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Composition Characteristics of Organic Carbon Pool in Upland Red Soil under
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Abstract:  Objective  This study aimed(i)to investigate processes and mechanisms of long-term application of crop straw and
pig manure affecting content and fractionation of organic carbon pools in upland red soil; (ii)to analyze effect and adaptability of
the RothC model simulating changes in organic carbon in upland red soil; and (iii) to provide reference data for management of

organic carbon and sustainable development of agriculture in upland red soil.  Method  Soil samples were collected from the
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topsoil layer (0~20 cm) of a upland of red soil, where out laid were the four treatments, that is, CK (chemical fertilizer), PS
(peanut straw), RS(rice straw) and PM (pig manure), in the National Agro-Ecosystem Observation and Research Station in
Yingtan, Jiangxi Province of China. Organic cabon in the soil samples was extracted and sorted into five fractions, i.e. particulate
organic carbon (POC), organic carbon in sand and stable aggregates (SAOC), dissolved organic carbon (DOC), labile organic
carbon (LOC), and inert organic carbon (rSOC), with the modified Zimmermanns’ method. Based on the RothC model, the
above-listed fractions of soil carbon were further sorted separately into five subfractions, i.e. organic carbon in
readily-decomposable plant residue (DPM), organic carbon in hardly-decomposable plant residue (RPM), microbial biomass
carbon (BIO), organic carbon in humus (HUM)and inert organic carbon (IOM). Content and proportion of each fraction and
subfraction was determined for analysis of effects of the long-term fertilization relative to treatment. And relationships of each
carbon fraction or subfraction with soil iron-aluminum oxides and input of extraneous carbon were analyzed and discussed.
Result Results show that in terms of content and proportion, the fractions of organic carbon in the upland red soil exhibited an
order of SAOC > rSOC > LOC > POC > DOC and HUM > IOM > RPM > BIO > DPM. Compared with CK, Treatment PM was
17.0% , 86.7% and 86.7% higher in SOC, DPM and RPM, respectively, and Treatment PS was 94.4% higher in both DPM and
RPM. However, the three fertilized treatments did not have much impact on content and proportion of the fractions of BIO, HUM
and IOM. The correlation analysis shows that the fraction of rSOC(IOM)was negatively related to free aluminum oxides in the
soil, but positively with amorphous - iron oxides in content; that POC was ultra-significantly and positively related to DPM and
RPM; that SAOC was significantly and positively related to BIO and HUM; and that rfSOC (IOM) was ultra-significantly and
negatively related to LOC. Conclusion Long-term fertilization significantly increases soil organic carbon in red soil upland, but
the effect varies with fertilization practice. However, the increasing trend levels off after 26 years of fertilization, thus, in the
RothC model, the effects of amendament of organic manure to chemical fertilization on BIO, HUM and IOM appear to be quite
insignificant. In the soils applied with PS, RS or PM, organic carbon is dominated with SAOC (63~2 000 pm) and rSOC (0.45
pm~63 pm)in HUM and IOM. Long-term chemical fertilization amended with PS or PM brings a large volume of carbon into the
soil and significantly increases the proportions of DPM and PRM, while amendament of RS can significantly promote
transformation of organic carbon from DPM and PRM into BIO and HUM, thus improving soil quality of the farmlands.
Long-term fertilization high in organic carbon input and high soil free - aluminum oxides content both accelerate sequestration of
inert organic carbon by soil microorganisms.
Key words: Combined application of organic manure and inorganic fertilizer; Upland red soil; Soil organic carbon pool; RothC

model; Physical-chemical combined grouping

IO A LA Rk, ARG 2 | W 4l
FIRR A% T L4 &, ¥ SOCP KI5 B3 Ml B is P

A HG + A LR ZE ( Soil organic carbon pool,
SOCP ) FJ 2 BLAFE A 0 5 PR + G 0 1 A2 A0

HEILA, ML, fhesrdisk . WER A4k ) HE-
2GRS FE W T SOCP By 4 B 54,

2 Ay 2R vk R SOCP 443 i ik 5 484k
P, RAIRFREFIA SOCP BRI, R
333 mmol-L 'KMnO, %f + 3 3EF7 & L5 , 7T SOCP
53k oy A LR AAR e A ALY B A vk
FEREE HHERURLY R/ SOCP #47434%,
Tiessen Fl Stewart®V¥f SOCP %4y Mub ki (53~
2000 pm ), HUBYKE(5~53 um ), Z0FYKL( 2~5 pm ).,
R (0.2~2 um) FIEFRL (< 0.2 pm ) 0k
SEEA; WAL S H BN R Tk S

