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Effect of Soil and Water Conservation Tillage on Soil Carbon Balance
in Black Soil Maize Fields
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(1. College of Agriculture and Hydraulic Engineering, Suihua University, Suihua 152061, China
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Abstract; The soil erosion is severe in the cultivation of black soil slope farmland along the slope, and
the soil organic carbon content is decreasing year by year. Aiming to investigate the effects of different
soil and water conservation tillage techniques on soil carbon balance in maize fields on black soil slopes,
a runoff plot experiment was conducted. Conventional tillage ( CK) was used as a control, and six
comprehensive management techniques for slope farmland were set up, including contour tillage (CT),
ridge oriented field (RT), deep scarification tillage (ST), contour tillage + ridge oriented field (CR) ,
contour tillage + deep scarification tillage (CS), and ridge oriented field + deep scarification tillage
(RS). The dry matter mass and carbon content of various organs of maize harvested under different soil
and water conservation tillage techniques were observed, the incremental of soil carbon storage, CO,
emission carbon, and soil erosion loss carbon in maize fields were synchronously monitored, the net
primary productivity (NPP) and net soil carbon income (NSCB) of maize fields were estimated. The
results showed that the total carbon sequestration of maize plants was 10201. 93 kg/hm’ ~ 12 357. 34 kg/hm’
and the carbon sequestration of each organ in descending order was as follows: grain, stem sheath,
leaf, ear axis, and root. The NPP of CT, RT, CR, CS, and RS treatments was significantly higher
than that of CK treatment ( P < 0.05), which was increased by 20.28% , 11.55% , 21.68% ,
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16.55% , and 7. 95% , respectively. However, there was no significant difference between the NPP of
ST treatment and CK treatment ( P >0.05). Ridge oriented field, deep scarification tillage, and their
combination mode would increase the total CO, emissions of maize fields, while contour tillage and

contour tillage + ridge oriented field can reduce the total CO, emissions. The CT treatment had the
highest NSCB, at 1 402. 29 kg/hm*. The NSCB of CT, RT, CR, and CS treatments were significantly
higher than those of CK treatment ( P <0. 05) , while the NSCB of ST treatment were significantly lower
than those of CK treatment (P <0.05). Overall, the contour tillage management technology model was

the best, with the strongest carbon sequestration capacity. The research results can provide theoretical

reference and technical support for the protection and management of sloping farmland in the black soil

area of Northeast China.

Key words: maize fields; carbon balance; soil and water conservation tillage techniques; black soil;
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1.1 KIEXHER

RIET 2022 4F 5—10 A, 7E 9 ERMF B 1S 22
o W B el O Bl WO ) ST VA Ry A )
RS T BT HEBDEZR AT (47°37'N,126°84'E) | J& i 7
KB 2 S A AR 38R 1 ~2°C AR = 500 ~
600 mm, JC 75 3 130 ~ 140 d, K T 10°C A S iR
2400 ~2 500°C , H BEAT%L 2 600 ~2 800 h, i F %
At AR B A DX R S RRAZ L 7 X T[T 5 7K
FHR X, SR 2,550, R L RCR T
1000 v/ (km®-a) , VA&V FE 2. 27 km/km®, B FH
80% , W BkHL H 90% LA Y HHEKEHIN B A 0 ~
20 em HHEILREEALPERR WA 1,
1.2 REigit

RIS HE T 45 MR 22 1) X H R ERAA R LA B 41
GB FAT AN AR B R VE R R (9 28 4 Ik b
FOR RIS, LLH BUBEE (CK) 1R X i BE 4
SERAAEE(CT) ZB1 X (RT) HARBE (ST) (A5
PHE + 22 X H (CR) FEm#FHE + TRIAHF(CS) (28
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Tab.1 Physical and chemical properties of 0 ~20 cm soil foundation
S8 o AR AT, &R MR WAL, EBEEERLL B L
B % (g-kg™") (g-kg™") (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
BEH  6.39 3.67 1. 64 0.96 21. 10 182. 43 51.24 201. 62

