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Effects of tillage methods on soil carbon sequestration and water holding
capacity and yield in wheat-maize rotation

FENG Qian-qgian, HAN Hui-fang", ZHANG Ya-yun, XU Jing, CAO Ya-qian,
WANG Shao-bo, NING Tang-yuan, LI Zeng-jia
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Laboratory for Efficient Utilization of Soil and Fertilizer Resources, Tai’an, Shandong 271018, China )

Abstract: [ Objectives ] Crop grain yields are greatly affected by carbon sequestration and water holding
capacity of farmland which are significantly influenced by different tillage measures. Comparison of these effects
will provide a reference for selecting suitable tillage method in the area. [ Methods ] A long-term experiment of
conservation tillage had lasted for 12 consecutive years since 2002, the cropping system was winter
wheat—summer maize rotation, and total wheat and maize straws were crushed to 3—5 cm length and returned to
the soil every year. Four tillage methods were set up for the experiment, as traditional tillage, subsoling, rotary
tillage and zero tillage. Soil organic carbon content, soil water content, yield and equivalent yield at different
crop growth stages were measured in 2015-2016, and soil carbon storage and water storage were analyzed at
the same time. [ Results ] Tillage modes had significant (P < 0.05) effect on soil organic carbon contents,
subsoiling and zero tillage could significantly increase organic carbon contents at 0—10 cm soil layer (P < 0.05),
and the subsoiling effect was the most significant. At 10-20 cm soil layer, compared with the conventional
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tillage, the zero tillage and rotary tillage reduced soil organic carbon contents. Subsoiling significantly (P <
0.05) increased soil organic carbon content compared with the conventional tillage in wheat season, and there was
no significant (P < 0.05) difference in maize season. Soil water contents at 0—10 c¢m soil layer of rotary tillage
and zero tillage were higher than those of the subsoiling and conventional tillage in maize season. At 10-20 cm,
soil water content of the zero tillage was higher than other three tillage measures in wheat season. The results of
yield indicated that the subsoiling effectively increased the effective panicle number, grain number per spike
and 1000-grain weight, and then increased grain yield and annual equivalent yield. The zero tillage significantly
(P < 0.05) reduced soil organic carbon of subsoil layer (1020 cm), and reduced grain number per spike and
1000-grain weight, which was not conducive to crop yield increase. Yield of wheat-maize and annual
equivalent yield in two years were characterized by subsoiling > conventional tillage > rotary tillage > zero
tillage. [ Conclusions ] Subsoiling could effectively promote soil organic carbon accumulation and improve
water retention capacity of plough layer, and increase the number of effective panicles, grain number per spike
and 1000-grain weight, thus increasing yield. Besides, the carbon reserves of the surface layer (0—10 cm) and
soil water holding capacity of plough layer were significantly enhanced by zero tillage.

Key words: tillage method; wheat-maize rotation; soil organic carbon; soil water content; yield; equivalent yield
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Fig. 1 Daily precipitation and average temperature from October 2014 to September 2016
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Fig. 2 Dynamic changes of organic carbon content at 0—10 cm soil layer
[[# (Note) : CT—H#i#k Conventional tillage; SS—IR#2 Subsoiling; RT—HEMF Rotary tillage; ZT—5Hf Zero tillage; = _FARFR/ING FREFRR
AbFE] 25 5335 0.05 17K F- Different small letters above the bars mean significant differences among the treatments at the 0.05 level.]
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Fig. 3 Dynamic changes of organic carbon content at 10—20 cm soil layer

[#£ (Note) :

CT—7#&H#F Conventional tillage; SS—I®#A Subsoiling; RT—/iE# Rotary tillage; ZT—# Zero tillage; 1 AN F/NG FHEFRR

AbFRE] 225 5K 0.05 1.3 7K Different small letters above the bars mean significant differences among the treatments at the 0.05 levels.]
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Fig. 4 Dynamic changes of water contents at 0—10 cm soil layer