BUBRE . B4 A HLER I . AR 3P A HLRR 2 Fi
WA ORA BRI

T A L RAE S W0 SOCP XAk . £
bR O 2 4 B Rl A= 7 A F A e 1, 2 A A
( Century ). ¥#&ZF4HI ( Rothamasted Carbon Model,
RothC ). W& -5rffE LA ( DNDC ) ik & sh &
FE#Y ( CANDY ) 45 SOCP 1 JEl A5 AU AR 10 4 442 1y
H#ar; Hrh, RothC BEAURAUAT A A EUAR
A 7 HURTAE ) 5 A B XA HLRR R 52 ), AT DL
B SOCP ik BPHRARASHT, AT 4RSE ] H HLA K
HIAE Y BCA MLRR 5, 1T ELASE R BT 55 1Y 2 88T 0 ELAS

http://pedologica.issas.ac.cn



5 1 B

PEAE  RKIIBCHERS -5 55 26 00 2188 52 HuAT BLAR J28 2H AR AT 1261

SRS ST Y B R B A A ALk O B T
RothC #RIT] LA SOCP HE—H41 43k . 5 4 fif i1y
5% KBk ( Decomposable plant material, DPM ),
ME 7 i 10 AH ) 5% K Bk ( Resistant plant material ,
RPM ). 494 ¥ i ( Microbial biomass, BIO ),
JE%E ik ( Humified organic matter, HUM ) UL KB
PEAHLEE ( Inert organic matter, IOM ) 1, F 4y
{1} RothC-26.3 R AU 1 AL 2% 148 T S A 2R
+ U R R A LR Y B A AR R E, fUA
GEREAE . WU, Ny 5 WA - 498 rbRT I R e 2H 4
55 RothC A5 B AL 2B 2 Y FH G OG % L /238 ] RothC
TR AL, 5 T SOCP 7% Ak At i P 1-1107

I, A SCUAK ARGt £ AE RS AF (PS ). FFAT
(RS) MFEFE (PM) BYZISES M+ HE N5 M R,
K Y- F IR A 43 4, ¥ SOCP MR 43 h bir
% 63~2 000 um [FHLRA HLEK (CPOC ). ¥tk
ALK (DOC) KA N 0.45~63 pm W41 FURAT
BLi (SCOC ), Jf- FH % BE 3 2H 4 R OB AT ALK
X 43 A EH A ML (SAOC) Si414 HLEk ( POC ),
R A AL 4 BORL A LB ( SCOC) X 43 M PEA
BLIKR (rSOC ) K 5 B AA Lk ( LOC ); #2454 RothC
TRl R 4 53 A HLAK S — 20 4 4325 DPM,
RPM. BIO. HUM X IOM, Jf¥#3ifk 240 3k 15
M A HLERZH 57 5 RothC AU (AR AT OCHE, HR 1T
U C it A 0 s 5 8 20 21 458 52 b AT MLtk 2 4 0
HSEM L B S HLE], 53T RothC AL X 21 HE B o A7
BLAR AR A B D8R S v, BF SR 45 SR T 2L
18 5 b A LI P A B R ROl ) PTG R AR IS %
B .

1 bbR ik

1.1 KHAA TG Hu gt

KR E AR T 1988 AFHE TV 76 4 i
g WA S R G FK BN IE ST 5 ) (28°04'N ~
28°37'N, 116°41'E~117°09'E ). ZHiJ& IV iy 2=
WA, PR ERT 17.8C, FREKE
1758 mm, KT 10°CHIE K 5 528C, oA 262 d.
Bk - MR UL LI 3 A BRI AT . %R
INXFEEE T CK (1/2NPK ), 1/2NPK +4E/EF5FF
(PS), 1/2NPK +F&#f (RS) il 1/2NPK +}£% (PM )

U ERE AR R 3R /N AR R 33 m?, B Ak B
823K, BEPLHES . 1995 4FLARTUEFT 48 A Fih e ie
1B, JRelch—=bA, ZFIRM, 1988—2012 4E (1)
AECRFH 2 WL SCRR[11], 2013 4F oA i 8 42 i A &
WA B SR R ER A, Hh, AU
B S ARR 30% (LN ),
1.2 TEHERRESHE

