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(Cd) . #] (Cu) . 4R (Ag) . 4 (Mn) . B
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Fig. 1 In situ microcosmic experiment
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25 CHB MO A IR FR24 ho B53R)E, ¥ L
Wid0.45 pmERE, 0.5 mLUER B T4 G AH
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BT B TR 5%, WA BAE Sk 091202 il i At
SO, SR SR, HREERESUE,
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Z MR AE UL B £ L+ HERE & P L DN A, TR
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Fi (RHFWGEEDREARAR, i) #1716S
rRNAJ ¥ .

1.6 R-EFREME

7] A0 S 2140 W SO 4% ( SR-FTIR )« W4
NPK AP 1 000 p mALAE AR PR 11, &
Se, SRS Uy UM ZE K, @24 h, JER
B LR R e ) RE, RERTE R E
AP A A AL (CM1 950, TR, fE)
WK (-20°C ) 44 N 7K A 3 5 3E 17 )
RFOREERN2 wm); e, YR CE TR
WrEi A (Low-E, XEBHHEAMRAR) I, 4
2 SR IEBLO1BL ul E 1741 4h W USR5 .
MHESHRE: IS, 650~4 000 cm™; 4
K, 10 pmx10 pm; 249, 4 em™; HEHK
B, 640 s XS S B E . I,
650~4000cm™; A, 1 pmx1 pm; 539K,
4em™y HIEUEL, 1280 0,

i 55 (SEM) WEE. [F 485
A0 TG T 0 R T) F RE TRE  D S E RRATL
( Ted Pella, hNFIHEEM, E£E) B4, IHF
FHSEM (S-3400N 11, HAHLZAH ) #H4TIES 0
*FF [27] .

XU T-RETE ( XPS) 20 Hr: WEENPK
AEPRAIE IE1 000 o mALAR AR BR A R0 E AR PR
A U MR ED EG O BRI B R A R AR /N T 200
pm; ARG, TEBCA AL K o X6 546 28 1Y
PHI 5000 Versa Probe XHf£kfiEi%{X ( UIVAC-
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BRIXPSIELIC 1sMIZ5 G RE (284.6 eV) TENKIE
FrifE, FIHXPSPEAK ( Version 4.1 ) #{hE474y
e by 27
1.7 HIEIE

B K FOrigin 9.0 MISPSS 20.047 &K 4>
Brab s, Al 5/ i 35 25 5 15 ( Least significant
difference, LSD) fudu#itZHE LA (P<0.05) .
O TR 2R R B, B R R IR B

(Shannon index ) . ¥ % ( Simpson

index ) . FHEEIHE (Chao | index. ACE
index ) , DAMBAYIHEIE S AR T I04 0B
(RDA ) ¥12RFR 3.1.05KF3847 .

2z R
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FEIIE 1R

23427 afy KIWHEAE , MAb B+ 35 K 4G
FIH,0, MNPKANHEAY - HEH,0, %k &L H 25N
0.4 ~0.8 nmol-g™" ([&2) o XA [ i FL Ak 2 i)
NPKALFE T &, #itl 000 pmfLARmy 11
H,O, W JE iy, HRJEE 220 p mALARAY 1358,
MiE10.45 wmfLARAY £ HEH, 0,0 B fe (i, [ BE
o, XFEBEPHO M S, A FFLAE M AL B
THEHO & & W E I FNPRKAFE Y+ 38, Hor,
MALHE + S FINPK AL BE A 135 23l 210,45 o mfLER
M) HEHO & it e, HUOZ @20 pmfLEM L
e, MiEd1 000 w mfLAER HHEHO & R Ak, Xt
FEHEPFe(IDM S, MAFER) +1EFe(1) & 5 B %
R FNPKAEE +3, Hop, 31045 pmfLEM+
2SI r B E, MAEE D 000 w mfLIEFI20
p mALAR Y 38 2 ] 25 AT/

gi b, Kt AR Jy =X AT RS e 2139 vh 2R/ 28
TS 2 0 by HA BB H,0, . HO M Fe(I1) & .
[ B, AR 2R R AR A X6 S50t/ 24 S5 s 7 A
KA H,0,. HO M Fe(I1)H — & 2B Y52
2.2 KEAMPE TOIERICOBRE N

