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Abstract: The objectives of this study were to investigate the profile distribution and accumulation characteristics of
soil organic carbon (SOC) and total nitrogen (TN) under different tillage treatments, and further to compare the
effects of sampling depths and calculation methods on the evaluation of SOC and TN storages. Two field
experiments were established at the Shandong Huantai (5 years) and Hebei Luancheng (17 years) sites. The

experiments included three tillage treatments (with residue): conventional tillage (CT), rotary tillage (RT) and
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no-tillage (NT). Soil samples were collected down to 60 and 50cm depths at Huantai and Luancheng site respectively.
Soil bulk density (py) and the distribution of SOC and TN concentrations were determined. The SOC and TN
storages were calculated by the fixed depth (FD) and equivalent soil mass (ESM) methods. The results showed that
soil depth significantly affected the soil py, the concentrations and storages of SOC and TN (P<0.001). Compared
with CT, NT enhanced SOC and TN storages in the top layer, and increased the stratification ratio (SR) of SOC and
TN concentrations, though the SR value of SOC at Luancheng site was not significant. RT (cf. CT) increased the
storages of SOC and TN in the top layer and the SR value of TN concentration at the Luancheng site. Specifically, at
the Huantai site, the SOC and TN storages under NT were 29% and 30% higher than that of CT in the 0—5cm soil
layer (P<0.05), but were 8% and 10% lower in the 0—60cm soil profile. At the Luancheng site, the SOC storage in
the NT and RT was higher by 10% and 14% than CT; but there was no significant differences in SOC and TN
storages between tillage treatments in the deeper profiles (i.e., =20cm). Due to the varied soil p, between the
treatments in the surface layer, the FD method overestimated the SOC and TN storages in the NT soil at the Huantai
site, but underestimated them at the Luancheng site. Therefore, to accurately assess the SOC sequestration induced
by tillage conversion, the ESM instead of FD method was recommended to calculate SOC storages together with
the " deeper sampling " strategy (=30cm). Our study implicates that although conservation tillage has positive

effect on soil quality, the potential for mitigating climate change through SOC sequestration should not be

overestimated.
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Fig. 1 Vertical distribution of soil bulk density under different tillage treatments
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Note: The error bars represent least significant difference (LSD, P=0.05) for comparison among tillage treatments at the same depth. NT

is no-tillage, RT is rotary tillage, CT is conventional tillage. The same as below.
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Table 1 The effects of tillage, soil depth and their interaction on the soil bulk density, concentrations and storage of SOC and TN

ZAE Bulk  LEEANBORE  ARURE TN TEEEN G AR TN

density SOC content content SOC stock stock

16 £3 Huantai P Tillage 0.026 0.002 0.011 <0.001 <0.001
+ 2 Soil depth <0.001 <0.001 <0.001 <0.001 <0.001

HHEx L2 ¥ Tillagexdepth 0.209 <0.001 <0.001 <0.001 <0.001

2534 Luancheng HHE Tillage 0.119 0.734 0.338 0.824 0.619
1 JZERBE Soil depth <0.001 <0.001 <0.001 <0.001 <0.001

HHEx T 2% Tillagexdepth 0.573 0.005 <0.001 0.111 0.048
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Fig. 2 Vertical distribution of concentrations of soil organic carbon (SOC) under different tillage treatments
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Fig. 3 Vertical distribution of concentrations of total nitrogen(TN) under different tillage treatments
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Fig. 4 The stratification ratios(SR) of SOC and TN as influenced by tillage treatments
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Note: Stratification ratio (SR): The SR value of the soil sample in Huantai, Shandong is the ratio of the carbon and nitrogen
concentration in the soil layer of 0—5cm and 50—60cm, and which in Luancheng, Hebei is the ratio of the carbon and nitrogen
concentration in the soil layer of 0—10cm and 30—50cm.
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Table 2 The storages of SOC and TN in the soil profile under different tillage treatments(Mg-ha %)
L7345 & (5a) Shandong Huantai (5 years) MILZEsE (17a) Hebei Luancheng (17 years)

