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Effects of long-term different fertilizations on organic carbon fractions
of macroaggregates in Anthrosol
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2 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract: [ Objectives ] To characterize organic carbon fractions within macroaggregates in arable soils and
understand mechanisms of soil organic carbon sequestration and optimize the fertilizer management.

[ Methods ] Soil samples were collected from 0—10 cm and 10-20 cm layers of a 35-year long term fertilizer
experiment in an Anthrosol in Yangling, Shaanxi Province, and organic carbon (OC) contents were analyzed
within the macroaggregate size fractions (coarse particulate organic carbon referred to as cPOC, fine particulate
organic carbon referred to as fPOC, intra-microaggregate particulate organic carbon referred to as iPOC and
mineral associated organic carbon referred to as MOC). The fertilization treatments were 1) Control, receiving
no fertilizers; 2) NP, receiving chemical nitrogen and phosphorus fertilizers; 3) M, receiving organic manure
alone, and 4) MNP, receiving the combined application of chemical NP fertilizers and organic manure at the

same rates as treatments NP and MNP. [ Results ] The long-term application of chemical fertilizers (NP) had
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no effects on the OC contents of any macroaggregate size fractions. However, application of manure alone or
combined with chemical fertilizers greatly enhanced cPOC contents by 174%-338% (0—10 cm) and
215%—-245% (10-20 cm), iPOC content by 127%-241% (0—10 cm) and 106%-130% (10-20 cm), and MOC
content by 28.9%—-34.6% in the 0—-10 cm soil layer. Moreover, application of manure plus NP significantly
increased fPOC content in the 0—10 cm layer by 482%. In addition, OC contents of all macroaggreagte fractions
were significantly and positively correlated with cumulative C input, especially for the iPOC content. These
results indicated that the differences among fertilization regimes in OC sequestration occurred primarily in the
physically protected OC fractions contained in macroaggregates. [ Conclusions ] Application of NP showed no
effect on OC contents within macroaggregates, while application of M treatment could increase OC contents
within macroaggregates, and MNP treatment significantly enhanced OC contents within macroaggregates,
especially for iPOC content. Amendment of organic manure, alone or in combination with chemical fertilizers,
could increase soil organic carbon (SOC) storage. Our data indicated that the combination of organic and chemical
fertilizer is the most effective practice for increasing SOC storage in an Anthrosol.

Key words: chemical fertilizer; organic manure; Anthrosol; intra-microaggregate particulate organic carbon

(1IPOC); mineral associated organic carbon (MOC)
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Table 1 Rates of manure, N and P in treatments
of long-term experiment

U U P
Year Fertilizer types cK NP M MNP
1980—1986 M [t/(hm?*a)] 0 0 150 150
N [kg/(hm?*a)] 0 240 0 240
P [kg/(hm?-a)] 0 52 0 52
1987—1990 M [t/(hm?-a)] 0 0 75 75
N [kg/(hm?-a)] 0 240 0 240
P [kg/(hm*a)] 0 52 0 52
1991—1992 M [t/(hm*a)] 0 0 37.5 37.5
N [kg/(hm?*a)] 0 240 0 240
P [kg/(hm?-a)] 0 52 0 52
1993—2010 M [t/(hm?-a)] 0 0 36 36
N [kg/(hm?-a)] 0 240 0 240
P [kg/(hm?a)] 0 52 0 52

# (Note) : M—AIHLIE Manure.

R 2 2 0.99% ~4.02% 1 0.12%~0.51%";
1994 4F- 28 2000 4, FEAMAPUIEEHIE. 43 X4
PR FEZE, HP AR S 558 13.8%.
10.4% . 16.5% F133.6%, FHN 4% & &40 5] R
0.55%. 0.38%. 1.03% Fl12.01%; 2001 4EFF16,
R3S, o (A BLRR RN 4 S B A R A3 ol 2
15.4%~44.0% F1 1.06%~2.90%,
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REFEZENIEARGHRERERR <1 cm /bt
Yo, i 8 mm i, SISRAEYIRAFIABRESY), AK
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Fig. 1 Physical fractionation scheme
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2 19802015 FEIFRBELIEFHRMEE . RNHEBRAE . FHBRBANEMEBRIE
Table 2 SOC storage, cumulative C input, annual C input and C sequestration efficiency of plough layer soils
after 35-years’ fertilization

