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Abstract: [Objective] Tillage management has essential effects on soil organic carbon (SOC) and total nitrogen (TN). Based on
a combined soil aggregate size, particle density and size fractionation method, the study aimed at revealing effects of different
tillage treatments on SOC and TN of physical fractions within different sizes of aggregates. This study provided theoretical basis
for understanding mechanisms soil carbon and nitrogen sequestration and selecting optimized tillage management for loess hilly
region of China. [Method] The long-term tillage experiment, started in 1999, was used for the study. The tillage treatments
included: reduced tillage without mulch (RT), no-tillage (NT), sub-soiling with mulch (SM), and conventional tillage (CT). The
soil samples from the 0-10 cm layer were collected to obtain physical fractions, including free light fraction (LF), coarse and fine
particulate organic matter (cCPOM and fPOM) and mineral associated organic matter (m-SOM) within four dry-sieving aggregate
sizes (>2 mm, 1-2 mm, 0.25-1 mm and <0.25 mm), by applying a combined soil aggregate size, and particle density and size
fractionation procedure. [Result] (1) 15 years application of conservation tillage (including NT and SM) significantly increased
SOC and TN contents in 0-10 cm layer. Compared to CT, NT and SM increased SOC content by 22.9% and 21.8%, and increased
TN content by 35.2% and 42.3%, respectively. However, RT had no significant effects on SOC and TN contents. (2) Different
tillage practices changed the mass distribution, SOC and TN contents of aggregates. Compared to CT, NT and SM improved the
mass percentage of 1-2 mm and 0.25-1 mm size aggregates, relatively, increased the mass percentage of >2 mm and<<0.25 mm
aggregates. Moreover, conservation tillage enhanced SOC and TN contents across four sizes aggregates. Compared to CT, NT and
SM averagely increased SOC content in aggregates by 8.5% and 9.5% and increased TN contents by 12.2% and 24.1%,
respectively. The fPOM and m-SOM stored largest parts of aggregate SOC and TN, constituting 27.3%-45.1% and 25.0%-52.6%
of aggregate SOC, 23.5%-34.7% and 42.2%-64.3% of aggregate TN. Different physical fractions had different reflects to tillage
managements. The cPOM and fPOM were the most sensitive fractions. Compared to CT, NT and SM led to higher contents of
SOC and TN accumulated in cPOM and fPOM in all aggregates, especially cPOM in >2 mm aggregates and fPOM in <2 mm
aggregates. [ Conclusion] The long-term conservation tillage (included no-tillage and sub-soiling and mulch management)
promoted SOC and TN sequestration in aggregates by increasing the storage of physical protected particulate organic matter in
aggregates. Thus, the conservation tillage was a sustainable soil carbon and nitrogen enhancement management for dryland soils
for the loess hilly region of China.
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Table 1  Soil physical and chemical properties before the testing

pH Bt 2% i el BHRE 5w B CaCO; WURIZLRE, Partical size (%)

SoC TN Total P TotalK  Available N  Available P Available K  ( g-kg'1 D) Bk Bk T oy
(g'kgh (g'kgh (g'kgh (g'kgh (mg-kg™h) (mg-kg™) (mg-kg™) Clay Silt Sand
7.7 6.67 1.1 0.69 18 82.5 6.1 139.5 113 14.3 74.8 10.9




2 RS KBRS & T e AR S WL B i 337
p— fraction) , TN % i 76 24 S5 047 BLBR VG i
Aggregates (g'kg” fraction) , Mp Ai%%5 45 0 Fi & 14 70 b
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msaUn | | s | | PSR A R =R LUES Sl
Coarse POM Fine POM e -
*ePOM oM ass"gf‘;eodhi‘OM 2 4
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Fig. 1 Schematic of the applied size and density fractionation ESE 15 SR PERME CELFS NT Rl SM Ab#E) i

procedure
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/(T
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XA, SOCe Ky G A M AR 1A HLBR IR JE (g kg

e T 0—10 em £JZ ) SOC FRAMER (K 2) .
[d] CT ALEEAHLL, NT A1 SM 4LFE(K) SOC & &7 4
=T 22.9%F1 21.8%, SOC fifi - ilem 7 21.8%A1
16.7%. SRIFFUHRIAILL, 15 400 NT f1 SM Ab#E
T SOC fiti & B3GRy, [ B 253 54 0.094 F
0.061 t C-hm™a™',

AL, KIHORIPERE S = T TN 5 2 e fiti i
L CT #tt, NT F1 SM AFER) TN S&E0 58 s T
35.2%%1 42.3%, TN fii &5 mildem 1 34.0%H1 36.3%.
ANTR] A B PR ] A R 3 O AR, U B R T A X 4k
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Table 2 The contents and annual sequestration rate of SOC and TN in 0-10 cm layer under different tillage treatments

P LE: SOC && SoC fE& FREBER TN & TN & FREEER

Treatment SOC content SOC stock Annual C sequestration TN content TN stock Annual N sequestration
(g'kg™) (t C-hm™) rate (t C-hm™>a™) (gkgh) (t N*hm™) rate (t N-hm™2-a™)

RT 7.35b 8.46b -0.078 b 0.67b 0.77b -0.057b

NT 920a 10.86 a 0.094 a 0.96 a 1.13a -0.032a

SM 9.13a 10.40 a 0.061 a 1.01a 1.15a -0.030 a

CT 7.49b 8.92b -0.045b 0.71b 0.84b -0.052 b

W TFUAYII SOC fi il 9.55 t Chm™, 04 TN £ Bk 1.57 t N-hm™ e Bl G ARl /NS FREFOR A MBHEALBEIR 22 57 2% (P<0.05). R
The initial SOC stock is 9.55 t C-hm™, TN stock is 1.57 t N-hm™. Different lowercase letters mean significant difference among different tillage treatment

