A ML 1¥ )65 4 1k
AR (HIX<1.5), A Z M i, MM MN, 43T+
I AR AR AR

FEFFAT I T4 Hr 5+ 4 DOC B i = 4k 7258 638 4
MR UEAT e, L4 DOC F %R 3 AT 4 . 45 A FH T
JLH 43 A NG S T WL 3% 4, G AL 43 1 = 4k 98 6 1k WL
3. 4143 C1(240(320) /410 nm), C2(270(360) /470 nm) Hl C3
(220(280) /330 nm) B4, & PIAS HUR W FL— A~ R A% . C1 45
FREEIMEX KW BT WX KW B, #8 T8
AT C2 [F MR T m A Y i, FEIEHHm; C3

2R AR E R R

#£ 3 11 DOC kit

Table 3 Fluorescence spectrum indices of soil DOC

Ak 3 Fl;7o BIX HIX
CK 1.5540.01 b 0.6720.02 ¢ 0.8320.01 be
M 1.5840.01a  0.6820.01 be  0.842420.01 ab
M; N, 1.5440.03 b 0.6940.02 be  0.8340.01 be
M: N, 1.5840.02 a 0.67+0.01 ¢ 0.84740.01 a
N 1.5820.01 a 0.6924-0.01 b 0.82740.02 ¢

H: CK: AJtEAE; M: A HLIEEAR 100% &8 : MiNy: A HLUIE &R
50 %4k AIE; MoN2: A HLIERAY 25 % k2 A N: 10021k
R PRE Y I AR E 2 s as by oo FoRAS [l B E]
253k 0. 05 B AKE

Xf 43 DOC w3 45 HLAL 4 1 2¢ 65 J3E 30 17 43 B (3
5), Z5REW, +1 DOC Hh 3 A~F WL 4> AR H & L Cl
Iy s BRI 5000, FIZMIX £ NS TS A K L
B, AR AL HE 43 DOC Yy C1 414 %% J6 30 B L M Ab 38 5% 5
(1990.7£76.1) R. U, Hkd: N 4B, MFI N 4T C1 4
39 tam B Ay CK AL BE 43 ) 32 8 14. 4 Y0 f1 8. 1%, AbBE 2 [H]
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HeiE 2 5Ot

842 %

ZRPE(p<0.05), KU B C2 4143 5% 6 5 JiE 75 Ak # # [F)
Cl#3 AL, BL M AbBE C2 4143 %¢ 6 3 B fe i o 1 357.3
R. U, # CK Zb P48 T 23.8%, WEm FHMA R, C3 4
A M N, b3 872. 0 R. U, W 23 F H 42 ; CK f1 N

A3 C3 2143 Pt B f AR, 43 5 669. 4 R 680. 2 R. U, #%
ST SAZH Ay B R B R, M AL B 4 5 DOC 38 56 38 B R
4095.5 R. U, HikE MN, 4b# % 3 824. IR. U, BEB T
oAb

#£ 4 DOC A HE

Table 4 Characteristics of different component identified

4153 Aex/Aem) /01 A i Z:H W (Aex/Aem) /) FOLIE AR
€1 240(320)/410 am Litperis i Eo0330 v 1 C5To420 o gy
c2 2106350)/470 O
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600
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£
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(a): 4140 15 (b): 4153 25 (o 4143

Fig. 3 Fluorescent components of soil water-soluble organic carbon

(a): Component 1; (b): Component 2; (c¢): Component 3

£S5 TEDOCHEFHASHINREE

Table 5 Fluorescence intensity of organic components of soil DOC

Qb 3 Component 1 Component 2 Component 3 JH Ay e B AN
CK 1739.66437.21 ¢ 1096.18+31.58 ¢ 669.40+30. 89 ¢ 3 505.23+79.34 ¢
M 1990.73+76.09 a 1 357.25459.43 a 747.48+35.80 b 4 095.46+99.01 a
M N, 1711.72480.63 ¢ 1109.99448.05 ¢ 706.81+39.73 be 3 528.51+166.34 ¢
M2 N, 1 752.59471. 38bc 1199.48446.48 b 872.03+49.62 a 3824.10%145.19 b
N 1879.71472.00 ab 1216.34+£57.14 b 680. 24+14.69 ¢ 3776.28+125.89 b
e [k 3
TR e TR B U B 5 e A A TR B b 24 SEUNE R 6% 1 i = B AR
345 ittt