[ (Note) : CT—HHl#F Conventional tillage; SS—FFA Subsoiling; RT—JiE#F Rotary tillage; ZT—HHF Zero tillage; /N2 35 15 WIHE /K 7EHURE
ATHEAT, WESEIIVE KAEBURE )G PE1T Jointing water of wheat irrigated before sampling, and filling water after sampling; 1 I AR [R]/NE R4k

PH[E] 22 573K 0.05 5.3 /K Different small letters above the bars mean significant differences among the treatments at the 0.05 levels.]
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Fig. 5 Dynamic changes of water contents at 10—20 cm soil layer

[iE (Note) : CT—HH#F Conventional tillage; SS—RFA Subsoiling; RT—JiE#F Rotary tillage; ZT—#f Zero tillage; /N2 35 15 1HE /K ZEBURR
AIUEAT, HESINRE KA BURE J5 54T Jointing water of wheat irrigated before sampling, and filling water after sampling; 1+ A [Rl/NG FhEF Rk

HA]) 2 535 0.05 5.3 7K F Different small letters above the bars mean significant differences among the treatments at the 0.05 levels.]



874 Y E RS R E#R 24 4
F1 HHMERENENE-BEERFTFERHMREZRNE
Table 1 Effects of tillage methods on annual yields of winter wheat-summer maize
FHFEEL (x10* FH/hm?) TR THRLE (g) 774 (t/hm?)
(a7 A Productive ear No. Grain number per ear 1000-grain weight Yield
Crop Treatment
2015 2016 2015 2016 2015 2016 2015 2016
/NF Wheat  FHECT 625.7 ab 640.6 a 37.0 ab 36.8 ab 403 b 414a 7.7b 7.7b
TR SS 650.7 a 6529 a 393a 389a 437a 43.1a 82a 8.5a
Jiedt RT 624.0 ab 638.8a 37.2 ab 37.6 ab 39.9b 42.1a 7.7b 7.6b
Bk ZT 598.3b 576.8 b 342b 33.6b 41.6b 416a 74b 72b
ToK Maize  EH#FCT 6.7a 6.7a 5452 b 552.6a 313.9a 311.9 ab 10.1b 102a
TRFA SS 6.7a 6.7 ab 565.4a 564.7 a 325.6a 3283 a 11.2a 108 a
WERE RT 6.7a 67a 5473 b 556.8 a 311.2a 311.8 ab 10.1b 10.1a
Sk ZT 6.7a 6.7a 526.9 ¢ 531.2a 305.8a 302.0 b 9.0¢c 8.6b

& (Note) : CT—#IE Conventional tillage; SS—##2 Subsoiling; RT—JiE#f Rotary tillage; ZT—4%: 8k Zero tillage; [FFEHE G AF/NG
FAEFOR B EMEZE R (P <0.05) Different small letters in the same column mean significant differences at the 0.05 level.

FETEGEHE. eGP, FEE, PIEE
KA E R EF AR, A, Rt
PEFERLECR TR SEAR B AIC, BRAARSIN T FOK 7
R TRE . 5EGEFHELG, 2015 4/ 2016 4
INFEZEURAN AL BRI HE 7= 2R 53 3R 6.5% F1 10.4%; Jig
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T 1.3%; PARE/INAZ = bEAb 53 ) LU A e B ™ i
FEAR T 3.9% 1 6.5% . 5K 2= PAF TR 15 Gt B bk
FRIBE 7= 2005100 10.9% F1 5.9%; 2015 AR5 B BB
W™ T 10.9%, 2016 AEHERE 5 St o™ 253 518
1.0% H1 15.7%.
232 HME E-RRAERR SN 5 H KR
B i 5 /NAE SR FORFFRL = i 2 AR . FH A 6
ATLAEH, 2015 40 2016 4FPI4AE O BOE 1 Ss TR AL
WM P R AR, 40 22.6 thm?; HFEAR,
43504 19.2 t/hm? F118.7 thm?; gkl 5 Bk 1) 254
PR W TEE S, 2015 LG B . BEEE.
BER AN 77 8 500 LRI BFEIR T 7.9% . 7.9% Fil
15.1%; 2016 4 HIREAK T 7.5% . 8.7% H1 17.6%.
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Fig. 6 Effect of different tillage measures on equivalent
yields of wheat—maize

