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Effects of Planting Methods and Tillage Systems on
Soil Structure and Water Use Efficiency
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Abstract; Based on a 9-year field experiment, the effects of tillage systems on water-stable aggregate
content, soil organic carbon (SOC) content, wheat yield and soil water use efficiency ( WUE) were
investigated under the two planting methods ( wheat continuous cropping and wheat/maize rotation ) in
dark loess of Weibei Highland. The results showed that the content of water stable macroaggregate with
diameter lager than 0.25 mm (R, ,;), mean weight diameter (MWD ), SOC content, the aggregate-
associated organic carbon of all size classes and water use efficiency ( WUE) under wheat/maize rotation
were mostly higher than those under the wheat continuous cropping in 0 ~20 cm soil layer. Compared
with the conventional tillage, the measures of no-tillage (NN) , subsoiling (SS) and no-tillage-subsoiling
(NS) mainly increased soil R, ,s, SOC, the aggregate-associated organic carbon of all size classes and
the contribution of soil organic carbon in water stable macroaggregate with a diameter lager than 0. 25 mm
to total soil organic carbon (Isoco ) in 0 ~10 cm soil layer. In the soil layer below 10 em, the SOC
content of NS treatment was increased, and the measures of NS also increased soil R, ,s, the aggregate-
associated organic carbon of all size classes and [, , in soil layer of 35 ~50 cm. Compared with the
conventional tillage, the measures of NS increased wheat yield and WUE significantly, by 14.25% and
19.30% for wheat yield, by 24.98% and 9.89% for WUE in wheat continuous cropping and wheat/
maize rotation, respectively. Generally, compared with the wheat continuous cropping, wheat/maize

rotation was more beneficial to improving soil structure, increasing SOC content and WUE ; and the tillage
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of NS was the most suitable measure for the local soil conditions.

Key words: planting methods; tillage systems; water-stable aggregate; soil organic carbon; water use

efficiency
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1.1 HRERHER
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Tab.1 Physical and chemical properties of tested soil before beginning of experiment in 2007

T2 A L 2R e 2 i i TR R

HHE/ LR Pig:i

WigE/ Bt/ JFi Rk L/ JF i He/ J i He/ JF A b/ JFHk He/ JFdk He/ ’ i
-1 -1 -1 -1 _1 1 _1 (g'C“f}) B/ % e

cm (g-kg™) (g-kg™) (g-kg™) (gkg™ )  (mg-kg™) (mgkg™ ) (mg-kg™)

0~10 7.4 1.35 0.62 5.95 40. 62 3.77 151. 09 1.38 48.7  hhEt
10 ~20 7.3 1.29 0.57 5.88 32.52 3.13 145.51 1.48 46.8  Ehi+
20 ~35 5.8 0.93 0.21 5.56 21.03 2.38 141. 04 1.58 44.6  FHi+
35 ~50 4.3 0. 89 0.09 5.62 16.77 1.66 143.22 1.57 44.9  FHi+

1.2 iRIEiit LMK EAI22.5m x5m=112.5m>, 2007 4EiKX L
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Tab.2 Experimental treatments
BHER R NEEME(W) N/ EREAE(R)
AR EF(CC) AR AR BAE(WEC) S AF HE A BB (RCC)
T AE G pF (NN) AR HUE A B (WNN) Fe A HHE AR S Bk (RNN)
HEARTRA (SS) A AR RS (WSS) FEAE AR R AL (RSS)
SRR AR (NS) HEAE B (WNS) 5 7E H S B —IR AR (RNS)
F3 20072016 F£/NE/FEXRBIEAMEEY
Tab.3 Cultivated crops in rotation in 2007—2016
o B 2007.09—  2009.04—  2009.09—  2011.04—  2011.09—  2013.04—  2013.09—  2015.04—  2015. 09—
R 2008. 06 2009. 09 2010. 06 2011. 09 2012. 06 2013.09 2014. 06 2015. 09 2016. 06
GREEE] ZINFE HEK ZINKE B EK KINF EECP/S & INE EECP/S ZINFE
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INFE/E KB AE B, N 2 OK i R IE
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Tab.4 Sequence of soil rotational tillage systems in 2007—2016