AbE Sofdfpth ] 5 VR PR ¥ SR R I 5 VR FEE ¥ S E

Treatment FD-based stock ESM-based stock FD-based stock ESM-based stock

e socC ™ Ne/® TN socC TN SoC TN

NT 0-5 10.07a 0.89a 9.87a 0.87a - - - -
RT 7.75b 0.70b 7.75b 0.70b - - - -
CT 7.64b 0.67b 7.64b 0.67b - - - -
NT 0-10 17.43a 1.53a 17.13a 1.50a 20.01ab 2.10b 20.01ab 2.10b
RT 15.33a 1.41a 15.32a 1.41a 21.52a 2.33a 20.72a 2.25a
CT 15.41a 1.37a 15.30a 1.35a 19.12b 1.95b 18.25b 1.85¢
NT 0-20 27.08ab 2.38ab 26.39ab 2.31ab 35.96a 3.86a 35.96a 3.86a
RT 25.08b 2.30b 24.89b 2.29b 38.19a 421a 3731a 4.12a
CT 29.48a 2.6la 29.48a 2.6la 37.60a 3.90a 36.67a 3.78a
NT 0-30 35.11ab 3.11ab 34.45b 3.04b 47.66a 5.15a 47.67a 5.15a
RT 32.52b 3.01b 32.34b 3.00b 50.75a 5.52a 48.77a 5.32a
CT 39.32a 3.51a 39.32a 3.51a 51.53a 5.39a 50.22a 5.22a
NT 0-40 41.85ab 3.80ab 41.10b 3.72b - - - -
RT 38.86b 3.66b 38.68b 3.65b - - - -
CT 45.86a 4.18a 45.86a 4.18a - - - -
NT 0-50 48.12ab 4.40ab 47.37b 4.33b 64.07a 6.89a 64.09a 6.90a
RT 44.64b 4.29b 44.53b 4.28b 67.74a 7.32a 65.82a 7.13a
CT 52.44a 4.82a 52.44a 4.82a 65.57a 7.08a 64.23a 6.92a
NT 0-60 54.68ab 4.99ab 53.65b 491b - - - -
RT 50.62b 4.85b 50.54b 4.85b - - - -
CT 58.56a 5.43a 58.56a 5.43a - - - -

T R IZIREARN . AN TR A P AN R B AR B R 22 57 3% (P<0.05).

Note: Different small letters indicate the significant difference between different tillage treatments at 0.05 level.

HL CT B 7%; TN fig &R A 485~
5.43Mg-hm 2, NT ALBEH CT BEK T 8%.
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NT=CT. HH, PHEAEEZ H] SOC fif = AL iR A
19.12~21.52Mg-hm ™, RT % CT &bHIEIN T 13%;
TN %A IEE ) 1.95~2.33Mg-hm >, RT % CT
AEFEHIIN T 19% . X1~ B 33 i (4r 0-20. 0-30
F10-50cm), FD tH 5 7774143 SOC Hl TN fifi f AL 3

Z ¥ RFE S, EHA TR (0-50cm), HE
T FD %1 SOC fifi & & 4k J5 [l 4 64.07 ~
67.74Mghm >, 1 TN fif B AL 3G Fl N 6.89 ~
7.32Mghm *. AL, L ZRAE G AL 2RI AR
STV IR IR, R R V0 AN TR B A 4 it
N4 SOC Al TN fif EBATHT LU, 12 REFREE
SOV L BRI S A TR TE
232 FETAERERLIME SOC 1 TN fifife
P& EVE (ESMD AR + 2 0E
N SOC 1 TN it W& 2. A FEEGRE S, XK
£ 0-5em K= HIEN, AFRPHERE T SOC fl TN
it B ARk #4545 6 0 4 NT>RT=CT. ', NT 4b
HE CT ) SOC F1 TN i i3 2 1 29%F1
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30%. XF T 0—10cm H1fi, Ab¥EZ 1) SOC Fl TN fif
W 255 o R e 1 A CHP 0-20.0-30+
0-40. 0-50 F1 0-60cm), AS[FEHHESE 2 8] ) SOC
A TN fif w4 #4345 CT>RT=NT, CT=NT. LA
KA 0-20em FIAH], NT 4FEE: CT (1) SOC
FTTN fifg 20 B FEAG 10%F0 1% 2% L8 S HEA T35
i (0-60cm) I, ESM yAiF5 M SOC fifmArfkiu
4 50.54~58.56Mg-hm >, NT 4bFiEL CT MK T
8%; TN A LG H K 4.85~5.43Mg-hm 2, NT 4t
FELE CT FEIK T 10%.