1 ERE S T 2014 4E7E CK. PS. RS & PM /M X
WHE “S” JERFEERENZ (0~20 cm) 10 A1,
KSRGS G AR 1 kg LA IS,
P AR AT DL AR 2R | A Bk S S AR R AR PR R 250
A B4, i 2 mm 0 SRAFR . HE e
BEAR PRAL P B 2 0L SCHR[11]
1.3 tTEFANBS A

+ A HLBR 434 5 B AE Zimmermann 25O T
B AL ERAE B, BAREER

(1) FRGE 2 mm i /9 KT 145 20 g F 250 mL
P, A4k 200 mL, B 24 h )5, 1
FEAREEREBML (270 rmin') FIRY 2h )5,
Bt ug (0.45 pm ) & 8RR SA HLK (TOC)
A3HTAY ( TOC-L CPH CN 200, Ejut, HAS ) Wl i
fEtEA LR (DOC) &i; (2) ARJE, #HHEEW
BB (XY-100, JEaFH ) hE
%0 63 um W1 F, JFMIK =W 44 3 cm
4b, L 20 min' R 3h 30 min J5, K5k R AT
A R OB B 2 OO E R AR &b R T e
&, HIARARIAR 63~2 000 pm L4 Wik ( CPOC );
(3) F e A R LAY 0.45 pm EREHEST
Fhug, % R AR UE L %) 1 Rt S BT A5 E R
%R 0.45~63 pum WA SR (SCOC); (4) FR
W2 g K%l 63~2 000 wm FHLS A T O 80 & 1)
50 mL ¥R RO R LA 20 mL %% 4 1.78 g'mL™!
LA (Nal) W, fEPATRERGH EIRG
30 min, FELG (5000 rmin') 15 min 5, $&A
FRAHFRSI Y Nal Wt s, JF R hikugat, &
TEPEAR AR B AR H4H 7 (POC); B0 N FR
BA B - SRR S R A vk 2~3 W, HE T EI SRS A
#1453 (SAOC); (5) FREUKLAZ R 0.45~63 pum A4
%53 0.50 g 7 50 mL BURLELLA T, BIA 25 mL ¥
£ 60 g L' AR S R4 (NaClO, pH =28.0),
16 25°C 44 44k 18 h, #&%% 10 min (270 rmin™")
J& . B0 15 min (5 000 rmin™' ), 8 FIER; 5
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HE— i R A B A R B s
LR 53 (rSOC ), HARERERAEE LI 1,

12 mm i KT LR
Air-dried soil sample through 2
mm sieve

TKIFEL

Water dispersion
DOC
FittParticle size<0.45 pm
| 7 Water sieving

J

SCOC CPOC
0.45 um<kiffParticle size 63 um<fifParticle size
<63 um <2 000 um

6%[1NaOCl 41k MR
6% NaOCl oxidation Density separation

LOC rSOC SAOC POC

E: DOC, WiftEA LRk SCOC, ANk HLik; LOC,
SEAMA VK ; 1SOC, TEIEAPLEK; POC, A (WMik&) A
BBk ; SAOC, EAIFHLEK; CPOC, MBI A HLE. TIH. Note:
DOC, dissolved organic carbon; SCOC, organic carbon in silt and
clay; LOC, labile organic carbon; rSOC, resistant soil organic
carbon; POC, particulate organic carbon; SAOC, organic carbon
in sand and stable aggregates; CPOC, organic carbon in coarse

particle. The same below.
Fl 1 3T Zimmermann SO S EUS (Y -+ HEA DL 1Y
I3 R R

Fig. 1 Flow chart of the soil organic carbon fractionation procedure
derived from the Zimmermanns’ method through modification

454 RothC ALK iR Y3 b2 oy 4l R A5 1 4%
404y SOC #t—#%14r DPM, RPM, BIO, HUM
K 1OM, il 3R aniEl 2 fros

G AL ARAR 14 A LR IR A (CN) JeE 5y
#r4% ( Vario EL cube, Elementar, fE[E ) %€,

14 SEELIHNE

i B S E AR (fFe,05). AL (fALO;) R
F DCB (% W4 R £ -Fr G B M - S e R S ) ¥
P, AERRAIER (a-Fe0,). HE AL (a-ALO;)
K 0.2 mol- L' HIFREL 2 whil ( pH = 3.17 ) $EH U,
b AR IO v A A R R Y PR S B O
B & AL (ICP-OES Optima800, PerkinElmer, 35 )
W
1.5 #iEaiE

