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Abstract: [ Objective JReturning straw into soil and applying composted straw and biochar derived from straw are effective ways of
increasing soil organic carbon (SOC). [ Method ]JSamples of saline soil were collected from the Yellow River Delta and incubated for
30 and 180 days in lab in order to study effects of application of straw, compost and biochar on composition and structural
characteristics of humic substances in the soil.

(HA) and fulvic acid (FA). The content of Hu increased from 5.48 g-kg ™ increased to 11.20 gkg™ 16.66 g-kg'and 20.60 g'kg ™, after

Results Results show that the practices increased humin (Hu) more than humic acid

180 days of incubation. In addition, the content of HA increased to 1.36 g kg™" in the plot applied with compost plus biochar, while in
the plot of straw returning, the content of FA decreased from 3.77 g'kg' to 3.32 g'kg!, after 30 days of incubation. Positive
correlations were observed between the contents of Hu and SOC in the plots incubated for either 30 (R*= 0.84, P < 0.001, n = 10)or
180(R*= 0.98, P < 0.001, n = 10) days. Organic carbon (OC) increased mainly in Hu, especially in the plot applied with biochar.
Both application of compost or returning of straw were conducive to increasing HA and FA, and application of compost plus biochar
was more significant in the effect of increasing HA. The content of Hu was mainly affected by the ratio of biochar in the plots
applied with biochar plus straw. Application of straw, compost or biochar was in favour of accumulation of aliphaic groups of FA,
and good to accumulation of aliphaic groups and carbohydrate in HA at the initial stage in the plots applied with straw or compost,
especially with compost. Application of biochar was good to increasing aromatic groups in HA, while application of straw or
compost, especially the latter, was to increasing aliphatic groups and polysaccharide at the initial stage of incubation. But afterwards,
aliphatic groups deceased, while polysacharide went on increasing with the incubation lasting, regardless of treatment. [ Conclusion ]
In summary, biochar mainly increases the content of Hu, while compost plus biochar is in favor of increasing HA. However, straw
increases the content of FA at the initial incubation stage. The ratio of biochar in the plots of applied with biochar plus straw or
compost affects the content of Hu, aromatic functional groups of HA and aliphatic groups of FA.

Key words: Yellow River Delta; Salt-affected soil; Organic materials; Humic substances; Fourier Transform infrared

spectroscopy (FTIR) spectra
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DAFERFFE A SRR, e s i TR REFFRE 77
180 d T KFEFTHR BTN 32.2%; 1595 360 d T AKREFF
FREE N 30%; Hi3% 720 d EKRFEATAR B0 25.3%,
A ULEEFE 180 d B KM EFFIC 200, v LURRE
FEFE A 01 18] - 188 59 BOY AU AL )T, 38
X R TR (30 d) IR A A ST A B R 2
Ak, AT ARG A HLRHE 58 o W) A B B
PIRRIE . AR S N B SR:, RAE BT =
X ER A+, BIARFT . ARATHEAE . ARATAE W B s 772
30d #1180 d, 43# 1 T IRIEFEY) BT & = 1Rk . SR
LEAMEREDGE T IR A R LRI A 25 MR E . 1R
TIRSFE . REFFHEACAIRS FFA 4 05X 2T — A o X
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1.1 ket

B o+, F 20154 12 H 6 HER AL
TRAE ARE T R B EL DR AT ( 37° 237 46.937 N, 118° 10’
34.83"E), FAMFILE 1. BRaT RSy L o
RN KEHEA VLR 010 gke', BB
092 gkg ', BHIMR 3.64 gkg™!, WIHLE 5.27 gkg s

HEA HLP R AR GRS FE . ARAEREFRHEAL . A
WAEFFAED TR, LIRS R0 443.7 gkg '
323.6 gkg' Fl 576.6 gkg'; AT EHITW A

10.10g'kg™". 12.81 gkg' 1 15.59 gkg ™' HHAFEFT
HENE ZARAEREFT HARHEE 1 a JIFRMEIE R 49
JoT e S R AL RS FTAE Ey g b b 500°C A2 4 he
1.2 Rt