Btk R I
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NS NT ST NT ST NT ST NT ST NT
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ET,
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W = DHC, (6)
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ET,—EW A4 5 WIFEK &, mm

W, ——EY 3% Ay 1+ 2K i, mm
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P—— Y84~ A 5 B T 4, mm

W—t & K, mm

D——+ M E g/ cm’
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JH Microsoft Excel 2007 #4347 40 ¢ 2098 04 1+

B BIFAER . SAS 8.0 B AR FEAT AH A 73 #r
7 22 5y 7, B3 PR A 38 O Duncan 37 &2 1% 22 ¥
(P<0.05),

2 GRESW
2.1 REFET 2 5 T R B £ 3 B
St

2.1.1 130 ~50 em KM B AR A

ANTA] b B R A 3K AR R P SRR A A dn 3k 5 B
R &, DR ERERAE T HEZ (0 ~20 em
T2) HHERT 0.25 mm KPBIREKE & (R, ;) B
TN AR T X B EAL 3, MHHERS ik &, 78
0~10cm 2, KR EHARKEK(KTF 2 mm, 1 ~
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b B f /)N, HOAE PR RN FROR 7 20T, 2 B 1R AL Y
Ry s & 8 R BN BN 35 4 Gk 8 AR R A
FF-TR PN EAERIFE . 76 10 ~20 cm 2,8 Fp kb BRAY
KF2mm 0.5 ~1 mm WPEHRKRSELZREAR
#51 ~2mm 0.25 ~0. 5 mm H7 g P R A & 535 LA
RNS RNN Zb 3 55 K, 55 3% 4F #H B A0 AR L, /D 22 3%
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BILL RNS 4b 3 i K, 5 3% 4F SR AL A LG, BR T /D
e/ BEAREEAE T EAE TR AL BRI R, o & 2 5 35 0 D
Gb, HAth AL B AR AL AT o 7E 35 ~50 em 1 )2, K
F2mm . 1 ~2 mm 0.5 ~1 mm $ 15 F R ARG L
RSS b ¥ f2 K, 0. 25 ~ 0.5 mm b7 12 F B & & & LU
RNN &b ¥ fe K 5 7% 4F SR AL B AH LG, N2 AR T
BB IRAS AL I R, o5 O 5 0 E 1G5 N2/ oK
VET HABHAEALBERY R, s & 5 A BT84 in , H % 4
Gk AN AL B IR 25 5 B K

2.1.2 A FBEVERE AT 13 KT 0.25 mm

R A R A 28 BAE

WAL Ty 22430 (% 6) BTN, Bk O R BE VR R
X Ry o5 FISZ AR . 7E 0 ~ 10 em K2 U0 R, 55
8 R 2R o AR it 1 VR R AR 2 3 (P < 0.01) , H A
i T = RBE AR 15 G A0 58 808 X R, s O VR R L35
# IR R FAKF(P<0.01), 7£10 ~20 ecm +JZ,
Fofudi 7 28 0Bk A 15 0t 4+ 35 R, s IO RE I AN K. 1E
20 ~35 emFll 35 ~50 em + )2, FAE 7 =X F0BEAE R it
XF Ry s 5300 7 A B R (P < 0. 05) Rk 3% 52
M (P <0.01), HW & 138 B AU X R, o A7 H) 5
(P <0.01)

2.1.3  RHOKRERRIAF Y E R R

25 Kb BOK RS PE A R RT3 T i AR (MWD) 32
Fofr A 5 = XORUBR A 45 it 19 58 B0 EL AR B B (R 7))
1E 0 ~10 cm F1 35 ~50 cm + 2, Bl 5 28 A E 5
it 19 38 AR kE MWD ¥ 7= A i i 2 5 e (P <
0.01),