[ (Note) : 2015 4EA1 2016 4EPIALAETEIA] A ZE w45 AR A A )
AbFR, SRR EIRE . AL . e In 2015 and 2016, the
two groups of column graphs represent the same treatments from left to
right, respectively, conventional tillage, subsoiling, rotary tillage and
zero tillage.]
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R2 ARMESATRE 0—10 cm, 10—20 em £ER. KiEE

Table 2 Carbon and water storage at 0—10 cm and 10-20 cm depth soil under different tillage treatments

fikfif it Carbon storage (Mg/hm?)

JKfif it Water storage (mm)

Fisf 44 sl
Stage Treatment 0—10 cm 10—20 cm 0—10 cm 10—20 cm
IINZZ BT BHECT 11.8b 85a 113b 124b
Before wheat sowin
& TR SS 154a 7.1b 123a 145a
iR RT 72¢ 45¢ 11.4b 12.5b
Bk ZT 164a 8.7a 13.1a 154a
NN BBk CT 173 ¢ 16.5¢ 8.5b 11.8¢
After wheat harvest _—
TR SS 238a 18.8b 13.8a 15.3 ab
R RT 183 ¢ 14.0d 125a 13.5be
ek ZT 202b 20.8a 14.6a 174a
ToRIR A BHECT 169 ¢ 17.0a 18.1d 17.5b
After maize harvest L.
TRH SS 220a 16.7a 21.1¢ 17.9 ab
iE#F RT 16.7 ¢ 104 ¢ 22.1b 17.7 ab
ek ZT 199b 144 b 23.6a 214a

7 (Note) : CT—fl#F Conventional tillage; SS—#F Subsoiling; RT—/iE#f Rotary tillage; ZT—5#F Zero tillage; RIFEHE G A RI/NE
FHREFOR B EME2EF (P <0.05) Different small letters in the same column mean significant differences at the 0.05 level.

&3 LIEBNEKR. AKkEME-EFEEZEREXSESH

Table 3 Correlation analysis of soil organic carbon, water content and wheat-maize yield under different tillage measures

i H Item SOCy, SOCy, SOC,, SOC,, SWCy, SWC,, SWC,, SWC,, Yw
SOCy, 1
SOCy, 0.654%* 1
SOC,, 0.187 -0.136 1
SOC,, -0.176 0.018 0.508%* 1
SWCy, 0.386* 0.297 -0.217 —0.358* 1
SWC,, 0.430%* 0.356* —0.485%* —0.634** 0.842%* 1
SWC,, —0.458%* —0.476%* 0.513%** 0.425* —0.489 —0.684%* 1
SWC,, —0.539%* —0.368%* 0.348 0.472%* —0.352% —0.634%* 0.884%* 1
Yy 0.415* 0.053 0.319 —0.003 0.084 —0.026 0.115 —0.020 1
Yu 0.241 0.323 —0.018 0.411* —0.027 —-0.101 —0.144 —0.087 0.550%*

I (Note) : SOC—HHEAMEK; W1, W2, M1, M2 435I1FERZ A FEKM 0—10 cm, 10—20 cm +)2; SWC—HIES/KE;
Y —2/NEP R Y — E IR+ R HIRORTE 0.05 ZKE ORI . 0.01 AKF (BUI) - BEEFHE SOC—Soil organic carbon; W1, W2,
M1 and M2 — 0-10 cm, 10-20 cm soil layers in wheat field and maize field; SWC—Soil water content; Y,—Yield of winter wheat; Y,—Yeild of

summer maize; *, ** indicate significant correlation at the 0.05 level (bilateral) and 0.01 level (bilateral).