e A HLBRAEE SOC storage (t/hm?) SR A= AR AR [EIBRACR
Treatment Cumulative input Annual input Sequestration
1980 2015 ASOC (thm?) (t/hm?) (%)
0—10 cm
CK 10.61b
NP 11.70 b
M 17.18 a
MNP 16.79 a
10—20 cm
CK 9.09b
NP 9.14 ab
M 1138 a
MNP 11.30 ab
0—20 cm
CK 16.95 19.70 b 2.75b 23.59d 0.67d 11.66 a
NP 16.95 20.84 b 3.89b 51.97¢ l.44 ¢ 7.49b
M 16.95 28.56 a 11.61a 104.89 b 3.00b 11.07 a
MNP 16.95 28.10 a 11.15a 144.98 a 4.14a 7.69 b

7 (Note) : CK Je NP AFRRRAL A K BERSFTRIERAE, M K MNP AbFRBSE BEFIAHUIE, y=0.081x +0.791, y— SOCfi##H
W, x— BRMRBA R, R2=0.81, P<0.01. FFHIREAE/NEG FRERRGBLE 251K 5% B3 /KF. Cinput in CK and NP treatments

from crop straw and residues, those in M and MNP treatments from both crop and manures, y = 0.081x + 0.791, y is SOC storage increment, X is

cumulative organic carbon, R*>=0.81, P <0.01; Values followed by different lowercase letters in a column are significantly different among

treatments at 5% level.

Y Bk A AR 4H 4> (microaggregates occluded in
macroaggregates, MOM), i Ho )3 BBl 43 51 Ky
40.7%~52.0% K1 42.1%~54.0%; 1 A2 {4 AHL
KA ALK 3 (cPOC) 4 i L Bildse 2>, 4 il F
3.2%~8.8% #12.9%~8.6%. 1 MOM #4143, DIz
Pl A WAk 2 AR I S A R AR R B4 43 (s +
c_m) S AR He il e, 7E 0—10 cm )2 A8 E 75
M 34.3%~45.6%, 10—20 cm )2 A 725 I8 35
37.0%~48.1%; HUZAZ YA 1 KA R AR i
VA B A4 PN 5k A BILRR 2 2 (iPOC) (6.2%~9.0% Fil
4.9%~5.7%), A 32 PR3 I 40 UKL A AL 4 53
(fPOC) 73 #i le Bl e/, £ 0—10 em + 205
0.2%~0.7%, 10—20 cm /25 0.2% (% 3).

T 0—10 cm £ 2, [A] CK AHEHL, NP 4b3X}
cPOC. fPOC F1 iPOC 414315347 L5 JC 5 2 5%
{HJZ M Fl MNP Ab 3813 5 425 cPOC Fl iPOC 441
) o A LB, G WE 43 308 145.0%~179.9% Fi

37.8%~45.9%. i H. MNP AbFf i #4255 fPOC 243
B ], & CK Y 3.5 /5. 934k, KIImtiIEY &b
T T P B AR R BB LA (40 A EL ), B R A
18.1%~32.9%, At 3 P I 25 S M R4 43 1) 43
AL, FEIEIR 21.7%~29.2%.

16 10—20 cm +)2, 5 CK ML, FratiAtib s
YI¥A W50 cPOC ., fPOC 1 iPOC 443 Ay 4347 Fb
B, {0359 100 2 B v ke AT SR AR rhoR R 4 3 1) 43 AR L
B, AR 21.7%~30.2%, [FI 3 RG2S 0
FORLZ i oA LU, FEIETR 13.5%~28.7%.

2.3 KHIFEHHARKER &S EEDWEN K

[=]

el

PSRN S e o e o =2 = LB | NIZI B LN RS
A LK 5 DL iPOC 5 MOC A%, HE
cPOC #4141, i fPOC Al 45r-ie/b (K1 2). 5 SOC fifi iz
AL RAFARDL, 0—10 ecm + )2 HHER P BIA 454
AN S EE T 10—20 cm + 2 (81 2),
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=3 KHIFEAE 0—10 cm 70 10—20 cm T EHIRAFARKHBNKESEEN T (%, wWw)
Table 3 Weight distribution of soil macroaggregate fractions in soils separated by physical fractionation at 0—10 cm and
10-20 cm layers in each treatment