(DA TR W, A HLICHUIE it & Ak 3+
H DOC Z4E5E 0 18 1% v 2 51 16 45 I KB CK b B A [
FREFTERL, My N, b3 3 DOC 98645 #y 4 CK 4k B A5 1k f%
K U] 3 DOC i 4 o & 1 34 m .

(2) £ 4B 158 DOC 9 F1 4345 78 1. 54~ 1. 59 i [l 4,
BEH] DOC K5 52 8 A I8 F Bl AR 5 3L R/ T g 2, 6ok B
TriEP AL, FASNEANDRFE"E. MRS
M., N, 4b# + 3¢ DOC 1y HIX A X e o, 2 W8 o b A2 B I

(3) 47 I F 43 H7 (PARAFAC) 3 430 #7 22 1l ¢ 3 [ 3 &%
T, At N8 Ak 2 5+ 38 DOC (9 5% mi R [, 4 B Y
A HLIE B it A 2 U0 3 0 3 e 28 2R (AL 4 . 39 DOC
M sk, T IR AE )y . Mo N, 43 C3 A, 14
RRE A CERMARIEY T /N TR S F R, #
WA it IES A 0% B2 R - MRS PR AL R B, A ORI F £ 58 DOC [ 52,
T 45 DOC 56 6 1% R 43 Bt vl 0, A WL B AR LWL
B 75% (M, N, 4b3) A LI HLIE T L .
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Fluorescence Spectrum Characteristics of DOC in Black Soil Under
Organic Substitution of Chemical Nitrogen Fertilizer
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Abstract The combined application of organic and inorganic fertilizer is an effective measure to improve soil fertility and reduce
the application of inorganic fertilizer. In order to investigate the effect of organic fertilizer instead of inorganic fertilizer (nitrogen
fertilizer) on the content and structure of DOC in black soil area, different proportions of organic fertilizer instead of chemical
nitrogen fertilizer were used to analyze the content and fluorescence spectrum characteristics of DOC. The results showed that

the content of DOC in M treatment was 325.97 mg « kg !

, which was significantly higher than that in other treatments.
Compared with CK treatment, the fluorescence peak wavelength of each fertilization treatment decreased to different degrees.
DOC’s fluorescence index (FI) ranged from 1. 54 to 1. 59, and the humification index (Hix) of DOC in all treatments was less
than 0. 85, indicating that soil DOC was affected by both authigenic and terrestrial sources, and the degree of soil humification
was low. A parallel factor analysis identified three fluorescent components: two humus components (fulvic acid like substance
and humic acid like substances) and one protein like component (tyrosine like protein substance). The fluorescence intensity of
the three components in each fertilization treatment was higher than that in the CK treatment. Among them, the total
fluorescence intensity of soil DOC under M and M;N, treatments were higher, and the fluorescence intensity of the C3
component under M, N, treatment was the highest. The relative proportion of three organic components in soil DOC was the
highest in C1 (close to 50%) . indicating that small molecular substances accounted for a large proportion in the soil. The
application of fertilizer can improve the degree of soil humification, which was conducive to the fixation of soil DOC. And the
reasonable application of organic fertilizer combined with chemical nitrogen fertilizer can increase the availability of DOC and

improve the ability of soil fertilizer supply.

Keywords Black soil; Combined application of organic and inorganic fertilizers; Dissolved organic carbon; Three-dimensional

fluorescence spectroscopy
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