FE0 ~10 em + )2, N/ FORFEARE T 4 BFAFE 4
MWD 5 F /N 22 38 4F T 6 Bk 1 Ab 28 5 5 3% 4§l
BEAL AR LG , /N 22 3 AF T HABAE AL B MWD 15
A FTHEIN, Hrp b TR AN A B AA 2 5 B KOT 5
e/ BEAREEAET A HHEAL B ) MWD 25 5K 5 3%
FE 10 ~20 em 2, ANFE/EOREEAE T & HF1E 4L 22
MWD 5 F /N 22 38 A T %k B Bk 1 Ak 3 5 {5 76 [) — Fib
MA&HT, REA#EZEZS AEE, 7F 20 ~
35 em 2, 5 A BB AL BEAH B, /2 R T HoAlh
HFEAEAL R MWD B8 A 30 /N2 / B OREEAE T &
TN AL FE ) MWD 8 350 2> . #E 35 ~ 50 em +
2N AR T S HEEAL BRI ) MWD 25 50K 3
INFZ/ FORERARE N 3% AR G BF AR VR AA AL B MWD
3 T AR AR AL P
2.2 AEMEAXEHERETRALEFNRK
2.2.1 +HHEA LR S B

WE 1 PR, 8 A~ 4b P Y -+ He A7 WL & 52 b
+JE M, BN E KRR T & B E AL 2R



254 £ A Pl OB ¥ 20109 4
x5 TEXKEBETIEAEERARENS S
Tab.5 Distribution of water stable aggregate under different treatments %
+2IRE/ A%/ mm
Qb
em >2 1~2 0.5~1 0.25~0.5 0~0.25 >0.25(Ry »5)
WCC  (1.34£0.40)"  (1.10 £0.04)¢ (2.04 £0.14)" (3.14 £0.24) 1 (92.39 £0.75) " (7.61 £0.75)°¢
WNN  (2.57£0.04)™ (2.8220.04)" (4.00+£0.08)° (8.93 £0.86)" (81.70 £0.94)" (18.31 £0.94)"
WSS (2.34+0.25)"  (2.73+0.13)" (5.08+0.62)° (8.47 +0.76)° (81.40 £0.53)" (18.61 £0.53)"
WNS  (3.69 £0.52)®  (2.61 £0.17)" (4.27 £0.14)° (5.72+0.23)¢ (83.72 £0.32)" (16.29 £0.32)"
0~10
RCC  (5.20£1.05)"  (3.52+0.04)" (6.87 +0.68) " (11.36 0.25)" (73.06 +£3.02)° (26.94 £3.02)*°
RNN  (3.17+1.73)*  (3.42+0.25)" (8.97 £0.16)°¢ (14.13 £1.17)*° (70.32 £2.67)°¢ (29.68 £2.67)*°
RSS  (3.49+2.09)™ (2.81£0.07)"  (12.34£0.57)" (9.57 £2.53) b (71.79 £0.91)°¢ (28.21 £0.91)*®
RNS (3.82%0.27)™ (1.61 £0.51)°  (10.97 +0.66)" (10.81 £1.23)" (72.79 £2.01)°¢ (27.21 £2.01)*®
WCC  (0.85%0.23)*  (0.92+0.21)° (2.41 £0.57)° (3.72 £0.20)" (92.11 £0.06)° (7.90 £0.06)°
WNN  (1.54+0.78)* (1.65+0.26)% (2.72 £0.04)° (4.81£1.03)® (89.30 £2. 11)®  (10.71 £2.11)
WSS (0.93£0.36)"  (1.63 £0.12)% (2.68 £0.68)" (4.64 £1.15)® (90.14 £2.07)* (9.87 £2.07)"
WNS  (1.80+0.47)" (2.53+0.11)" (3.31 £0.26)° (5.34 £0.37)* (87.03 £0.25)™  (12.97 +0.25)
10 ~20
RCC  (2.40+1.63)" (2.45+0.20) (5.95 £3.94)° (6.36 +2.89)* (82.85+5.40)™  (17.15+0.25)*
RNN  (2.31+0.15)* (3.27 £0.36)® (3.47 £0.16)° (8.75+2.66)° (82.22+2.61)° (17.79 £2.61)*°
RSS  (1.54+0.40)* (1.95+0.33) (3.06 +£0.32)* (3.44 +£0.07)° (90.02 £0.34)® (9.98 +0.34)"%
RNS  (1.86 £0.97)*  (3.39+0.71)" (4.72 £0.29)° (4.16 £0.16)" (85.89+2.16)™  (14.12+2.16)"
WCC (1.86+0.80)" (1.43+0.09)™  (3.03+0.19)" (7.58 £0.81)" (86.11 £0.27)"  (13.89 +0.27)*
WNN  (0.95£0.33)"  (1.77 £0.56)" (3.11 £0.24)"° (6.89 £3.35)" (87.29 £2.71)™  (12.72 £0.71)"
WSS (1.18 £0.54)*  (2.03£0.54)"  (2.48 £0.04) (4.01 £0.52)" (90.31 £0.57)° (9.69 +0.57)"
WNS  (1.3720.33)*  (1.650.21)"™  (2.57 +0.39)" (4.23 £0.24)" (90.18 0.09)* (9.82 £0.09)"
20 ~35
RCC  (2.46+0.24)"  (3.54£0.42)*  (2.56 +0.03)" (5.27 £3.17)° (86.21 +£3.85)™  (13.80 £3.85)®
RNN  (2.83+1.14)* (2.33+0.04)™  (2.96 £0.21)" (2.52£0.19)° (89.37 £0.78)™  (10.64 +0.78)"
RSS  (1.25+0.73)*  (0.59 +0.83)¢ (2.06 £0.35) 1 (3.18 £0.52) ™ (92.94 £2.43)* (7.07 £2.43)°¢
RNS  (2.60£1.27)* (3.70+1.16)" (5.73 £0.29)° (9.13 £1.24)° (78.84 +1.01)° (21.16 £1.01)*°
WCC  (0.74 £0.23)¢  (0.86+0.21)° (1.97 £0.10) " (4.25 +0.74) " (92.19 +1.27)*° (7.81 £1.27)"
WNN  (0.57 £0.13)°  (1.33+0.49)¢  (2.73 £0.30)" (5.68 +1.46)" (89.70 £0.78) " (10.31 £0.78)"
WSS (0.68+0.72)°  (0.82x0.21)° (2.05 +0.03)" (3.10£0.37)° (93.35+0.91)" (6.65+0.91)"
WNS  (1.20 £0.25)"  (3.08 £+1.23)™  (4.29 =1.47)* (7.84+0.18)" (83.60 £0.32)" (16.41 £0.32)*"
35 ~50
RCC  (0.9120.58)° (2.10+0.09)"  (2.44 £0.18)! (4.16 £0.42)" (90.41 £0.11)° (9.60 £0.11)"
RNN  (2.19%0.15)®* (2.91 £0.53)*® (5.39£0.47)° (9.40 £1.62)" (80.12 £1.71)" (19.88 £1.71)*°
RSS  (2.53+1.00)* (3.52£0.52)" (5.44 £0.88) " (8.61 £0.57)° (79.91 £0.07)" (20.09 £0.07)*
RNS  (0.62£0.01)¢ (1.19£0.23)°  (4.10+0.78) " (8.38 £0.10)° (85.70 £0.71)* (14.30 0. 71)*