%, W 0—10 cm L2 ALK 10—20 cm A HLEK S
. 0—10 cm L)EHKES 10—20 em H )2 &K E
SRR B (P <0.01) AHOC KGR, RUIAFRBHE
I7 2N [F] = 2 K & 2 s e R — B, N R
0—10 cm +)ZB WK S 0—10 cm, 10—20 cm +JZ

FrKEEA B (P <0.05) FIEAHSEIER, 1020 cm
+EAHBRIE 10—20 cm H)2H{KRERE (P <
0.05) IEAHIG, 7EF K ZE LHEA LB & 7K &= 1 AH G
Ptk B2 (P <0.05) 3 3% (P <0.01) K, &
4 S ML & s 3 RE I o IRk PERE . NEE
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Z= 0—10 cm HEANBR S /DNEFEBEE B (P <0.05)
EAHK, EKZFE10—20 cm )2 AHKYE B K 5
R (P <0.05) IEAHG, FIRERE FORFERHNKZE,
AR K o3 Z5 T - 38 BLRs X VR 4 1 8 42
NGNS

3 i1

31 HEARNEZE-FERAFEREREHLIEHE
(0—20 cm) B S 2R

ARV T 200 22— E fe Ve B2 30 HLk
R, ARG AR EW, Ry ERE
e HHEA MR AR, XHEE SE—ZE A [ Y
HBRSCREEI W, MR EABHIREZN . 1%
AL LR m . BRI AE 8, TRAAREAE B
B AR, X R B PR
B3 (P<0.05) MEIMVER- . BEOMERAATIE T H 35
2, BKEA, WD T TR R L T,
PRTMEAKEN, GFHFREFEYRRAE KA
R, PR R BAR G AR RCR T, (BREE AR TR 2
W, SRR E B A [ A S B Y 25
0—10 cm )2, HBALEIRAT Bsh 18, MRE S
JERE N, $REE WA, BRAK T A A P
ey b, HHEAHRERZZBHHERD®, X
5 Kushwa MR G R —3, MR, LSBHR
T EMESER, BT REATERAE S Y Bl AR
Bl I MG 2 B8 RN H 0 A, i AT DR
FARo2n, ek BE 0—10 cm 2 A HLER & B2
2N, RWA/NEREFE IR E (P<0.05) KT #
B, FORBAT RT3 (P <0.05) = TE#E. B
S DO P WUy R B E S N L T
A MR LA B, (B K T A PRIk
AR, iR E CO, HEBOE ey, BEAT T A ALER Y [
o XT 10—20 cm +)2, T HHEEIE N,
FEAF FAR R BRI /D . AR F A BB G A, A Bk
FHEANT 0—10 cm + 200, ZHAEHEE RS, hE
BE L BRI AR )2 1 5684 52 B W o FAs 4 % 1A
B, P22 R SRRSO AN B B, LR
EFEE BT, REAEFRY, MR
AL & (A T AER I, BRI 7
FEAEWT, TTRER BN IR T AN ZE A K AR A A5
WA, RS RA DARER ERE, AHLRA
o fif A, A LRI 85 R R A IRT
wL NI, I T A PRk, #
PR AL, EEORT IR R 2, BIESK

walwE, E TARRER M RS . R
WS, ARG R Az B — o BB R AR
FHOKREAL, HHEYRGHGE, AR S R,
32 #MEAXXEZE-ZEAERIERE (0—20 cm)
TIEEKERF