BN IR LA B AR K EEAR NI, ik
B0 ANAbEE, RRASALRE 3 REE . AAHEITTR . CK
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TFRAEREFFHEAL ). CB CASINARAERE AT LW 5 ).
CSB1 (MAERSFF SHRAEREFFAE Y Bt 12 2 ol
). CSB2 (MRAEFSFF SRR FHAEYI AR 1 2 1
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FRAEY AR 10 2 H@ld N ). CCB2 (A AER5 FHE
JESHAEREFFAE Y e d% 12 1 Heldsin ). CCB3
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[ £+ . AR A o . AT HERE . ARAE Y
C : N b SRJ5 ) 38 R AR AR A2 40 S e . A AT 3
JE . AT, R (NHg) 2SO4 8795 BT A AL JAE i
) C N EER 20 0 1, JE T RE S, KR Sk B RS K
1) 60%, Hrfr, MFFAEY BRAINE (CB 43 ) K
45 thm? (#% 20 cm 235, BIRSAT2E Y B % 78
ik 5 AR Y 2% HA b B SARAT AR
o 5 P SRR S N 2 g e U

F1 i HIEERMR

Table 1 Basic properties of tested soil

+ B pH HN/ Olsen P/ AK/ oc/ TN/ Sa/
Soil type (H,0) (mgkg!) (mgkg™!) (mgkg™!) (gkg!) (gkgh) %o
A" 8.1 107.3 60.39 192.4 9.18 0.98 10.41

#:: HN, Olsen P, AK, OC. TN, Sa /it LM Al . B . ALk . 2% MiL% . T, Note: HN, Olsen P, AK,

OC, TN and Sa stands for soil hydrolyzable nitrogen, Olsen phosphorus, available potassium, organic carbon, total nitrogen and salt,

respectively. (DCryids Aridisols. The same below

1.3 SWAE

TR A . pH . A LT A R L
T Rl b £ % i = o e B: R O S
s

- BT TR A BUR S R AL e ek
A 2 LB KR BUE KA HLY) ( Water
soluble substances, WSS) Ji, f] 0.1 mol-L"' NaOH
+ 0.1 mol-'L™" NayP,O; AW HIU wT 2 U 7 4

J& ( Extractable humic substances, HE ), #4k%: ]
0.5 mol-L™" H,SO4 ¥ rI R BUSEY T pH HE 1, 43
B AR Humic acid,, HA RIS HL2( Fulvic acid,
FA), TR HHAHE (Humin, Hu),

J& 56 ) o7 45 20 43 Je H3EA BLBK ( Soil organic
carbon, SOC) R EKRM A LN E, & 2R
ot FH AT S BE P B ek 2 A R

A RO TN BT LR () 21 061 SR AT L i AR R 2T
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AMETEAYL (Nicolet iS5 %!, Thermo AH], JEHE ) it
FriaE o W EJEFE 4 000~400 cm ™' KA KBr KA
A R S, KBr FIFE AL L 200 < 1 H@IEA TR
HHER . RN 4emt, HREGRECH 16 K. £05k
YeiER R R ) OMNIC 8 : 2 # ikt #r, Rk
FE AT AT AR, A A e AR o 0 T
R ET 43 FEAE Ry 25 WA WS 0 %) KL X6 5 B2
14 ZiFHE

%04E F Microsoft Office Excel 2010 Z£## , Fi SPSS
Statistic 19.0 2 ¢ KaR AT WEVEZR . KA
Microsoft Office Excel 2010 1 Origin7.0 #4172 [A .