E [/ — S AR RNG 8RR AN [ b B2 ) 22 57 35 5 2. %K F (P <0.05) , F I,

x6 TMHEAXMEEENTERKXT0.25 mm

Tab.6 Two-factor variance analysis of different
cropping methods, tillage systems and their interaction

on water stable aggregate of size larger than 0. 25 mm

ARGH_EARAESN

F A LK & & i K BN P S RNS,RNN | WNN |
WNS RSS WSS RCC . WCC, 76 Wi fl fh it )7 X F , 1%
AEGBR AR TRAS B TRAR AR HRL Y SOC & R
TR TEERMIAL B, AE 10 ~20 em + 2, 45 40 P
f7 SOC 25 57 A K, fH WNN 4b B i 2% T H At

AR

+ 2R /em - ; P AbFE L AE 20 ~35 em 2, PR R AR 7 20T B SOC
010 0,070 0. 001" 0,007 o i KBNS R B S B URAL E AE B A
10 ~20 0.233 0.095 0.051 RS GEF k. 76 35 ~50 em + 2, 5% 4 Bk
20 ~35 0.025* 0.013" 0. 009 ** FRAH LY, /N2 AR T HoA R AL FE %) SOC & &= 0
35 ~50 0. 008 ** <0.001 ** <0.001 **