kT VEAR 25/ 28 S50 s g kK T i A 21 48 vh
CO, B J1 052, 4 BIA 0.4 nmol- g™ 24 i
AIH,0, % HHEd, X B AR FEVR AR S A9 H,0 5 4R
o, TERRE . ROEHEE R SR24 h, (R RO
ISR . B3I, EMARERR L8R A
H,O, AR INH, 085 77 () - 3B A CO i 0 T 1 3%
25 MAENPKANHE A L 58rh, S INH,O0, i 2% i iF
TCOBE, g R R RKIIMA B H g H A
REFAIH,0, % i PERE, TS ITINPK AL B () £ 38 v] g
RAE TR AU SRR, 5T RE SR
(AT N, PR B2 T H,0, % th ik fE . 5
NPKALH A L, MA@ 21 000 pm
LAEM20 pmfLARJ5E R CO, i, (Hil il
0.45 pmfLARRY RN CO, I T8 B 22 51
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different letters above the columns indicate significant differences between fertilizations and mesh pore treatments at P<0.05. Error bar

represents standard deviation of n=3. The same below
B2 KIWEAC -3 H,0,, HO™, FWEM:Fe iFe(Il) ¥ it

Fig. 2 Concentrations of H,0,, HO', dissolved Fe and Fe(Il) in long-term fertilized soils

2.3 HEBELSENSEFHR B ACO, BRI KB

WE B A RO, Ry, Tl RE S
H,0, /) FEE A RIR L S T 59 40
W AE 5 2/ 2 IR i g Ry OC AR T, ik
— B WF 5T Tt A 4 it A FL AR A B AR LR
M FEREL 2R R(EL) ., HERITA,
Jite A 48 it AL AR Ab B R 3 (P<0.05) M T 4
B AfEHIC (OTUs) . ACE. Chaol . &R
e Wi AR MAL B b OTUs It &
(P<0.05) 7 FNPKALH + 4, Hod, L
1 000 pmfLAEFMALFE L 3EFOTUSs R fie & -
i 3ok AN [ FL AR 0 i AT A B - e v B R E AR
B ACEM Chaol 78 fb i H—F, M 2807
H: M-1 000 > M-0.45 > M-20 > NPK-1 000,
NPK-0.45 > NPK-20; 3l & A [7] #L 4% B4 Jite A 4k
AR 2SR EIUT S M-1
000 > M-20, M-0.45 > NPK-1 000 > NPK-20,
NPK-0.45. Zg I+, K W7t A HLIE 21 58 /9 1k
AW AR B R 2 R R O W T A AR e
ZIHE,

BT AR R R 5 IR 2 R TUAR T
(Kl4) £, RDA1MRDA2f#BEE /] }83.9%
f15.5% ., HPRDATFEHM 5 NPKALBE + 5 0] g 5

20 DHZO-] 000 pm
- H,0-20 pm
= a BXH,0-0.45 um
ab z H
= b @0 ab ; [3H,0,-1 000 um
T 16F 1 : EZ221,0,-20 um
=< : BJH.0,-0.45 um
Q € i a a
o0 c
= : b 3
=2 - be :
g %
d st
8 |
M NPK

AbFH Treatment
¥ H,0,-1 000 wm., H,0,-20 wmAlH,0,-0.45 pmZFE/R7EiE
351000 pm. 20 pmA10.45 wmfLZRLIRARY + I NH,0,
HEATHIFR . H,O X fRAR BT &I [ (] 7 B 3 7 AN [ i L Ak
] 22 5 8.3 (P<0.05) Note: H,0,-1 000 wm, H,0,-20 pm
and H,0,-0.45 p m mean that H,O, was added to the soil treated
with 1 000 pm, 20 pwm and 0.45 pm mesh fabric panel, and
H,0 was used as the control treatment. Significant differences
between mesh pore treatments were determined using one-
way ANOVA’s followed by Tukey’s HSD post hoc tests at
P<0.05.
3 it A 2138 v — Ak i R