2 4t R

2.1 ARAEVNHHAIE TKAEEYVEBRINEEY

BREE

Ki g% 30 d F1 180 d £ H /K A LA | HIER |
B EPRASAME N S R IR 2. KR 30 d i), FEFF
A BN AT HE E A B K B PG ALK 2 B 0 IR Y
0.13 g-kg ' I ANE 0.14 g'kg ™ #1 0.15 gkg ™'
AW ook ab BOK R A HLER B s BT
0.12 g-kg ' FEFF5 A= W I e e i K v kA AR B9 25
HAE 0.11~0.14 gkg ' Z 18] 5 75 FFHEAE 55 Ak 4 B ¢ i

F2 EF30dFA180d KAEBHKRMBEENRSE

Table 2 Contents of water soluble organic carbon and humic substances in the soil incubated for 30 or 180 days/ (gkg™")

AbFE Treatments WSS HA FA Hu
30d CK 0.13 = 0.06ab 1.47 £0.22¢ 2.53 £0.35f 6.48 £ 0.56h
CS 0.14 = 0.00ab 1.27 £ 0.06¢ 3.77 £ 0.22ab 9.14 + 0.16g
CC 0.15 £+ 0.05ab 2.07 +£0.08a 3.55+0.14bc 11.84 £ 0.36f
CB 0.12+0.02b 1.32 £ 0.06¢ 3.04 £0.12de 16.66 = 0.41a
CSB1 0.14+0.03ab 1.77 £ 0.26b 2.87 £ 0.19ef 15.13 £ 0.76¢d
CSB2 0.11 £ 0b 1.23 £0.25¢ 3.67 £ 0.36bc 15.55+0.17bc
CSB3 0.12+£0.02b 1.41 £ 0.04c¢ 3.76 £ 0.05ab 13.23 £ 0.67¢
CCB1 0.14 £ 0.03ab 1.28 £0.17¢ 3.35+£0.27cd 16.27 + 0.69ab
CCB2 0.18 £0.02a 1.42 £0.22¢ 3.74£0.11ab 16.34 + 0.72ab
CCB3 0.12+£0.05b 1.38 £ 0.06¢ 4.08 £0.08a 14.26 + 0.25d
180 d CK 0.05 +£0.02¢ 0.95+0.12¢ 291 £0.27ef 5.48 £ 0.90f
CS 0.13 £0.02a 1.03 £ 0.05bc 3.32+0.05cde 11.20 £ 0.98¢
CC 0.12 £ 0.03a 1.04 £ 0.14bc 4.19+0.47a 16.66 + 0.19¢
CB 0.10 + 0.06abc 1.02 £ 0.17bc 4.05+0.33ab 20.60 + 0.93a
CSB1 0.10 £+ 0.04abc 0.92 +£0.19¢ 3.20 = 0.20def 17.12+0.31¢
CSB2 0.11 £ 0.02ab 0.84 £0.11c 3.67 + 0.18bcd 16.91 £ 0.80c¢
CSB3 0.06 = Obc 1.24 £ 0.12ab 2.99 £0.27ef 13.18 £ 0.51d
CCB1 0.08 + 0.02abc 1.20 £0.18ab 2.80 £0.22f 16.58 + 0.36¢
CCB2 0.06 £0.03bc 1.36 £ 0.05a 3.20 £ 0.39def 18.99 + 0.24b
CCB3 0.09 £ 0.05abc 0.85+0.12¢ 3.79 + 0.36abc 19.34 + 0.46b