AR /N2 EORFEAE T B AR TR AR e B

TP R Ay 30 T R BRI I s + %om 22 5+ 1% 0.05 K

5w FIRZE TR 0. 01 K5 T IR

0~50cm + 2 HIFEA YLK (SOC) F KL/ T
INEENET X N HFE AL, EK)Z (0 ~ 10 cm)

2.2.2  FRLGMARMAA LR & AL AL
i 8 WAL, Bl A b 2 i R LA K T R MR A2
AR A HLRR & R S BIREF N/
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Tab.7 Effects of different cropping methods and tillage systems on soil water-stable aggregate mean weight diameter (MWD)

A B + 2R E/cm

0~10 10 ~20 20 ~35 35 ~50
WCC (0.34£0.02)° (0.32£0.01)° (0.37 £0.05) (0.31£0.01)¢
WNN (0.44 £0.01)" (0.36 £0.04) (0.34£0.02)° (0.31 +0.01)¢
WSS (0.43 £0.01)" (0.33£0.02)" (0.35+0.02)" (0.31 +0.03)¢
WNS (0.49 £0.03)® (0.39 +0.02) (0.35+0.02)" (0.38 £0.00)
RCC (0.59 £0.05)* (0.45 £0.04)" (0.43 £0.02)* (0.34 £0.02)
RNN (0.51 £0.08) (0.43 £0.01)*® (0.43 £0.05) (0.43 £0.05)®
RSS (0.52 £0.09)* (0.37 £0.02)* (0.33£0.05)° (0.45£0.02)"
RNS (0.53 +£0.02)® (0.41 £0.06)® (0.46 +0.05)*° (0.33£0.01)!
p 0. 265 0.015" 0.256 0.116
T 0.124 0. 303 0. 140 0.074
PxT 0. 004 ** 0.257 0. 1901 0. 005 **

BWNN WSS gWNS pgRCC mRNN m@mRSS gRNsS

b AT B ik L/ (kgD

0~10

10-20

& 1

Fig. 1
FRERAE T S RL A R KA DL & i R 28 T/ %
VETF X #EAL T, #E 0 ~10 em /2, KT 0.25 mm
A RLR R A R AR A HLIKR & 7Y DL WCC b Fi B /),
H AW RR R 5 20T A B 4b PEORF 0.25 mm
B R R AT SR AT BILR 75 5 1w T AE BPE AL B
1610 ~20 em -2, /NEEAEFRNE/ EAREIET,
5 AR R R LU, AR B AR RN B TR
T2 mm RiAR AR A HLAR S i, TR R U
T1~2mm.0.5~1mm.0.25 ~0.5 mm.0 ~0.25 mm /.
RV R KA BB & BE. 7E 20 ~35 em 2, R T
2mm.1 ~2mm 0.5 ~1 mm }i 48 F REA WK S 5
L RNS 4b¥E 5 ,0.25 ~0.5 mm .0 ~ 0. 25 mm % 4% 4]
AR PLAK 2 2 LRSS Kb H i K, 5 3% 4F Bl #F A
L, PRI AR 7 2CT 2 4F S A0 A B A 4% KL A% T 3R AR
A B S A T, S - TRAN Ab BRAT I, i
FERARAL BIAS AL AN B8 o 1E 35 ~ 50 em +JZ, 4540
A R AR DL & 2 DL RNS Ab BRI K, HL 5 3% 4
FHAEAE L, P Rh A D7 2CF 1 47 S Bk % 47 TR A AL B
A 25 R4 AT SR AT AR 35 AR AR B35, S pF TR AR
Ak B A i 88 0

