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W OE: IRIHMERAE Dy 2O A A B AR ALy 1, R B AE S E 2 FEE R, DURUNE-FOREEAE .
AN B KIAME . /NE AR -SSR 3 AR AL 6 M BRI TIR G SR . SIEZBHEMLL, RN T 0~5. 5~
20cm HEEA . W HEEBPRUKS SR, IR T L0 pH MA T, RN/ TORFIENNT.WUNT. WM. DAREG IR . 3k
i RA . ARE R TR NE RS ENT.WRM) A B NE-F KFEE(NT.WMS) AL B, FEARF 22 ], T34
SN & RS R VR AR IR S, 3R oy & i SRR N e 3 5 T BN, 78 0~ 5 om + )2 Suif b3
THEA MK . WORCA MUK . FTVETEA LR . CE YA Y ik & B NAG GV RAL B AN T 1.31% ~ 36.57% . 2.07% ~ 35.22%.
2.38% ~ 4.78%. 2.08% ~ 11.68%, 7E 5 ~ 20 cm 2 Ge#ff b 3R+ 3G HLAA A Wy A it i 1 1 o TAG ek BN, 7EAR A Sedliak
BT, AN, TR YR E A YRR S L 0~ 5. 5 ~20 em T2 ERRIN NT.WMS A E T HAL B B, A%
PESHTE, HHER PR . S0 Y o s & i A S A, A P A R R A, L5, N/
FORMVER T oot R, St/ N —ERERA A A TR A PR . ORI MU AN A P A e 7% o
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Effects of No-till on Soil Carbon Components and Physicochemical Properties Under

Different Wheat-Maize Rotation Fields

TIAN Kun'? YANG Caihong'", WU Jiandong?, LI Yancui®, LIU Yubing?, JIANG Xiaomin', CUI Wenqiang'

(1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2 Gansu Hydraulic Research Institute, Lanzhou
730000, China)

Abstract: In order to investigate the effects of tillage and crop rotation on soil physicochemical properties and carbon
components, an field experiment was conducted, in which two tillage modes (no-tillage and traditional tillage) and three planting
modes (wheat-maize rotation, wheat/maize intercropping, wheat-winter rapeseed-maize rotation) were deigned. The results
showed that compared with traditional tillage, no-tillage increased total nitrogen, total phosphorus, available phosphorus and
water content in 0-5 and 5-20 cm soil layer, but decreased soil pH and bulk density. Soil bulk density, water content, total
nitrogen and total phosphorus under no-tillage and wheat/corn intercropping (NT.W1/NT.WM.1) were higher than those under
no-tillage and wheat-corn-winter rapeseed rotation (NT.WRM3) and no-tillage and wheat-corn rotation (NT.WMS5). The contents
of total nitrogen, total phosphorus and available phosphorus decreased with the increase of soil depth. Soil carbon content under
no-tillage treatment was higher than that under traditional tillage treatment. Compared with traditional tillage treatment, the
contents of soil organic carbon, particulate organic carbon, soluble organic carbon and microbial biomass carbon in 0-5 cm soil
layer were increased by 1.31%-36.57%, 2.07%—35.22%, 2.38%—4.78% and 2.08%—11.68%, respectively. The contents of soil
organic carbon and microbial biomass carbon under no-tillage treatment in 5-20 cm soil layer were higher than those under
traditional tillage treatment. Under different no-tillage treatments, the contents of soil organic carbon, particulate organic carbon

and microbial biomass carbon in 0—5 and 5-20 cm soil layers under NT.WMS5 were higher than those in other no-tillage

OELWH: HRHAKBEEETH (41561062) . Hilf Rl K27 4 2 3 430 H (GAU-QDFC-2021-12) . Hly & & S 0F & 3% 50 B
(21YFSNAO14)FIH i 48 K R RL 24 SEEG 5T S BARHE) 35 H (23GSLKO18) % Bl -

* 5l THAE# (84867024@qq.com)
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treatments. Correlation analysis showed that soil organic carbon, microbial biomass carbon and available phosphorus were
positively correlated, while bulk density and organic carbon content were negatively correlated. In conclusion, no-tillage and

wheat/maize intercropping can improve soil physicochemical properties, and no-tillage and wheat-maize rotation can increase soil

organic carbon, particulate organic carbon and microbial biomass carbon content.