H 2 ], AR B2 IS i (172), ASFB
Y5 AL R 2 (0-10em) IR A E . 7
0-10cm + )2, J&T ESM 7A1T511 SOC F1 TN fifi &
B % ) NT=RT>CT, NT=CT. EAkii=,
L5 CT #HLk, NT 1 RT 42 SOC fifs &4 A3 n 1
10%F1 14%, TN fifi =70 AN T 14%H1 22%. % &
FIE PR EHIE (Al 020, 0-30 A1 0-50cm) Y,
AL 7] (1) SOC HI TN fif - Ab 3 2 ) 1) 0 B 2%
ZESt . HIEHEA IR (0-50cm), FET ESM ¥
[t SOC it T A4k [l N 64.09~65.82Mg-hm 2, fij
TN f# R EHE K 6.90~7.13Mghm 2. % EJT
W, RIS E R (ESM) 41 SOC Fl TN fi#
I, SRR EE R G AR P 2 a) A 3 DA 45
FELE R
2.3.3 WU VEEE IR E A

e ARG AL, [ R B (FDD)
NT 4bH R SOC F1 TN fif & Wg & T 55 3 J ik
(ESM), HBEERFEREE MR (R 2). RS, 16
0-5. 0-10. 0-20. 0-30. 0—40. 0—50 FI1 0—60cm |
[+, FD V8 ESM V43 il =il SOC fif & 0.20.0.30.
0.69. 0.66. 0.75. 0.75 H! 1.03Mghm 2, 4%l
TN f&&=H 0.02. 0.03. 0.07. 0.07. 0.08. 0.07 F
0.08Mg-hm >, ZEJTILZSIAR I 51, Tkt
Wi AR [EIBFE AL B (7] SOC A TN fifi & 1) 2 Sk
7F 0—-10cm 12, FET FD vE7HE NT F1 RT A2
SOC fig & bk CT 4b PE 4 5 # n 7 0.89 Fl
2.40Mg-hm?, ifif ESM i H 5L [0k 22 5240 ik 1.76
A 2.47Mg-hm 2. ] FD AR T %k (NT) ab3
7E 0-10cm T Z KLY, (5 CT ML), FD L
ESM VG4 T 0.87Mg-hm 2. % & 31 5 v - 138 30 1
(=20cm) B, FJH FD L5 NT F1 RT 4B

SOC fig 5 CT Ab# ¥ 2 {5 40 W b —1.64 Fl
0.59Mg-hm™> ( 0-20cm ) . —3.87 F1—0.78Mg-hm >
(0-30cm). —1.48 1 2.17Mghm > (0-50cm). T3k
T ESM ¥E1HE R SOC filis, )22 753 IA—-0.71
M1 0.64Mg-hm > (0-20cm). —2.55 Fi—1.45Mg-hm
(0-30cm). —0.14 1 1.59Mg-hm > (0-50cm). [,
RI#7E 0-20. 0-30 A1 0—-50cm #I1fiH, FD yE g A%
THHH SOC ff e (5 CT MIELED, ARAHRE 7 5
4 0.93.1.32 F 1.34Mg-hm 2. 762457 (0—50cm)
PRIV RT ARER M By (5 CT AR
ZERARK, 1E-0.67~0.05Mg-hm > [X |,
3 HitEitit
31 itig

DA /b #F 0 S B Sk AR 1) R A 1 WA AR B K AR
W BV K R BEARAE FEHBEN R 53 4 i
LML TERE, CrEEE. INER. BRI
KA XA 32 N, Rk R AR Y
PR AR R R AR T SR, R
PERHERER 1S 0 SOC fifi AT AE A e Ik, L[ B
NIRRT SRS I R IR %
KA, T RERZ BRAR R RV 5 U
R N i o R <5 | U R X AP R A =
T RFEUR BE RN S5 106 AN VRS R 1 33 40
fiti S VPAl &5 R 152

RAFFLEE R, A6 1L AR A A S O B
5a Ji, RBFEEBIN T SOC A1 TN ZALL%R, i
ALYk 17a AR50 sUh BRI In T TN )24k
tb#%, SOC EML RS EAEE . XA SOC
TN 7E - J2 38T (09 20 AT R 50T B2 el T
VEJ7 3T 3 SO 3R Bl B RS FF 4 A7 1) 22 S 3t
U, SR S (CTD, MERSFT B ML A BB
R AT 5] (0—18em) o 4 TR HEHAE R 4,
RT Ab3AE Be A HLAE AR 5 1 384k 2h AN BR il 45 R 2
(0—10cm), 1 NT LbF A5 FFE S AE LR, INEA
/N RV TFOK BB b I S - e AT R b B« O
+IEABURZ AR (SR) HE# PR + 35 i &
AR bR 0, ST AR 3 ASBERE E AR5
gh R, AR B AL B 1 e AR R SR M
TR AT, JF H AN 52 A 3R RS Atk
wLr st Gt RIUBFSTR I, AR RS
1T SOC K erimtEm 4 4011 SR A, T-HemarS LAk
SRS g b, ATFSTIN, SOC J2 R %L
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KAFGREEATT 5057 5 DR VR - 38 U & (R AL 4 2R <9 -