6] X+ BRI BE(RS) %5 6 Rl Bk 275 A 3R B A
B RIS AE RS T2 2 FroR, AR 7 b,
B AR /N X A & /N 100 m® (20 m x
5m) SRR 70, MAARAR /N IX 22 8] DL K it AR
ARBETE AR R 1 m, e B 0.5 m, B4~/
DX BB B — N BRI 51 KR K B R ™ AR 1 42
TS5 A LSB — SL1 %K 4 % 26 [ 3 W il &
i, MHCATFRAR , AT WK P
FEKRFRGEAE, BT RS Rl 15637,

FhAEREE N 5. 67 x 10*#k/hm? ,2022 4E 5 J1 10 H it
FEAE 5 H 14 HiGFRh 6 A 25 HIBKE,10 A1 H
WCHK T KR FH ) 4 B R it A 7K P55 224 M A4
— 2, AR &R 250 kg/hm? ) B RE i FH & K
90 kg/hm” , A AL Jiti FH 2 A 120 kg/hm’, & E 4% 3
NE TS LA 12 253, W HE AR IE 43R4 S 00
—RPERA RIS IRE (N &5k 46.4% ) W
B2 5 (N &8N 18% PO i 46% ) FITRER AR
(K,0 &4 58% ) /E ALK,

&2 HE/PRIKEAAEIET

Tab.2 Treatment design of field plot experiment

b AbHA B VISLyrEaY

CT S bHE BERF + S5 AL 28 BEHFARIE 12 ~ 16 cm

RT ZE1 X H HEBE + I L 28 + HUPY , BEHFARIE 12 ~ 16 cm, T 6 AR EARBEE HAT 5, 240240 75 cm
ST TRIABF VRIS + WERE + WU 28 | RAN TR BE 35 ~45 em, JEHHARE 12 ~ 16 em

CR SR #HE + 2 XH R + SR g2 + SUR  REHHARE 12 ~ 16 em, T 6 AR EAKBILF HEATHS , RIFELZ 75 em

cs R BHE + TASHE TR + BEBE + 2R TRIATRIE 35 ~45 om, BEHHARE 12 ~ 16 cm

RS + BERE + IR 28 + SRS PRAATREE 35 ~45 em  JEHFIRIE 12 ~ 16 em, T 6 H R F KB AL 5 BEA TS, $4
2975 cm

JRERE + U 28 | ERHARE 12 ~ 16 cm

RS 2B X + EIABE

CK BB

1 AR E

Fig.1 Layout plan of runoff community
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1.4 EXRSFMREFNITE
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SR AT R R I A DL BT A S oK
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TR R AP 1 (NPP) $2 SCHk [ 21 ] 5 ¥t
=N = K= W)
NPP =NPP, + NPP, + NPP, + NPP, + NPP, +
NPP, +NPP,, (1)
KXrf NPP—E KR ) kg/hm®
NPP——F KRG RI A 77 1 kg/hm®
NPP —— F K ZER L 7 77, kg/hm?
NPP,——F K0 (35 AL ) ¥4 4%
7777, kg/hm’
NPP,——F K FE A 9 7= 77, kg/hm?
NPP, —— £ R KPR 7 1) kg/hm?
NPP,——FE K5 W N 8 75 W) v ) 9 2 7
J3($% T K BBk = 5% FEAT A
%:[22] ) ,kg/hm2
NPP,,——FKAF B AR 2 50 W 05 41
A7 (EKRAYR R 4 W itk A
AR B AH 2 TR B AR R
B ) ke/hm?
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p— IR CO, % (1. 997 kg/m*) |
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h——FF A R m
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(2)
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P— iR
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E =0.01 x24 x
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[ X G ] 3)

i=1
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1y —t—5F 0 KRG | + 1 YRR a] ARG, d
1.6 EXHIEREEIEE
ok H g A R A
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ASOC—F K M - HEsfif B34 & kg/hm”
H—+ZEE JHE20 em
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1.7 STEmBEETE
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NPP,=NPP, + NPP,, + NPP,, (5)
S B H - EAEY) R G P BRI AR T O, B
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CO, HEUE &) L kg/hm?
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Fig.2 Daily variation of temperature and rainfall