Key words: No-tillage; Soil carbon component; Physical and chemical properties of soil; Crop rotation pattern
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PEBHEX A H A DLBRAZI TS, RZ2 5 TR
KPR PERFVE RS B2 23 B TEA T R TR
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KRV, BETE S-S AN R RS R X A T 3
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1.1 HAREER

TG T H R A BT BN X R R Rl K
SRR A RN A B T A T o %S T
WPEE AR (37°96'N, 102°64'E) , J& M7 1) N fiti
TR BRNAE, BATROW., HERE, Bz
KA IR 1506 m, ZAEFHSIEA 72 C,
LA/ 156 mm, ZAEFYICFE 156d, 4Ry
FER L 2400 mm, A KPHERST B 504 ~ 630 kl/em’,
X AR 2R+, FIREEN 1.57 glem®, Hf
R EEAPUSE N 14.62 g/kg, A EFET R
4 0.74 g/kg. 1.31 g/kg, #IPK 7.9 ms!,
1.2 REigit

R T 2016 4F 3 A, WEKHAXIKE, F
R R R FL GEBHE 2 FBE DT =, RIRE  EoK/
INZZ T . R~ INAE A | 22 SR AR AT 3 id R oK
RoAE 3 MR 2, 36 MRER, gk 1 PR, B
AbEE 3 AT S 18 AN/ NX L, /NX AL A 10 m x 11 m,
2021 ARV P BEAMESL 4N 2 B .
1.3 THEXRE&E

T 2021 4F 9 AFEYEAI, A5/ NMXCR
“S” I 5 B IRAE 0~ 5. 5~20 cm BHZE AL,
oA /INZE IR KRR B3 e 45 R R A TR RAE
R 7 5 AR S s, EENXTH
FBRZe R, B 0.25 mm 7 1 T SRR L R R +
B 43w E
1.4 MEmMBRFE

TSR AR AT IRIE ;. pH RAHAL
P FERMFIIENE ; SRR E &k
ME 3 2WER ] HCI0,-H,S0, A VENE ; BUswR
FERERPT kI, APLERR A KoCr,0.-H,SO4 A
e s WUk A MRS 1B Cambardella Al
Elliott" 1y )5 ERIMIE 5 /K P MEA BILRR S JE4 A i 220
(75 I 5 A A LR S Rt o i 2 P 3
S5 R YRR S IR SR g 2
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Table 1 Experimental design
BHETT = Ab AR FAE A
2018 4F 2019 4 2020 4 2021 4F
B4 30 cm 7. A NT.WI/NT.WM.1 INFE I K INFE T K INFE /K INFE I K
NT.WRM3 INFE AR ES/S INFE AR E5/S
NT.WM5 N FoK INEE FoK
TG CT.W2/CT.WM.2 N IR K INEE IR K INEE IR K INEE 1K
CT.WRM4 INFE 2R ESP/S INE AR BN
CT.WM6 Uy = ESP/S INFE EPN

H: NT.WUNT.WM.1: G#l/NE/FKEE; NT.WRM3: G#f/ME-FR-LME4lE; NT.WMS: ff/hE-F k4 7E; CT.W2/
CT.WM.2 G HE/INZE /FEKEIME; CT.WRM4 (EGHHE/NE -T2 1E; CT.WM6 GG #HME/NE - F KGR 1R

Fz2 2021 FEYMEERER

Table 2 Basic overview of crop planting in 2021

FPRE RERREM bR SRR e Jiti AR TRy =X
0 HAE [F] 4
X 4H17H HE335 8.25 Ji tk/hm’ 525 Jikk/hm?, 5% 1.40 4 P 180 kg/ hm?®, SAERLNE; Mzl R AIEHE
m, #REE 0.24 m,f7FE 0.4 m, N 360 kg/ hm?, #4&R7 - KmiwlD BB
317 W RTTI=3 0 60 1 A
NE 3AI8H TH4E 675 J3 ki/hm” 375 Jiki/hm®, 9% 0.8 m, 4i P 90 kg/ hm?,
A7 0.12 m, 3617 JaZli N 180 kg/ hm?, 2VEFEAL
ZuzE 8 H 16 H  Beih 65 FFIHERE, B4 em 2547, A7HE 20 om, BRI 10 cm, Jii 4 N 225 kg/hm?
W5 SRR MO R AR, IR A, R
=, T REYREFRTIGRAIMSE, HEE A
B S|
1.5 HIELEBESHH PIIRAJITE:H) |8

i Excel 2019 #H4754% 5 K il 1E, SPSS 25.0
YEAT T 2200 I IR S 20 #r o

HRESH

21 HHMEAKXI LEERAMERMNZW

2 3 AlA, SESEPHELIEALL, Fpkib ke
KT 0~5cm 1JZH pH, HAH,CTWM6 5 NT.WM.1
HI NT.WRM3 4b#i[a] 2% 55 i 3 (P<0.05). 7£ 5 ~ 20 cm
+J2, NTWM.1 Hil NT.WMS5 &b BRASAH R i1 S HHE
AP CTWM.2 Al CTWM6 ¥iiehin T +3% pH, H+
9 pH KA L2, RS KR L
PRI RN AR TSR, S5E58t
YEANFRAH EL , Gabf b PR AR T 1A NT.WMS
A0 ~5, 5~20 cm + )2 HHEAEES I TN,
5 NT.W1., NT.WM.1. NT.WRM3 ZbFRAH L, 454
KT 9.66%. 5.07%. 5.76% Hl 8.00%. 6.12%.
2.82%., HAEARFBHELAE T HIEAEREE - )21