BhN5 SOC [ 3 5 Fins 5 ol 1,
TEARTFH, RFFRSE 525 5% 0 3E75 F . SOC
Al TN WZERMEE (P<0.05). 3 HLERMKEERE 1
JEUR BE R 3E Iny BEAG, =R N 3R 2R AE D ik vk A
YRR RIS X, FEDEshH, AHIT SOC
R RPI2 ghah, e RR S Sa B h (B
FER I A8, BLRitHE SOC F1 TN fif &4 LL ESM it
5 0-5cm LZ9 NT 4H4: CT BEH T SOC
TN fig 5, 0854 29%A1 30%. HE—L % &
F] 0-10cm A1 0—20cm FIHI, NT M1 CT 4bPE [H]
SOC A1 TN fiti g o i % 2= 5 . {HAE =30cm (1) i
(0-30. 0-40. 0-50. 0—60cm), WFH{RI PEREEALL
P (NT A1 RT) ] SOC F1 TN fift 44 i ZAL TAL 48
FIFEAEFE (CT). L 0—60cm #I1 K%, NT 1 RT [¥)
SOC fi#if bt CT ALF 4 HIBEAK T 8% 14%, 11 TN
R DIEAC T 10%F1 11%. EWALZESEES: 17a
FIPHEIRL S, RT A CT &M T 0-10cm
+)Z SOC #1 TN fiti s, HGIE 7304 14%H1 22%. i
7£=20cm FIH A (0-20. 0-30. 0—50cm), AN
PHERS i 7]/ SOC M1 TN i LB &E xR, Bk
SRR, MV BT AR S5 SOC Fil TN fi
HARL, ARAUOGE TRZ 15, B2 T
R T RS D 22, HE 2 S EU RS L,
PRI i 25 LR A T 1 . X — W BT
g7 10 T B3 5 Meta 208 (157 AR
B a0 TR T SR A P E R E R R L (R
0—20cm, 7KH 0—15cm) FIRERRIE DL, A 5AEGHY
PHAHLLEL, ek e iR FTik Y B2 gm 7 SOC
ORIEDS BEpI BT e S {7 R W A= S ) Q1]
FAPUE. AR 5. R dfEd, IR
TR R, AR R X, Hu 250 R B
Pl D AL AR R B IS SOC 512K B 5 KR IR
FES PO, £F 0-10. 0—-20. 0—40. 0—60 A1 0—100cm
HITH SOC fil 543 HIH1K 19.1%125.1%4+30.6%+36.8%
H137.9%. FEPENARIBEAE 77 20 358 [ B 8 I
Du M, RFERE S D BAEEAAE (=
30cm) o HE T LY 3 ANKIFHHE @ 7 56 (15~262),
Boddey 201 L 100cm 358 51 1 1 G bF ] s 2 45
FZ (0-30cm) BN T 59%. JeT AAFER LI 1) 7L,
b T 40em!E 100emPIANEE, T IPCCRY
LRRAEIRE N 30em. 45 EPTIR, SRR L5
Wi B A 8 it 55 3L B O AR 5 T e R R

g R EE N E, ES MR HRE T REEM.

BEERE 6T SOC AT TN il B S g 1T 55 RFf
RSB IS NI ASE B N B B S M <
AR GRE A, FDATHEM NT 42 SOC A1 TN
it BN = T ESM VL, HANRERAFERFE RIS A 2 572
HARIT S, # 0-5. 0-10. 0-20. 0-30. 0—40. 0-50
F1 0—-60cm H[HIH, FD ¥:%: ESM =il SOC fifi &
29 A 020, 030, 0.69. 0.66. 0.75. 0.75 Al
1.03Mg-hm 2, %5 FD ¥: 44 SOC il fRY i 1 J5L K]
E S e S 890 T 0-5em A1 10—20em 12 3%
FAT K X B AT SOC FI TN figs Ak i T
T, WA RBPHER G SRR R
AP, et bEI, mT s,
AEMA, AR UT,[R] ae e i R 45 R
REE R IR E R, HEMS K T bk g [ kv
X—ghigth e g R > P palm 2
RIL, £ 0-30cm +2KA, FDLHHE M4 SOC
fil S LL BB = 4Mg-hm 2, 135 T ESM it 5 (kb fik
B A 2Mghm 2. Ak, FET Meta 2047, Du
2GSRI, FANERE 0-30cm )2, HET FD ikit4f
(S b I K % (0.300Mghm >a ) BEmE T
ESM VLS4 5 (0.141Mg-hm a™).