Fig. 3 Release potential of CO, in long-term fertilized soils
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Table 1 Shift in OTUs, richness and diversity of long-term fertilized soils
FE ¥ Richness ZFEVE Diversity
AbFE Treatment OTUs

ACE Chaol TR FEEL Shannon
M-1 000 2360 + 69a 2 653 +241a 2588 +257a 9.62+0.07a
M-20 1 686 = 76b 1725 +117b 1 696 = 87b 8.98 +0.02b
M-0.45 1836+111b 1 989 +280b 1 949 +282b 8.97 +0.08b
NPK-1 000 1190 + 85¢ 1263 +£202c 1267 +210c 8.15+0.06¢
NPK-20 1127+ 101c 1230+217c 1198 £ 193¢ 7.88 +£0.02d
NPK-0.45 1101 +108¢c 1266 +244c 1234 +215¢ 7.76 +0.08d

1 OTUs: 2ot (97%HMLE)

o M-1 000, M-20F1M-0.45% %] M3 21 000 wm .

20 pmA0.45 pmfLIRRAHLIE

A3+, NPK-1 000, NPK -20FINPK -0.45%0 %] it 1 000 pm . 20 pm#10.45 pmfLERAYLACAETE 4 3% . F R Note: OTUs:
Operational taxonomic units (97% similarity ). M-1 000, M-20 and M-0.45 represent soil with manure applied through 1000, 20 and

0.45 w m mesh fabric panel,respectively. NPK -1 000, NPK -20 and NPK -0.45 represent soil with inorganic fertilizer applied through 1

000, 20 and 0.45 pm mesh fabric panel, respectively. The same below

Wid0.45 pmflIE5WiE1 000 wmAI20 pmfLIE
AN A RE T 25 S A0, Ul B AR R RN A 4 1
AR 3 v 4 TR V5 A5 RS AR . ML 3 2 T
x5 1 4EpH. DOC. A MEFefICO, B IFE4H
KKFR, ULHIMAL PR+ AN B R E S5 T+
HEpH. DOC. "IEPEFeMCO, B ; MNPKALHfY)
AN B4 S - EH,0, . HO FIFe(IT) 5 1EAH K
2, ULHANPKALBEAY + e 40 b v 48540 1T g ad ad 7=
AH,0,. JFEAFe(I)51 & T LS50 N, I
Fh, Fe(IDW Al REDTHR 1k rim A4 iiH,O0,/THO .
2.4 FFWU/ATFWR KT H T IE- R R B

S BF ST A PIAR F B 1 AGT - 3 S /25 S5

0.6} .
§ - Fe(Il)
~ 03} .
g:‘ CO,(H,0,) 4 M-1000
=) HO» o M-20
& = M-045
= N HO, | 4 NPK-1000
RS .‘." o NPK-20
& = NPK-045
R

DOC

—0..8 —0‘.4 0.0 0..4 0:8
JUARSAT RDA1 /83.9%

HE: S, DOCHMiy - 3 v n] i A B AN AT 35 A7 LK Note: SI
and DOC are soil soluble iron and dissolved organic carbon
K4 L BEANE RS RN T B TR B
Fig. 4 Redundancy analysis (RDA) of soil bacterial community

and environmental factors

N5, R SEM4S & SR-FTIR LA M XPSH A
87 AL B AL FRE 51 000 w mFLAR 4 5 il 5L
MAFAE (E5) o SEM ([EI5A) F BT LEE Y X 3
by AR A R Al T, Bk AT — AN B A TIX
R A ECRAR, HARR XA LLE A 1
WA RGO, TR AR Xk IR Fe
2py, XPSiE (KEISB) FRHH, HLAYH BLNG in T 4 4
MRS L Fe(I) Fu o, PRbAE E T 4 398 25 1 52 iy Y
%45 SR-FTIR (KI5C) £W, 35 m -26
+5 (3619cm™) | JEMik (2914 em™) | &
gt (1725 cm™) . MK (1135 em™) B4
B RRZE R, b, MO E & A i
Wit . F2HERk , TORRIKALT O 4yl 2 3ok
H, BRITAR R 09 E AR IR L T MR 38, R
SRR N kA AR A A X FTIRE (&
5d) H— I TSEMAYILELE L, BIZ X 4o
TR A Xk, Hoh, B A
WEE I 2%, F2 Lo A A2 S, i B 7 e
FR R 53 A0 78 WLER XS s o