{E: CK. CS. CC. CB. CSB1-3, CCBI-3 7} 5lIZ7mx MBI ASAAT AR, . SIRAT . BRIIARATSEAL . ASAARAT AL o AR ARFTAI
FRFFAERIBUR TP 12 20 1 VA2 2 1 A LLBIAS N, ARAFSEILFRATAE M BToe R 10 20 1 LRI 2 © 1 BLLBIESIN; WSS, AKIEVEAHLIK;
HA, $I8f2; FA, WM Hu, $IEE. F—30/NGFRARE I A R IR 25 5 W3 (P<0.05). FIF. Notes: CK, CS, CC,
CB,CSB1-3,and CCB1-3 stands for CK( original soil ), soil amended with cotton straw, soil amended with composted cotton straw, soil amended
with cotton straw derived biochar, soil amended with cotton straw plus biochar ataratioof 1 : 2,1 : 1 or2 : 1, soil amended with compost plus
biochar ataratioof 1 : 2, 1 : 1 or2 : I, respectively; WSS stands for water soluble organic carbon, HA for humic acid, FA for fulvic acid
and Hu for humin. The lower case letters in the same column means significant difference at level P<0.05. The same below
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Tl 5 25 0 ot e T Tt 7K 5 P AT LRI P 1% HE7E 0.06~
0.11 gkg ' Z [a] ; RS AFHERE 5 A= 9 o ok e il K v Ve A
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B, SR SRS T S I A 2 ) 5 e Ao B K S
BILA B B 5
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Joi pic b PR AR+ HA OB & Ay B 1.270 2.07 A
1.32 g'kg ', M55 3% 180 d B 4051 FF& 2 1.03.,1.04 £l
1.02 g'kg ' HH55% 30 d MILL, K53F 180 d ST S
A= Wy J5T e I it Ak BB BRI BR AR T 0.17 ~
0.86 g-kg ', b FFHE AR 55 A= 90 5 e Pic i Ak HE5 F5E0 R 1)
SRFEIRT 0.05~0.53 gkg . DL EBFSESE B,
ot A Mk A Bl S M A 5 A= 4y S o it - 398 1 g i o
FasE

B35 30 d IF, AEFFALERACHS AT HEAE AL | AR
JpcAb L B B R A, AE T 3.77 gkg .
Tt R A= 0 I o T i Ak L L TR o o A Pt P
EU B2 g RG0S FE R AR B TR R R 2 0 1 A
EHRGERE, N 3.76 gkg'; FEFFMEAC N4
o i it Ak LT ekt I 2 R R it b1 v
s, F5FFHERC AN A P 0 o LU s ) 2 ¢ 1 B B
MR & R S, o 4.08 gkg '

51597 30 d ML, K535 180 d I, REFFHEAE AL BE
1A= 4 I A B LR 5 e 4 BN 4.19 gkg!
Ml 4.05 gkg", TRGAT A B E BRG] FRAR 2
332 gkg ' BEFE 180 d I, FEFFAIAR 4 5 Ak it Ak
P B SRR T RS AT AR R F ] 1 2 kbR
TR E 30 d BFAH N AR B, LAY A B LR
EMET 30 d Ab B, 5 HLBE RS AT B = 1mi P
FEFFAE Y o LA S 2 0 1 I HLRR & AR
F 2,99 gkg s MR ATHERE FIA: $ 5k it Ak B
LR 5 o B R T HE A P L 4R i ke, RS A
M REANA P HL A 2 0 1 B B B
379 gkg'o VA LWFSEEE R, REATHEAD s A=
W) 5 A R Tk 4 B iR

Figw 30 d i, FEFF . FEAFHENC . 2R W Bk Ak 2R
HAESE SR N 9.14, 11.84 F1 16.66 gkg '

ol T R A 40 I e I T Bt A 400 B e L 491 AR A1 Al 32
TR, YRR TR )k 2 1 B R
ik (13.23 gokg ' )o i1 HE AR 1A= 90 I 2% T it A1 B 25
A B o L IR B R & i TR, AR
BE A AR W R e b B 2 01 R OR) AR A
14.26 g'kg "o (IR AT HE IR AR 4 5 e T it ) 4 R
B b TR R R AR W I it Ak

Hidt 180 d BF, FEFF . FEAFHENC . A4 B Ab
HE T HE RS ES IR 1120, 16.66 Fl
20.60 g-kg "o AEFF RN A By R A O AT S Bl 2 A ) R
o AR L AR B R A i T R, SRS AR AR )
HEELBI R 2 0 1 IR R AL (13.18 gkg™ ). MifHFF
A A= 9 I e it i o s A M IS B ) 88 5 A R
RN, YEEFHEAR R A Y RS LA 2 1 R
HmERE (1934 gkg' ), HHEHHESEML
AN S RAER SR 30d (R*=0.84, P<0.001, n=
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ERFEEHXLR (K1),