s

20-35 35-50

EIE T em

MBS R L ) 22 1

Soil organic carbon content

2.2.3 KRG R A LK 5Tk F A8 Ak

AN TR A BT 4 39457 9 AT 3R 1A A MILAR B3k % 1)
AN 2 Ff R, #E 0 ~10 em + 2, N/ E K AE
TRTF 0.25 mm R0 5% K AR HLK 5Tk R Y
B TN EAE T X W AHE AL B, B AR B AR LG
TE/NEBEAET , HAR PR AL PR K T 0. 25 mm 2 KL
R A RAKA MURK 5T R S 240 T HG s 2E/NFE / Bk
RAET AR R EFERMIG M T 0.5 ~1 mm KL
12 AT SR AR AT BIL I o iR %6, e B — IR A DU 3G 1/ T
1 mm &R A2 B R ARG WL STk 3 . 78 10 ~20 em £
JBLNEEET, EE R RPN LR T
0. 25 mm #5467 2% K P SR A HLBK DTk 5 4 5 T 4R
FPEAL P, AR TR A IS N T KT 2 mm (1 ~2 mm
0.25 ~0.5 mm R4 F A HLAK 5T Rk 55 75N 22/
FREAET, SEFEMPA L, EFE P T 1~
2 mm 0.25 ~0.5 mm i £2 A R KA HLIK 5TERR , R
BB AE N T 1 ~2 mm 0 ~0.25 mm K42 4]
RE P ST Mk R, £ 20 ~35 em + 2, KF
0.25 mm 2540 5% K A R AR A PRk & & 5 L) RNS 4b
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Tab.8 Distribution of aggregate-associated organic carbon under different treatments g/ kg
TR/ KLAZ/mm
Ab 3
cm >2 1~2 0.5 ~1 0.25~0.5 0~0.25

WCC (12.99 +£0.90)¢ (11.22 £0.28) 1 (10.22 +£0.21)1¢ (6.88 £0.78)° (5.26 £0.21)°
WNN (16.73 £0.60) ™ (14.82 +0.43) ™" (12.13 20.44)° (8.32£0.94)" (5.12 £0.14)°
WSS (14.77 £0.06)° (14.06 0. 86) (12.34 £0.78)" (7.67 £0.40)" (5.45+0.15)"°
WNS (16.02 +0.45)" (14.15 20.14)" (13.35£0.39)™ (11.10 £0.92)* (7.53£0.20)"

0-~10 RCC (13.29 £0.06) ¢ (12.17 £0.35) ¢ (10.95 +0.25)¢ (7.58 +0.78)" (5.96 £0.21)¢
RNN (17.37 20.54) " (15.52 +0.43)° (13.08 £0.65) " (9.32£0.51)°" (6.57 £0.36)°
RSS (15.67 £0.34)" (14.91 £0. 64) (12.79 £0.42)" (8.47 +£0.40)" (6.15+0.15)<!
RNS (17.22 £0.26)" (15.35 +0.57) (14.05 £0.39)* (11.60 +0.64)* (8.23£0.20)"
WCC (11.49 +0.46)° (9.28 £0.21)° (8.99 £0.71)° (6.72 £0.81)™ (6.38 £0.49)
WNN (13.34 £1.29)* (9.79 £0.22) (9.45 +0.04)" (5.59£0.42)° (5.38 £0.43)1
WSS (13.92 £0.00)* (10.21 £0.21)" (7.83 +0.82)1 (6.87 £0.27)® (3.91£0.34)°
WNS (12.86 +0.28) (11.73 £0.25)° (10.21 £0.23) (6.41 £0.25)" (5.95 £0.35) "4

10~20 RCC (12.27 £0.50) " (10.89 £0.25)" (9.86 £0.54) ™ (7.59 £0.64)" (6.65 £0.25)™
RNN (14.40 £0.39)*° (10.67 £0.32)" (9.51 £0.42)" (6.41 £0.39)" (6.15 +0.47)"
RSS (14.12 £1.32)°® (10.55 £0.54)" (10.12 £0. 15) (7.19 £0.21)® (5.69 +0.30) !
RNS (12.59 £0. 46) * (12.41 +£0.56) " (10.99 +0.27)* (7.65 £0.30)* (7.23 £0.39)"
wcCe (11.06 £0.30)" (9.02 £0. 64) P (8.82 £0.28) ™ (5.97 £0.63)" (6.22+0.28)"
WNN (8.76 £0.40) ¢ (8.19 £0.35)1¢ (8.09 £0.26) (5.12+0.08)¢ (4.67 £0.30)"
WSS (8.99 +0.39)1 (8.95 £0.57)"b (7.31 £0.54)1 (5.74 £0.41) (3.71 £0.36)°¢
WNS (10.55 £0.36)° (9.63 +0.40) (8.78 £0.56) (6.26 +0.39) (5.64 +0.89)®