3 0 ®
3.1 4 HAHE AR &b T Xt 41 48 o 35 0/ K IR A 2 R R

HIF )
RIEWIFERW], TE4EE ST, b5
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Influence of Long-term Fertilization on Fenton-like Reactions and Soil Carbon
Storage in Subtropical Red Soil

YANG Liu' SUN Fusheng' WANG Taolue' YU Guanghui"*>*" WANG Boren® RAN Wei' SHEN Qirong'

(1 Jiangsu Key Laboratory for Organic Solid Waste Utilization, College of Resources and Environmental Sciences, Nanjing
Agricultural University, Nanjing 210095, China )
(2 Institute of Surface-Earth System Science, Tianjin University, Tianjing 300072, China )
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210008, China)
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and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract [ Objective ] Based on a long-term (26 years) fertilization field experiment in Qiyang,
Hunan, China, investigations were made of influeces of long-term fertilization on Fenton-like reaction
and soil C storage in red soil, with the aid of the techniques of high-performance liquid chromatography
(HPLC), high flux sequencing, Synchrotron radiation Infrared microscopic imaging, X-ray photoelectron
spectroscopy and in-situ microcosm incubation in soil pores varying in size (1 000 pwm, 20 pm and 0.45
wm). [ Method ] HO® was trapped by terephthalic acid (TPA) (non-fluorescent), of which fluorescent
product, i.e., 2-hydroxylterephthalic acid (HTPA), was determined with a high-performance liquid
chromatographer (HPLC); Soil H,0, quantified by a modified Fe’"-xylenol orange assay; Structure of
bacterial communities and diversity analyzed with 16S ribosomal deoxyribonucleic acid (rDNA) gene
sequencing, and interfacial processes identified with synchrotron radiation infrared microscopic imaging and
X-ray photoelectron spectroscopy (XPS). In the microcosm incubation experiment, Polyvinylchlorid (PVC)
cylinders were used and covered with a replaceable 0.45, 20, or 1 000 p m mesh fabric panel separately that
allowed nothing but microorganisms and/ or roots to grow into the test cylinders. [ Results ] Concentrations
of H,0,, HO and Fe(Il) were higher in Treatment M than in Treatment NPK, indicating that root excreta
and microbes involved in regulating the concentrations. Meanwhile, a linear relationship between H,0, and
HO" was found. H,0, buffering capability was higher in Treatment M than in Treatment NPK, suggesting
that the soil under long-term application of NPK degraded due to depletion of soil organic matter. Besides,
the richness and diversity of soil microbes were significantly higher in Treatment M than in Treatment
NPK. Furthermore, the effects of plant roots and microorganisms on soil bacterial community structure
were lower in Treatment M than in Treatment NPK. In Treatment M soil bacterial communities affected
the release of soil pH, DOC, soluble Fe and CO,, while in Treatment NPK they induced Fenton reactions
through production of H,0, and reduced Fe(Il). On root-soil interface, distribution of clay minerals (3 619
em™), aliphatic C (2 914 cm™), carboxylic C (1 725 e¢m™) and hydroxyl C (1 135 c¢m™) varied sharply in
pattern, and the presence of roots increased the proportion of Fe(II) on the interface. [ Conclusion ] These
findings suggest that long-term manure inputs to soil initializes free-radical reaction by activating microbial
communities and mobilizing iron, which is conducive to soil C stabilization and storage by increasing
recalcitrance and interactions of SOC. In addition, microbe-mediated Fenton-like reaction may affect C

storage and soil fertility. In the end of the paper, a concept model was proposed to effectively increase
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organic carbon in subtropical red soil.
Key words Soil carbon storage; Synchrotron radiation; Microbial community; Interfacial process;

Fenton-like reaction; Free-radical reaction
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