TR E R R R K R B AR SR
—, B2 HHOK S XE AR R B A
YRR, SEGHHEMEL, R ERERE R
B, Wb IR, B g oKE, IR EK
PRI RIS /BN, WINEZRFHZE
KWW, SR E 0—20 em + 2 SR EBIAE T
G WIRE, XTEEH PIERIGT NI R 244
PB4 BB B T R SEAY AL )2, [l )2 1 4
o TEAS, BT RN ROK PR R EETT,
MRS T H3EE KB S5 AHR, il T %) 4 4
FPesh, GBEMFSFFE SIS T kR, W
BT REMEERE, PNEER HE=AHE, Em
PRVE R I e, AR, bk Ia7EE
T, AREEEA RN I £k /& i R KR
ORI, A, BT A s G A s T
53| VAN =] T = vy A i 7 N =S 17 2 o B
-2 Kt i T = A A B, X — IR L ROk
FH RN . DR /NE A R IARE MR, M+
BT SRR AR, Gk R R A KR
THOREERORE, SHHERIE R HIESKEZERA
20 Verhulst SN G INAS FHib 2R 4E T i
1o K Ay, TR R I KA 50
mm Db, SER T VR A KO R I R K i %
W, X nTREAE ARG & A R R T AE o TRAS A PR
Xt 22 B2 09 OR KM O e B A B R i AE oK
=, WNWERFITHHZ KA, TR R R E +
S SARE] . SRR PERE IR B . KA B B R
o BWISFEPRETEIAE , SIS FF A M4 B F +
HoKAr FBAM R FIL, 8K TEY A K
FEK &, MRt , RAED KR H
L, WEREEKERM, EHEZ SR R
Ko FORFHEHEALHE + B 3 Sk e, AR
Tt R KR AEF R EINAKAE T . 515508
BEAE L, DR SR e RS AT ik 5 XA e
FIE KR ERC, RREBMAH, EREEFHY
10—20 cm 2 F/KEMLF 0—10 cm +)Z, 15X
JEEO R AR . A ISR KNG 22
VEI ARG B . R . T ARCRTIBURE Biof [i] 45 11 52 1
AN PR RIS K R s, R R T KT
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HORERT, TSI NNR T Z 5, 2 B R R
BN K AT TR BRI A B
WL, iR, TR ] Ak
W, MRS . 25 BRI, BRSOk EAZ
FATN . T DB S ORIt (DS i 2 6, HLE AR B
BEOERE . IR GOKPEREDL T EIPE, XET R
RGN
33 #HMEAXWEZ-ERERBAFE~EMEMN

e R = R A = e W E R, AR
PEBRVE LR B[R = i i s e . A IR R
TRAAYETIN T VYA ROFEE . FRORLECR TR E, AT
BN T NG R KRR R R AR R A X 4 4
IS A Rl TR ABRMRARAERKEE, R
[E) Py AL X 55 S D BRI T /K A I B 2, B R AROK
PERE, (EIEEY R ZE £ 1K 7y, $2m7K R
ROR, MG =g, EAR Gk RE RIS 1A LAk
WAL, FICH Ty, (BURT HIERZ, Gkt
P S+ HOE AR 2, AR TFEYRR T
S, M -SBEY T . BT R,
G AL G RSN T 4/ NS TR Y, BHE
75 2% # v SRS ) DX sk i A 5 () e LA S [ 1) 5
NP, A TE R AL ER AR A A TR K
KR FHRCR 3 S, A SCZ TS 8 s R
= RN, TR BEA & RS R 4 2
5, R A AR N & LR,
DA BBV BE B9 AN TR] o AR AL 3L/ 22 R0 R OK 7 1A
FEIBE, A B2 EEA B (P<0.05) 25, #
BTN, BERRIAES T B R R AR T
Y e LI T S BB, A/ N2 PR i
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(52t R 25 52
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W3 (P <0.05) ¥4I T 22— F JRAFSM = 5, ekl
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RN A L B Ar 3 7= 8k . W, R4 R R
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1) Z - E R VR HAFE A DL & 22 HHE 7 g
W, SESEEPHEE, R RHFRERE (P <0.05)
HOM#EZ (0—10 em) A HUBK & = B AG =, f*
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2) WA AT, b, BERFRRAR T ) 41
WIFE s, (R 2 2R FFER AL D 9% T 1 HEK 43 1 2%
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R AL PR PR Y 5 T Ge fit

3) TR BEXE IR D 0 ROREA . R EIORT TR
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