DL AR R R, A REFRHEAL . A
RN PRI AT 4 v I AOR B i R AR A Bk
e it 5 - A B3R A2 A W T e B 48 e R
17 %5 4 S R A= 40 T e e 5 55 0 399+ M B 3R
BB AW T BT 7 LGRS R A, B 3R IS R
/N o
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éwm ..... %m,
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1: ,,-AO
& 5.00-
=
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Fig. 1 Correlation between Hu and SOC in the soils incubated for
30 and 180 days, separately
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3R 4) VO A el AR R B HLRRZT AN T IR I
WU )m (& 2) R 3340 cm ' AR RRER . B2
P2 45 1 —OH 45 R 3l ; 2 920 em ™' 1 2 850 cm ™!
SNG4 M i —CH, F1I—CH; 9 C—H 145 4R 505 1
620 cm ' RIS FRALA Y C=C 1 %5 P 2h ol B | B A
BER 1A 1 C=0 MigadRsh; 1 420 em™' /KL
EHWH C—O XMFRIES; 1100 cm™ &£ 45 Hy
C—O figiiRsh!", MIEE 3, K 30dm, &1
b BRI BER TE 3 340 e A 15 UAT WA A Xo) R J3E % T
Xif B s R R A W I R A 3 340 em ! Ah i g 06
AFT 588 P55 o s S T A I 48] 5 o g A, T
FF HE RE AR Py 5 o B it D) 2 T v e . 5 IR AH
b, 45 Ab PR B ERAE 2 920 om ! Ab MR I B
B, It HBE G S A SORS AT SR A8 R G K
(2920+2 850) /1 620 fF Jy g G fe/ 55 7 ok L RAENE
TR RN 55 75 Bk AR X AR £k o Xl BE Ak BB BG  B5 / 55 A

HoR 0.01, 2540 BRI R X0 IR AL B o A% AT A1 A= 9
i T Jite B R Wik / 57 A Wk EL i 3 RS AT L 90 45 v i 3
K, FH0.018 HEJINZE 0.036; FLFFHE AL F A4 5 sic i
Jiti i e /5 7 e LU AL Bl 2 R A A AP 0 m K
K, B 0.036 BEINZE 0.044. B R 4 b B AR
1620 cm™" Ak W YAz 06 A oF 588 38 44 K - X A Ak B

Tl FF R A 1) 0 ¢ T B AE 1 620 em " Ak W57 WAg g A %o 3
FEHT 17.58%8 2 18.19%; i AT 3 AE F1 AR ) 5 e
Fejifife 1 620 om ' Ab W SO 0A AR X 50 B 18.27% 34
JNZE 18.70%., SXFHEMLL, £40BEAE 1 420 cm'!
A1 100 cm™ Kb W S i A XoF 3 3t 388 fin T, AR X
SHR B 7 o A A IS Ak 2 RS A HE A 5 AR ok T it
Ab B TR A SRS A1 5 AR W o Bl it A B . DL B
FELE IR, REFF SRS FFHE AL S A 300, ol
R A HE AT T A T O B U R A B K AR S
Wi Z R R

F3 1EFF 30dFA 180 d TIEHAEIER LT S i R R i U B X SR

Table 3 Relative intensity of absorbance peaks of HA in the soils incubated for 30 and 180 days, respectively

Qb ¥ W e A X5 B Relative intensity of absorbance peaks/% HfH Ratio
Treatments 3340cm’  2920cm’ 2850em’  1620ecm’ 1420cm’'  1100cm’ (2920+2 850) /1 620