FETT AL BRI 5 i, P FPE 7 R S A
[ RHE AL B2 5] SOC I TN JFE 1) 2 5% o 78 0-10cm
+JZ, 3T FD iEFTTHE NT Al RT A2 SOC fiti &
EL CT 4bF143 5390 T 0.89 H1 2.40Mg-hm 2, T ESM
VEFESEAY I 1.76 F1 2.47Mg-hm 2. $18 FD BG4
TAHERZ 3 (0-10em) BB (5 CT M,
5 ESM EM LT 0.87Mghm 2. FJE S H K+
el (=20cm), FA FD ¥LFT7S NT Al RT Ab#
] SOC fik& 15 CT AbFE(K 224 4> % h—1.64 AN
0.59Mg-hm™> (0-20cm ) . —3.87 F1—0.78Mg-hm >
(0-30cm). —1.48 F12.1Mg-hm > (0-50cm). TMjH:T
ESM ¥k ik 5 1 2 5 43 5 5 —0.71 Fl 0.64Mg-hm >
(0-20cm). —2.55 F1-1.45Mg-hm > (0-30cm). —0.14
H1.59Mg-hm > (0-50cm). Kk, BRI % RE £ 5 %
0-20. 0-30 1 0—-50cm H[fI, 1%%5 e R BB
T Sl SOC fil ke (5 CT LI, BRATIE 43 5
7 0.93, 1.32 Fl 1.34Mg-hm 2. 3X—45 B4 W 4L Sg
SR PE T IARANG T S i L RN . TR LR,
S 17a A RZE (0-10cm) IR HEF
AKX, ZHERME KRR ERER, K21
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SRR CdrEEs BY, AR P,
TR LIS, AERC. Rk, 7ERYERAE
REE N et BIEFR R, NEAL T % SOC fi#
o 1M ESM VRN a] UK 1E Ab BE 2 [0] H T~ 25 E5 4% S 1
SR IR E M, MR UER v B AR
P S Cln BRI 7 0B SoC R e gy
it B (A g1 239,

HASHE H B, e VPASAS [ B R 1 1
B R AR, 75 ER B R R AR A 5y
o AWEGEH, I ZRAE G TR AL 2 S A 2 R
B a e B R RS, Du S R B,
FAATXT R SOC FEAR {b 3 15 R BE R 7
R G, A% S 0-20em 1 )2, 3& T FD VA M1 ESM
EatE O SOC AR A 4y i 0395
0.128Mg-hm >a™'; X+ 0-30cm FITH, ik
A4k 0.30 1 0.41Mghm 2a 'y B F |
0—40cm FT, PR IS SOC FEARALE 43
k7 0.287 1 0.415Mg-hm *a ‘. Hu Z w5 £,
75 0—40cm 1222, LT[l 52 R PV o Ik - R 7
KA L SOC Al TN #i2k, {HIE 0-60cm A
0—100cm | T A AH S o IR L, “YRZRAFE” 3R
WA RE PR LIEA EA R (GHE RAEERE) B
HE R RIPPAl O 2

WK, LS P A AR Y B R
(climate-smart agriculture) HE&UY, sif L 10
HRS I CInBE. FEAR. 1RV RS N 44
WA S AR e, R RIS AE SR R GRS
oo DL Gl A AR (0 PR M B T B s 1
HomeE . deRpAR AR R RIS, 1
NS A A R R RO A R P YA I R R
17, ASHFFUA Palm 2 U SIS, /> G s
SESOM JZ b, BEME s TR, 1w
FERIZRIER, 1M L5 BEA T TH (9056 i e A S
P2 Ft, Y EREE
3 AR R i, L 3 [ B R B 45 i
32 it

G I SOC F TN £ 333 i v v 2 )2 4k
I mERZE (L ARMEE S 0-5em. T Jb 28 3k 5
0-10cm) SOC Fl TN f##. HIEHEHRLZN, h4R
FEEIREE AUE =30em FITH, PIRP R HERHE AL HE )
T A At S R T AR B, T b 28 58 s e
=20cm H ], AS[RIFFAE AL ER 2 8] (1 h S it 200 0 3%

ZESte hh, ARG “RERIER” il TS
MK AP EE SOC AT TN fifidt, (HAEIILZRINIR
6 AARAL o PRI, A HER VRS AN R B 4 B it
IR R AR O, HEREAE R RAET IR
W TR ] (=30cm), A SR R S L
PRI PEBHE T % 3 HAT AR A, (B3 E
it SOC B R Z2 M TR ASAL K1V ) AN Z A Al
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