BAHSANR SR (thm?2, L Cit, FRH) =
ZA B ER (gkg!) x HIHEATE (gem™) x
+2%E (20cm) /10,

ik 7L N

Plant inputs

I
DPM+RPM | DPM/RPM ——> DPM

N
—
7
L—> RPM

HUM+BIO

BIO/HUM
BIO
et o | "
—
PIEE GRS —> HUM
Physically protected
IOM
> o

ety
Chemically protected

[E: DPM, Z/rfnotaysR ik RPM, M5 i AE 5%
kBl; BIO, AWM HUM, JEAEE; TOM, ik
FH Lk, TF. Note: DPM, decomposable plant material; RPM,
resistant plant material; BIO, microbial biomass; HUM, humified

organic matter; IOM, inert organic matter. The same below.

Bl 2 A MBS 5 RothC AR IR 2 ] 14 6 22 1)
Fig. 2 Relationships between soil organic carbon fraction and the
carbon pools of the RothC model

BRS i Hr% ) IBM SPSS Statistics 20 4K
1, #:ERJH Visio 2007 F1 Origin 2018 %, W&
PR 56 R R 15 FOHT & 2215 (SSR ).

2 4 AR

21 KHEBEFESEENIESHEIHRIAE

=g

S5 (1988 47 ) ML, KEPPAEAL A CK
LbFE KPS, RS K PM AbBEAYZTHES M SOC MR
FHINT 143 f% . 150 f% . 1.59 1% ) 1.84 5, {H4%
AEFRRY SOC Bl MAFlm LR EER (£ 1), 5
CK AbFAHLL, PM ALPRfHZIHER M SOC &S
T 1.2 4%, 1 PS A1 RS AFEFEM AN EE (£ 1) .
22 KHBRBEFSEENTERMTIRAS

=g

KWIB i f A S M aEREmd 63~
2 000 um FPR A MK (CPOC) FHA 7.4~
8.5 thm™?, #J5i SOC 4 45.4%~50.0%; {H'5 CK
AbERAHLL, PS. RS, PM AbFEXTLIHE S+ CPOC
AR E (F2). HER2ITLUEH, K CPOC 4
AT E )G, SAOC TLHAH A WLk & &
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F1 KERETLREPSANRSENETL

Table 1 Variation of total soil organic carbon content relative to treatment of the long-term fertilization experiment/ (g-kg')

0 4k 3 G o AR
Year Treatment Content Increment Annual increment
1988 1056 T 4 3.7¢ — —
Before-experiment
2014 CK 9.0b 5.3a 0.2a
PS 9.3ab 5.6a 0.2a
RS 9.6ab 5.9a 0.2a
PM 10.5a 6.8a 0.3a

TH: CK. PS. RS, PM 73 JilZ/m Xt IR | BCRGAE A F5AF | BCAG RS AT M PO ME A% 2EAL BE o [R]85 AH [R) 57 Bk 3 78 A [a] i FE Ak 34 1) &5 — 2 AL
R B E2ES (P>0.05), F[H. Note: CK, PS, RS and PM represent chemical fertilizer, peanut straw, rice straw and pig manure.
Mean values affixed with the same letters are insignificantly different at P > 0.05 in soils the same in soil physical and chemical property

relative to between fertilization treatments. The same below.

F2 KHEEBHAMIIESEENRESHENT

Table 2 Effect of long-term fertilization on fractionation of soil organic carbon in the upland red soil relative to treatment