30d CK 61.85 0.136 0.029 16.05 8.43 13.51 0.010
CS 60.14 0.395 0.033 16.92 8.40 14.10 0.025

cC 55.99 0.525 0.053 18.44 9.70 15.29 0.031

CB 60.04 0.428 0.041 17.29 8.60 13.61 0.027

CSBI 57.12 0.242 0.075 17.58 9.98 15.00 0.018

CSB2 60.83 0.349 0.034 16.74 8.78 13.27 0.023

CSB3 56.73 0.581 0.072 18.19 9.65 14.78 0.036

CCBI 55.18 0.563 0.086 18.27 10.18 15.72 0.036

CCB2 55.76 0.610 0.066 18.51 9.15 15.90 0.037

CCB3 56.02 0.733 0.097 18.70 8.92 15.53 0.044

180d CK 59.22 0.216 0.053 16.86 9.31 14.34 0.016
Cs 57.20 0.255 0.048 16.52 7.81 18.16 0.018

cc 54.79 0.241 0.058 18.95 8.58 17.38 0.016

CB 59.09 0.211 0.036 16.74 9.08 14.85 0.015

CSB1 57.57 0.153 0.041 16.25 8.19 17.79 0.012

CSB2 58.00 0.147 0.036 15.99 8.09 17.73 0.011

CSB3 58.49 0.135 0.030 16.70 9.23 15.42 0.010

CCBI 60.01 0.130 0.024 17.50 9.15 13.18 0.009

CCB2 57.28 0.134 0.033 16.45 8.11 17.99 0.010

CCB3 58.66 0.147 0.026 16.66 8.97 15.53 0.010
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Table 4 Relative intensity of absorbance peaks of FA in the soils incubated for 30 and 180 days, respectively

Qb PR I Wi U6 #H X 5 BF- Relative intensity of absorbance peaks/% I Ratio
Treatments 3340cm’ 2920cm”’ 2850cm’  1620cm’ 1420cm” 1100 cm™ (2920+2850) /1 620

30d CK 56.32 0.105 0.023 17.10 10.05 16.39 0.007
CS 59.71 0.099 0.019 16.79 9.25 14.13 0.007

cC 54.45 0.147 0.016 17.77 10.98 16.64 0.009

CB 55.59 0.156 0.024 17.51 10.11 16.61 0.010

CSBI 57.47 0.867 0.141 17.01 7.83 16.68 0.059

CSB2 56.48 0.213 0.049 17.56 8.47 17.22 0.015

CSB3 56.62 0.183 0.027 17.26 8.46 17.45 0.012

CCBI 57.29 0.152 0.013 17.23 9.86 15.45 0.010

CCB2 57.23 0.150 0.020 16.82 9.11 16.67 0.010

CCB3 55.06 0.181 0.025 17.43 9.31 18.00 0.012

180 d CK 55.07 0.131 0.020 17.34 9.10 18.34 0.009
CS 57.22 0.217 0.041 17.46 9.72 15.34 0.015

cC 56.99 0.193 0.054 16.63 8.26 17.87 0.015

CB 54.74 0.148 0.030 17.28 6.83 20.97 0.010

CSBI1 64.44 0.153 0.030 15.58 6.93 12.87 0.012

CSB2 57.30 0.232 0.066 16.76 9.22 16.42 0.018

CSB3 58.62 0.147 0.023 17.00 8.61 15.60 0.010

CCBI 56.61 0.250 0.076 17.16 9.72 16.19 0.019

CCB2 60.46 0.154 0.033 16.19 8.97 14.20 0.012

CCB3 56.76 0.146 0.025 16.67 9.60 16.81 0.010

B9t 180 d Ji, &b BEHIEEARTE 3 340 cm!
A2 W ST R X e B A I %o B s R A AR AR A Bk T
JEFE 3 340 om™" A W Wi A oF 5 32 A AT L 51138 i
Wy, RS A HE IR A A 4 R AR BRAE 3 340 em!
Aub W AL ORS8RI
FREFEFIRS A B SRR AE 2 920 om™" b W i U6
AHX 5 BE 43901 R 0.26%F01 0.24%, AT T4 FE AL 5
AR B . FEFF A e B . R FFHEAE A
R ACECEAE 2 920 cm ' A Ak I WAL 04 AH X i
JI WA /55 B bk b 3 A T X A A B ok R A B A
1620 cm ™' Ab WS IG5 E R 16.86%, F&FFHEAL
Ao TR WA U A X 5 RE N 18.95% , FEFFALRE | A=
AL LR AT g A X iR B SAAIG TR B A AT RN A ) B
BEBCHE AL BEAE 1620 cm ' Ab W WAL U4 AF X6J 5 85 0% T %o