20 -35 RCC (11.27 £0.30) (9.74 £0.23) (9.22 £0.08) (5.94 £0.41)" (6.33+£0.41)"
RNN (9.48 £0.59)¢ (8.51 £0.55) (8.26 £0.33) "4 (6.11 +0.08)" (5.49 £0.53)™
RSS (11.61 £0.44)™ (10.01 0. 11)* (9.05 +£0.57) " (7.01 £0.32)* (6.46 +0.42)"°
RNS (12.18 £0.46) " (10.69 +0.09)* (9.60 £0.48)" (6.75 £0.22)* (6.25£0.93)"
wCC (7.83 £0.11)¢ (7.32 £0.72)" (6.07 £0.41) % (4.68 +0.41)"° (3.83+0.64)"°
WNN (6.72+0.45)° (6.62 +0.35)¢ (6.57 +£0.56) < (4.33+0.43)° (4.08 £0.61)®
WSS (7.92 +0.28)1 (7.52 +0.33)" (5.89£0.21)° (5.24 +0.45)® (4.45 £0.01)®
WNS (9.78 £0.32) (8.27 +0.44)® (7.93 £0.27)® (5.39+0.32)® (4.63 £0.34)®

35 ~50 RCC (8.38 £0.18) (7.87 £0.65)™ (6.62 +0.48) " (5.33£0.48)™ (4.43 £0.64)™
RNN (7.57 £0.52)¢ (7.72 £0.50) (7.17 £0.42)" (5.38+0.34)® (4.05+0.41)®
RSS (8.97 £0.50) (8.07 £0.40)® (6.94 +0.43)<! (5.84+0.45)" (4.03 £0.53)®
RNS (10.33 20.25)" (8.82£0.37)° (8.43 £0.41)° (6.19 £0.61)*° (5.11 £0.47)°

B EAETRAS - TR AR AL PR 1 ~ 2 mm KL 2K A
RARA LR STHK A X4 B 805 fE /N 22/ B OK e AR
T RPN T 0.5 ~ 1 mm ki4E B R &4 L
B TTRR A, 2 AR TRAR S T 0 ~ 0. 25 mm KL A% AT 3
PR LK STRR R, TR AL AL BLR T 0. 25 mm 4%
R AT 3R TR A LR BTk R 2 B g . AE 35 ~
50 em )2, AR L, E/NE BT, EAE
e bk A B 0 T /N T 2 mm 25Ok AT R AR A BL B
TTHRAR AR TR A AL FERE Jin T 0 ~ 0. 25 mm KL 4% [
R HUBR SRR, S B TR P AL BRI 3 i TR T
0.25 mm #5442 K AT JEAR AT BB 57 8k 55 12/ E2/
B BAET, &4 RH L EFER LM KRT
0. 25 mm %47 ¢ K AT I AR A LB 5Tk 5 B9 A7 T 4
I, G BT A Ak BN G I T/ T 1 mm £k AR
AR LK TTRR R

2.2.4 Py ORBEE R X + 3K F 0.25 mm
1A SR A LR BTk 6 1Y) 38 ELAFE

W)y 2250 Hr (% 9) WA, 7E 0 ~ 50 em 45 £
J2 Ry 3B S R T 0. 25 mm oK R 4K
A LB TR 2 (Lo, . ) 152 0 349 3K 3 4% & 35 7K OF
(P <0.01), H A 7 =X Bk 1R 15 it i 58 1 8% 0 %
Lgge, , ML= ERR 520 (P <0.01) .

2.3 FEAXNMBIEEKE LEAKSF AINE

i —1:0k-A'

12 10 AT 1, /22 77 il K BN AR K
RNS .WNS . WSS RCC,WNN,WCC RNN  RSS, 7£ /\
& AR RN/ EORACAE PR R A 05 R, /22 7
B LA S TR b Ak Bl 2, 40 31 L i AF B AL B fin
T 14.25% (19.30% . /NZZ/F KREAE T & BEAE 4
B 7K 43 F &R (WUE) 39685 T /0N 22 3% A X 1 #F
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Fig.2  Contribution of aggregate-associated organic carbon to soil total organic carbon under different treatments

x99 MEFX HEREILERKXTF0.25 mm
AARGENBRRKEN _EARFESN
Tab.9 Two-factor variance analysis of different cropping
methods, tillage systems and their interaction on
contributing rate of soil organic carbon in water-stable

aggregate of size larger than (.25 mm

P 35 75 /N2 AR R, He A 77 AL B WUE 4 88
BT AE BEE AL T S BV A AL B WUE 34
WG EE G, 24. 98% s FE/NFE/ FEOKRBEAE R, 5% 4F
BRI A TR AH L, SR A WUE 89 2 3, 4
JnE N 9. 89% .