44 Contents/ (thm?)

ppiil
DOC 63~2 000 pm 0.45~63 um
Treatments
SAOC POC CPOC LOC rSOC SCOC
CK 0.3Ca 6.6ABa 0.6Cb 7.4ABa 2.0Ca 6.3Bab 8.2Aa
PS 0.3Ea 7.0Ba 1.4Da 8.1Aa 2.0Da 6.1Cab 8.1Aa
RS 0.3Ea 7.1Ba 1.0Eab 8.1Aa 2.2Da 5.6Cb 7.8ABa
PM 0.4Da 7.2Ba 1.3Ca 8.5Aa 1.4Ca 7.1Ba 8.5Aa
i Lt Proportion/%
bl
63~2 000 um 0.45~63 um
Treatments DOC
SAOC POC CPOC LOC rSOC SCOC
CK 1.9Da 41.6Ba 3.8CDa 45.4ABa 13.1Ca 39.6Bab 52.7Aa
PS 2.0Ea 41.7Ba 8.4Ea 50.0Aa 11.6Da 36.4Cab 48.0Aa
RS 1.9Fa 43.8Ba 6.1Ea 49.9Aa 13.7Da 34.5Cb 48.2Aa
PM 2.0Da 41.3Ba 7.5Ca 48.9Aa 8.4Ca 40.7Ba 49.1Aa

e G FNG FRER R A [RGB ] W] — B 4 50 A WL E W 25 5% (P> 0.05); [RATHRIRI KRS FhEFRR [ — LA 2~
AR 53 A8 MLBR TC i 2 22 5+ ( P> 0.05 ), R [F]. Note: Mean values with the same lowercase uppercase letters are insignificantly different

at P > 0.05 in content of organic carbon of the same fraction between treatments; Mean values with the same uppercase letters are

insignificantly different at P > 0.05 between fractions of organic carbon in the same soil. The same below.

6.6~7.2 thm?, #5/5 SOC ¥ 41.3%~43.8%, W&
KT POC BRAHAA TG (3.8%~8.4% ), Uil
SLEER L CPOC EZ L SHb R4S & s 2 e Al
RN IIE AT EHEZ s R R GRS T 5
F AT LT 5 S SAOC 1 POC 20 43 A BILIR 75 H 5% i)

AFE (F2).

DOC && M 03~04 thm?, Z5 SOC Hy
1.9%~2.0% (% 2). 5 CK AbBEAIEL, PS. RS Fl
PM Ab BN 2T 3 4 DOC ST E M (£ 2),
1M 0.45~63 um 40k A7 HLAR( SCOC ) F ity 7.8~
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8.5 thm?, #jdi SOC [y 48.0%~52.7%; {HY5 CK
AREEAHEE, PS. RS Fil PM AbBEXT LT 32 A4 SCOC 32
M A 3 (3R 2). A WURRAE A5 8% 6%NaClO % 1k,
AR LR R SCOC 443 X 4 rSOC( Bkt A
Ml ) #1 LOC ( A bl ); Hr, rSOC & &
9 5.6~7.1thm?, #jdi SOC ) 34.5%~40.7%,
FET LOC K S (8.4%~13.7% ). 5 CK AbHiAH
tt, PS. RS J& PM 4bFEXT rSOC A1 LOC &t
Fm (£ 2),
23 KHRERFESEENTESH RothC EE

T FEE 2B R B =2 i)

R STt s A5 288 ) 21 4 52 3 o A3 R
FRARRRE (RPM ) &t 0.9~1.7 thm?, 25 SOC fy

5.6%~10.6%, SysrfffEYIsR Ak (DPM ) &
SOC WILLEILH 0.1% (£ 3). 5 CK Ab¥AHLL, PS
1 PM ALFELTHE R b DPM 5 RPM & &35 i 20
T 94.4%7F01 86.7%, 1 RS AT W E 500 (3 ),

R MR T (HUM) &k 8.4~
9.1 thm?2, #55 SOC (1) 48.4%~56.0%, ¥t
Pk (BIO) BT LGN 1.3%~1.5% (£ 3).,
5 CK 4bHiAHEE, RS ZbHEZTE R HH BIO 5 HUM
di SOC WY L 24 B 3538 fin 1 5.0%, 1 PS 1 PM &b
PRI TC 5 m (43 ),

PEEA PR (IOM) 4 5.6~7.0 thm >, &
i SOC 11 34.5%~40.7%; 5 CK 4bBAHLL, PM,
PS 1 RS ZbFEXS 1OM #Ti E R (55 3 ).