during maize growth period
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Fig.3  Dry matter mass and carbon content of different

organs in maize plants

2.2 EXREHKERET NPP

Bl 4 F AR B R FHE R R T FoRIR 5 4l
B & Bk 5, KA AR B Bk & b 10 201.93 ~
12 357. 34 kg/hm” (FLIGUK AR FFBHEF A CT RT,
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19.57% 11.26% 4. 62% , H:rh CT &b S8 Rk 2[5k
HAR, N 12 198.26 kg/hm®, 44 /K H AR5 B
HR CR ., CS RS AbPHAR bR S [ i 5 CK Ab 343 5]
WA 21.13% .16.05% 7. 85% , H:+ CR 4b Bf E >k
R R B [ Bk i B K, M 12 357. 34 kg/hm®, E KUK
ARG RERAS 2% B [ e it AR B/ IMRR A FFRL 258 |
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Fig.4 Total carbon sequestration of maize plants and

carbon sequestration of various organs
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CR.CS.RS 4B NPP & & i F CK AbH (P <
0.05), Z» %1 34 Jm 20.28% . 11.55% . 21.68% .
16.55% \7.95% ,1fi ST AbPREY NPP 5 CK AZbFEZ [7]
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K3 EXRSBVRESN

Tab.3 Net primary productivity of maize

kg/hm2
pOsL] NPP) NPP,, NPP

CT 609.91° 731.77° 13 539. 94°
RT 567.51% 639. 02" 12 556. 720
ST 533. 66" 583.67" 11 790. 60
CR 617.87° 722. 28" 13 697. 49°
cs 591.99° 688. 84° 13 120. 61
RS 550. 13 599. 63" 12 152. 40°
CK 510. 10" 545.06° 11 257. 09¢

VE V9 R )5 A BRI 22 5 3 (P <0..05) , Rl
2.3 EXHCOHMBEERHBNEE

Bl 5 AR SRR ERAR T £k H CO,HE
GE R, AFEK SR EROR B CO, HERO 3L
2 YRR, F& AP AR B CO, HER M & 5%, £ %
KFERNEEE 50 K(7 H 2 H), E£KH CO,HEm B
B0 AN IEE, Hoh ST 4B o, HE i E B ok
(403.15 mg/(m*+h) ) ;RT ST .CR.CS RS 4 CO,
HEGH 53 CK AR 21 43 50 38 hn 11. 26% ,93. 69%
12.50% 13.43% .63.72% , CT 4t B CO, FE il i &
B CK AbFFEAR 16. 26% , 1E FKHFERIEEE 71 K (7
A 23 H), EKH CO, HE B 2 A 0g(E, Hr
ST 4bBE CO, HEIGHE 2 2 K (654. 26 mg/(m’ +h)) ;
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Fig.5 CO, emission flux in maize fields
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Fig.6 Total CO, emissions from maize fields
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CS Ab3 K H i A 3 i S (E 25 T CK b3
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Tab.4 Net soil carbon budget of maize field ecosystem

kg/hm2
Lh¥E NPP, ASOC C, c, NSCB
CT 2073.45" 165.48°  792.89°  43.75°  1402.29°
RT 1845.55" —127.45" 1187.77" 213.14>  317.19"
ST 1701.00% —-357.43° 1745.55" 280.98" —682.96¢
CR  2062.43* 54.49%  864.37°  62.35° 1 190.20"
CS 1969.67 —114.84> 1178.88> 191.31"  484. 64"
RS 1749.39% _—144.85" 1439.20® 234.51® -69.26°
CK  1600.22° -286.57° 1102.43" 361.76* -150.54°
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R ECHEBEWMEM  EEA LS 5
(0 o e, E Ry 498 o B 1) B B A, B ANY
A SR EEORIE, 'S5 N P & e Z G
Ak Y1 AR O, ) B 25 52 ) 4 398 25 4 R K
R RACEB A X A MU AE R (1,26 x 10 1)
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FEVER AR T B B b 6 2K S - A e 5
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