W, (R BE A RS FF LU K4 =, i 16.25% 8
F 16.70%; FEFFHEALAA Y TR FLiEFE 1620 cm™
A W2 S e AR XoF iR L R A A IS N AR ) 5T e L 4B R
20 1 T BRAL T, N 17.50%, HeAx kb 3K T
S HRALFE  RFHRAE 1420 cm " Ab W WSO 0A A X 5 B Sy
9.31%, HAALHEIGME T RALHL; 55X R L, #H
R AE 1100 cm ' &b 45 Ak FH IR AL e A X6 568 B 386 T
DL EWRoe el SRR, REAT . A FFHEAE 2 A 9 5 1
- SR AR v i R 46 A I A T B T 1 o o gk L
Z WIS AT SR I N o e B AR ) T AT A F 1
BB D5 A 28 ) T A G

AR 4, K38 30 dWF, FEFFAL B S BB
3340 em™ " Kb WSO UG A X 5 B R T R RS AR LA
Wy I Tt AT M A AR A= 0 D5 it 7F 3 340 cm !
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A2 W SR AR X 5 R i T SR P A A b f5) 1
i X AR AD B R R o A A B L A R e Ak B AE
2 920 cm' AbMR SRR 3 43531 h 0.105% . 0.147%
F10.156%; HeWehk/J5 7 L4399 0.007. 0.009
A0.01, A FF F1 A 4 5 o B it b BEFE 2 920 em ™
2850 cm " Ah W ST g AH ot 5 B e AR W0 5 e L B8 R
R R, %It 0.343% PR 0.183%, LUK
0.142% N %% 0.027%; BRIERR/ 5 & L By 0.028
TR 0.012. A HEAL AN AL 4 5 % e it Ak 21 7E
2920 cm'. 2 850 cm ' Ah RSO U AR Xt iR B i A
HE BB EL ) 34 S o, 4r B 0.152% 3 i &=
0.181%, VAKHH 0.013% % 0.025%; J& MR /55
TR L H 0.010 B4 /M % 0.012,
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3340 1620

2) 420 1100
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LKA TRt /5 A ik 380 KT 6 s A AN A 0 T e
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JE DL KRG T e/ 55 7 i L Wil 5 A 40 T e B 481 8 A1 T
BEAT IR /D, 43l 0.153 W/b & 0.147 ., 1 0.030 Ik
/B2 0.023 LUK 0.012 Jk> 2 0.010, FEFFHEAE AN
AW B R BC AL FRAE 2 920 em 'L 2 850 em ! bWz Ui
WA R XS i 85 DA % Mg T e /7 B e LU Bt A A4 40 T e LE
AR T 9820, 43 %I 0.250 38/ % 0.146 . H1 0.076
0% 0.025 LUK 0.019 38422 0.010,

DL BRI, 53R e0I, AR AR AL
Yy e R T HURR B e ik 3 n o RS AR AR
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Note: The figure a) and b ) is the FTIR spectrum of HA in the soil incubated for 30 and 180 days, respectively. The figure ¢ ) and d ) is the

FTIR spectrum of FA in the soils incubated for 30 and 180 days, respectively.

P2 1557 30d F1 180 d R IEWIIRR At FELRR A L1 A1 L%
Fig. 2 Fourier Transform infrared spectroscopy ( FTIR ) spectra of HA and FA in the soils incubated for 30 and 180 days, separately
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