F 3 KHIE A MAB X LLIR 2 3 RothC 2B Rk B 4H 53 B 210

Table 3 Effects of long-term application of organic manure on carbon pool fractionation by the RothC model in the upland red soil

Qb 4 Contents/ (thm?)
Treatments DPM RPM BIO HUM IOM
CK 0.0Cb 0.9Cb 0.2Ca 8.4Aa 6.3Bab
PS 0.0Da 1.7Ca 0.2Da 8.4Aa 6.1Bab
RS 0.0Db 1.3Cab 0.2Da 9.1Aa 5.6Bb
PM 0.0Da 1.7Ca 0.2Da 8.4Aa 7.0Ba
Ab ¥ &S A MUK E 4t Proportion of SOC/%
Treatments DPM RPM BIO HUM IOM
CK 0.1Db 5.6Cb 1.4Dab 53.3Aab 39.6Bab
PS 0.1Da 10.6Ca 1.4Dab 51.7Aab 36.4Bab
RS 0.1Db 8.0Cab 1.5Da 56.0Aa 34.5Bb
PM 0.1Da 9.5Ca 1.3Db 48.4Ab 40.7Ba

24 TEBIBASSRFEUYEENHRER

A= E R HEXME

MR, BEE £FALO, B pyshn, 21k
FHbr LOC % i 3 in (P < 0.05 ), rSOC(10M )
B ) i 2 FEAK (P <0.05), i f-Fe,05 WG i 2578
fb; Ffi# a-Fe,O; MMM, ZIERE P rSOC
(1OM) s W B EHm (P < 0.05); BiFE a-AlLO;s
B g, IR POC HUa N B g (r =
—0.60, P<0.05), 1M f~Fe,05 BB 754k X £ 45 5L 0

FW I TR E I (£ 4), WEINEA LK R
FUE AR AR, 2032 p rSOC (TOM) FL R
BmEE (P<0.05) (£ 4), KIFCHFSF5#%
HYZLHE S DPM . RPM 5 POC #4524 i & A9 1F
FHXIEFR (P<0.01), 25 DOC [BJHITC & E HH &
%;BIO 5 HUM K SAOC ¥R R FEIEMELR(P
<0.05), {H5 LOC [MTCHEFHIKIEHK; 1 LOC 5
rSOC (IOM ) 2 ERMHIRKLR (r=-0.82, P<
0.01) (£ 4),
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Table 4 Correlation coefficients of soil carbon fractions with Fe-Al oxides and total organic carbon input during the year from1988 to 2014
POC SAOC DOC LOC rSOC DPM RPM BIO HUM IOM
fFe,05  —0.37 -0.35 —0.41 0.28 —0.55 —0.37 —0.41 —0.17 -0.13 —0.55
f-ALO;  —0.14 -0.28 -0.07 0.63" -0.68" -0.25 -0.14 0.21 0.24 -0.68"
a-Fe,0;  —0.13 0.18 —0.06 —0.40 0.60" —0.04 -0.13 —0.06 -0.08 0.60"
a-ALO;  —0.60"  —0.29 0.30 0.12 0.25 —0.49 —0.57 —0.15 —0.14 0.25
TSOC 0.46 0.19 0.39 —0.41 0.58" 0.39 0.5 —0.09 -0.15 0.58"
POC 1 0.23 0.05 -0.33 0.24 0.86" 0.99" -0.12 -0.15 0.24
SAOC 1 0.27 -0.43 0.37 0.19 0.24 0.64" 0.61" 0.37
DOC 1 0.28 0.08 0.25 0.15 0.45 0.47 0.08

LOC 1 -0.82" -0.21 -0.29 -0.28 0.38 -0.82"
rSOC 1 0.23 0.24 -0.23 -0.26 1.0"
DPM 1 0.88" —0.17 -0.15 0.23
RPM 1 —0.07 —0.10 0.24
BIO 1 0.99" 0.3
HUM 1 -0.28

IOM 1

T FE 0.05 KW, T 0.01 AE R, TSOC H 1988—2014 445 /N BAUE AA WL A £Fe,0;. £ALO; AIFEAH
18k . EALES ; a-Fe,0;. a-ALO; NAE S A LSk . E 1k . Note: "significant at 0.05 level; " significant at 0.01 level; TSOC stands for

total amount of organic carbon input from 1988 to 2014 in each plot; f-Fe,O; for free - iron oxides; f-Al,O; for free - aluminum oxides;

a-Fe,0; for free - iron oxides; and a-Al,O; for amorphous - aluminum oxides.
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Fig. 3 Effects of long-term application of organic fertilizer on
fractionation of SOC in the upland red soil
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