(P<0.05). The same as below
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=0pA 0]

BIEEE, TRAE 2 9407 >2 mm, 0.25
—1 mm F1<<0.25 mm Figh, F&bv R AR BRI
89.9%—85.1%, I 1—2 mm ki 2% BSR40 AT i b, AL
A 11.1%—14.9% (£ 3) . 5 CT #tk, 15 4EM NT
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B KB AR & 5, $Emla B o o 25.2% F
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AR, ALY, SM AR T 1—2 mm A
0.25—1 mm R IRBIRE S &, Zlis 9.1%F
16.8%, LT <0.25 mm ki gk (A& E. RT &b
PR A T >2 mm KPR & &, B CT AbFi4
T 19.7%.
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®3 ARMELBTFRARGHREEIE
Table 3 The mass percentage of aggregates under different
tillage treatments

s FAB4AARTS R Mass percentage of aggregates (%)

Treatment 5 ym 12mm  025-1mm  <0.25mm

RT 3553 a 11.11¢ 2471 ¢ 28.65b

NT 26.19 ¢ 14.87 a 3146 a 2747b

SM 27.53 be 12.95b 3148 a 28.04b

CT 29.68 b 11.88 ¢ 26.95b 3149 a
10

[ 2 ERT @NT @SM ECT

HZ AR PR i

SOC content aggregate (gkg™)

>

LS}

mm 1-22mm  0.25-1 mm <0.25 mm
[ AA R Aggregate size

AR, >2 mm. 1—2 mm 1 0.25—1 mm 7%
1 SOC && PN 5.7, 6.0 M 5.4 gkg, k<
0.25 mm T IR A E H 4.8%. 9.8%A1 9.5%. L CT
AL, NT a3 5 T B bi g A1 3R 4R 1) SOC & =,
SEHRE T 8.5%, hF 1—2 mm ki 2% [ S AR 4 v
K, 15 15.0%. SM AL ERAR 3 = T T4 R0 44 1 2R A
1) SOC &, VI mE T 9.5%, Xf>2 mm %k
SOC & & M4 =M@ B 5 K, 18 13.6%. RT AL EEXT P
ki 2% B 54k SOC 358 35 58 i,

BRI TN & 52 B ERDRLIL I o 6]
T CT 4b#, 1—2 mm HIZARR TN &sfm, xS
T NT F1 SM, <0.25 mm 5 A 511 TN 7 5 5 e (A
2-b) . 5 CT#HLL, NT Hl SM &4 7 >2 mm Fl
<0.25 mm KiZ BN TN &5, fHA<0.25 mm
KL i B K, 20 A 2 35.3%F1 47.1%. RT At
PR R T >2 mm. 1—2 mm F1 0.25—1 mm $iZ%
KERAR TN &8, 5 CT ML, 2B FE T 21.1%.
20.3%H01 21.1%.
2.4 KEHAFRMEXEARARNEINRES S =R

ANV FEAL 53 1) SOC 55 8 B i 4143 (H ik 15 R
oAk (A3) o HE 3-a. 3-b. 3-c. 3-d
Al UL, fPOM F1 m-SOM 4143 (1) SOC & &8 i, 43
H1.2—1.8 Al 1.3—1.8 g-kg™, XPIFHLL 411 SOC &
i H BEA R AR R8N i, 1 LF F1 cPOM (1)
SOC FEEM, 25 h 0.5—12 0713 gkg'.
NT 1 SM AbFEe w1 P R A R & LF-C.
cPOM-C Fil fPOM-C #1552, X m-SOM-C M/

N
T
TN content aggregate (gkg™)

>

LS}

mm 1-2mm  0.25-1 mm <0.25 mm
[ AR Aggregate size

NE PR IR AR O FI B AL BRI LA, RS T BHRRAHR A BN R SR AR ] L. AN BERORZE R 2 (P<0.05) o FIH]
Lowercase letters denote differences between tillage treatments in the same size class of aggregate, likewise uppercase letters denote significant differences
among aggregate size classes in a single tillage treatment and, different letters mean significance at 5% level. The same as below

2 AEHERET DIRAREHBNK () FI2EEE (b)
Fig.2 SOC (a) and TN contents (b) of aggregates under different tillage treatments
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ANRHE A KE, *T>2 mm HZ4, NT H SM kb
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B4R, NT Fl SM ALBEX] fPOM-C IR THIE & e K, £
1—2 mm BZ AR 73 il4 & T 39.2%41 30.7%, 11 0.25
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Fig. 3 SOC contents and relative contribution of density fractions with aggregates under different tillage treatments
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K 4-a. 4-b. 4-c. 4-d 7 IL, m-SOM 41453+
TN &5 (0.30—0.45 gkg™), Hvk ol fPOM(0.14—
0.32 gkg') , LF (0.05—0.14 gkg') 1 cPOM 1
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(K 4-e. 4-f. 4-g. 4-h) . 5 CT ALk, NT #1 SM 4t
PRAS 5] R R b 4% v T P AR B SR AR ) LE-N
cPOM-N Al fPOM-N it &5 L], JUHJE>2 mm H15
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Bl;  [FI K T m-SOM-N [f1LLAl.
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