MOM (0.053~0.25 mm)
piszil cPOC T4 Heavy fraction s+c f MOC
Treatment (> 0.25 mm) fPOC POC s+om (<0.053 mm) (<0.053 mm)
(> 0.053 mm) (<0.053 mm)
0—10 cm
CK 32c¢ 02b 62b 343Db 56.2a 90.5a
NP 4.1bc 02b 62b 45.6a 44.0b 89.6 a
M 7.7 ab 02b 85a 40.5a 43.1b 83.6b
MNP 8.8a 0.7a 9.0a 41.6a 39.8b 81.5b
10—20 cm
CK 4.6 ab 02a 49a 37.0b 533a 90.3 ab
NP 29b 02a 49a 459a 46.1b 92.0a
M 8.6a 02a 53a 45.0a 40.9 be 859b
MNP 8.0a 02a 57a 48.1a 38.0¢c 86.2b

7 (Note ) : cPOC—EKZIAP AYHLTIUKI A HLEK Unprotected coarse particulate organic carbon; MOM— K 15 A& i 1 o A 38 &
Microaggregates occluded in macroaggregates; fPOC—AZZ M W ANURI A Pk Unprotected fine particulate organic carbon; iPOC—3Z 43 {4
Y K R A TR A SR A P B0k A5 AL Physically protected intra-aggregate particulate organic carbon; s + ¢_m—f# SRR B Bk A HLER
Chemically or biochemically protected organic carbon in silt and clay within the microaggregate; s + c¢_f—Ii# & M ZRIA HLE% Chemically or
biochemically protected organic carbon in free silt and clay; MOC—3ZAk2Em A Wb AR T R S AA R, el s+cm Ml s+c fIRE
F4 1, Chemically or biochemically protected mineral associated organic carbon, it is composed of s + ¢ m and s + ¢ _f; [FFIEIEE AFE/NE 71
Fen A B8] [R]— K AR 43 22 53K 5% W& 7KSF- Values followed by different lowercase letters in the same column indicate significant
differences among treatments for the same macroaggregate fraction (P < 0.05).

5 CK ML, i NP X R R BRI D45 BE b, AHREE R AR K A TE iPOC 443,
HA AL 5 A W R, A ALE (M T MNP) L
WL 4 2 cPOC 1 iPOC & &t, cPoC ki 3 W
BT 174%~338% (0_13°m) M215%~245% 44 KEAAR EIREAE X IR BN E F AR
(10—20 ¢cm), iPOC FE#m T 127%~241% (0—10 - -
cm) 1 106%~130% (10—20 cm). i H. MNP ZbHfIE #Hﬂﬁ Egﬁﬁfﬁjgﬁj u@i%ﬁm?‘iﬁﬁﬁg% ’
b . e _ ANt IR RS 4 SOC s AN, Ju 2 A HUIE
RFERE 0—10 cm L= fPOC 5 i (482%), M Al A NN ot
MNP kb3 5 E 45 0—10 cm +J2 MOC &, 43 MR T S 0¢ ﬂ@% E\%ﬁﬁzﬁ[ . fﬁﬁéﬁ%
RS T 34.6% Fl 28.9%, {HJE M Il MNP b Fii HOL AIXEARIEM 7 IR L 424
%t 1020 cm +J2 fPOC Fl M#OC Er A BEVLGRAEI SR Gt X1 SOC it L 5300 3% 5
) ” TIX 8 53— K E I 1 25 AR T2, AT RE
° 2 R A 6 K DOk /Ui F s AIG, T
2.4 KEARGHEAIBNBREEIRZNBIRN  gppr., g oUe sy LR T 56 2 RmRE,
BHXR WATT 2 8 SOC B ft, #5— S RO ALAE RS SOC fi
AMERNH BR KA RIK A GRS B B mE R . SOC it g 5 SRR A&
5 2R A & 2 B IEA R (P <0.05) (K 3), # B (2 2), X5 Kundu ZCIRAFIT 45 R A1
Wi LA DLBRAE & B RAR A S h A A KA o, flfi e & BRAEER EE VD SOC & 078 4k 5
RUEKH D, BIHITRRRRGEWNZ IPOC A HABZEGFEDENLIELR (R7=0.988, P<
(0.023), HKJE cPOC 414> (0.012), ifi MOC 414+ 0.05), FEEHZASHTSE IR A4 S 45 4 H5 K 9s g [ A
(0.007) A1 fPOC H 4 M RHHE I (0.005), BEHIFE  AHLEK,
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121 ¢poc O 0—10cm 12+ wpoc
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C
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0 . . . . . .
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