2.4 INEFEBEFKSFANES T EERIELYE

PALSES E
LR/ em - T oot 11 s H1,R, ,; MWD 5 SOC & i & IF
0~10 0.002 <0.001 <0.001 K5 Lsoc, . 5 Roos MWD SOC 5 4] 1 25 11 A 5C
10 ~20 0. 008 ** <0.001 ™ <0.001 ™ WUE 5 RO_ZS\MWD\SOC\[SOCOZS%E%I—E*E%O JE
20 ~35 0. 009 ** 0.001 ™ 0.001 ™ — >
< < — 2 M [F] 2 A B RO HER I (3% 12) /)
35 ~50 0. 005 ™ <0.001 ™ <0.001 ™ e
iﬁ:i% 20 ~35 cm i}%’ﬁg R0.25 \]50(;0_253%54%"E*E
R 10 2016 FAEAETH/NEFEMKSF ARE
Tab.10 Wheat yield and water use efficiency under different treatments in 2016
UNGE:GE- %S v HEEMEKE/ A HIREK R K4y s/
Qb7 P/ (kgehm =)
mm mm mm (kg* (hm?-mm) ~")
wcCC 394.9 180. 8 461.9 (4918 £160)° (10.58 £0.30)°
WNN 385.8 211.3 414.5 (5141 £29) (12.36 £0.07) "
WSS 391.2 185.3 445.9 (5396 +244)" (12.10 £0.21)*
WNS 399. 6 229.5 410. 1 (5619 +238)" (13.70 £0.58)
RCC 337.1 260. 6 316.5 (5317 £150) ™ (16.48 +0.47)"
RNN 378.5 275.3 343.2 (4424 +188)° (12.89 +0.55)
RSS 338.5 262. 1 316.3 (4173 £106) ¢ (13.20 £0.34)
RNS 388. 4 278.1 350.3 (6343 £314)* (18.11 £0.90)*

XK, 5 35 ~50 em )2 B SOC 2 I 3 IEAH %
WUE 50 ~10 cm .10 ~20 ¢cm .20 ~35 em 1 )21

MWD PL K Ly, ,, 5 2 #F IEM G, 35 20 ~ 35 cm,
35 ~50 ecm )21 SOC 2 B3 1FAH%,
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Tab.11 Correlation coefficients between wheat yield

and water use efficiency and soil properties

Rys MWD SOC
RO, 25 1
MWD 0.921* 1

Isocy s  WUE 7R

S0C 0.792% 0.728* 1
Isoco s 0.985** 0.898 ** 0.810** 1

WUE 0.727* 0.729* 0.772* 0.717"* 1

Feg 0.063 -0.002 0.438 0.050 0.610 1

®12 MEFEWUESZRLTETEKEEER
RUE BNBRIEXRY
Tab.12 Correlation coefficients of wheat yield, WUE
and soil water aggregate and organic carbon

in different soil layers

FRWEE/em Ry s MWD soc Ls0c s

0~10 -0.128  0.116 0.172 -0. 045

10 ~20 0.116 0.123 0.262 0.247
[atis N

20 ~35 0.736* 0. 409 0.224  0.732°*

35 ~50 -0.383  -0.626 0.710°  -0.427

0~10 0.626  0.802" 0.323  0.715*

10 ~20 0.617  0.738* 0.599  0.785"
WUE _

20 ~35 -0.628 0.713* 0.709° 0.714*

35 ~50 0.188 0.013  0.840° 0. 147

3 iTig
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i T 1) 4% 0% 1A AR TE 0 ~ 50 em 4% + 2 R BLHR
CEP TR - TN T i & S\ Ve S S Y (Y
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