2

mFEATH, F0~5em H)2, PR ES
HHEAL A S A g m, NTW1L NT.WM.1,
NT.WRM3, NT.WMS5 4b# 43 4 R & B AN AL 5E
HHEALFE CT. W2, CTWM.2, CT.WRM4, CT.WM6 3
T 17.22%. 3.82%. 33.04%. 31.58%; HFE%E T2
WRERIN, HIEER SR, f£0~5. 5~20cm
T2, NTWI1 b3+ 3 2% % NTWM.L
NT.WRM3 . NT.WMS5 &b 3535038 m 17 35.79% .
21.70%. 24.04% F 29.47%. 6.03%. 20.59%. 7E4%
AbETE], PR CT.WM6 AZbEE 0 ~ 5 cm + 2+ HEH L
BT NT.WMS ZbFEAL, Hofth kb 35 2 3 B
BB B K F A B EAL 3 . B NT.WM.1 Al
CT.WM.2 Ab¥AN, 4 SR & sy b 5 1 )2 %
JEE F18y 158 Jonn i A1
2.2 HHEAR LIERA S B
2.2.1  BEETT SO0 AT BILAR 4 52 0 1wl
H, SEGEHEGEME, kbt T s
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Table 3  Effects of different treatments on soil pH, water content and bulk density
Ab 3 0~5cm 5~20cm
pH FIKA(%) 2¥ 5 (g/em’) pH FIKFR (%) 25 (g/em’)
NT.W1 8.35 abe 8.71+0.40 a 1.45 +0.06 ab 8.41cd 9.11+032a 1.50£0.02 a
NT.WM.1 8.11d 8.63+0.24 a 1.38 £ 0.03 ab 8.43 cd 9.49+035a 1.47+0.02a
NT.WRM3 8.25¢ 6.49+047c 1.39 +0.07 ab 8.60 abc 8.21+£0.25b 1.42+0.15a
NT.WM5 8.31 be 8.03£0.48 ab 1.31 £0.06 ab 8.80 a 8.22+043b 1.38+0.17a
CT.W2 8.41 ab 8.08 £0.79 ab 1.48+0.03 a 8.54 bed 8.14+0.09b 1.51+0.04 a
CT.WM.2 8.26 ¢ 839+0.41a 1.45 +0.01 ab 8.32d 9.18+0.44 a 1.52+0.02 a
CT.WRM4 8.43 ab 529+0.14d 1.40 + 0.04 ab 8.77 a 7.12+031c¢ 1.44+0.07 a
CT.WM6 8.46 a 7.28 £ 0.44 be 1.36 £ 0.17 ab 8.72 abc 791+038b 1.41+0.03 a

PE: NT.WL: S/ ORI MRE . NTWMLL: SN BRI R MR s CT.W2: (E5EHFE/N A K /A
MEHURE, CT.WM.2: (E5E /N BRI FRMLIRE 5 LAV 5 4 R A BIIFD 22 523 5 K (P<0.05), R

x4 FELETREEF. &8, BB

Table 4 Effects of different treatments on soil total nitrogen, total phosphorus and available phosphorus

fb 3 0~5cm 5~20cm
2% (g/kg) 2 (g/ke) AL (mg/kg) 2% (g/ke) 2 (g/kg) R (mg/kg)
NT.W1 0.59 +0.04 a 0.43£0.03a 12338 +2.45d 0.46 £ 0.05 a 0.41£0.05a 9353+ 1.10 f
NT.WM.1 0.54 + 0.02 abc 0.32 £ 0.06 ¢ 119.64 + 0.94 ¢ 0.38+0.09 a 0.32 £0.01 ab 119.87+1.62 ¢
NT.WRM3 0.50 £0.11 be 0.35 £ 0.02 be 222.26+0.77 a 0.37+0.05a 0.39+0.03a 12511+ 1.67b
NT.WMS5 0.50 £ 0.23 be 0.35+0.06 ¢ 152.89 £0.75 ¢ 039+ 0.05a 0.34+0.15 ab 138.95+1.55a
CT.W2 0.50 + 0.02 be 0.42 £0.01 ab 119.84+ 121 031+0.18a 0.40£0.12a 93.19+ 1.14 f
CT.WM.2 0.52 + 0.03 abc 0.36 + 0.04 be 97.77+0.95 f 0.41+0.08a 0.28 + 0.03 ab 105.48 £ 0.95 ¢
CT.WRM4 0.37+0.02 ¢ 0.32+030¢ 162.29+2.26 b 0.45 + 0.06 a 0.37 £ 0.02 ab 110.59 + 1.44 d
CT.WM6 0.38+0.03 ¢ 0.29+0.01 ¢ 15439+ 1.73 ¢ 0.35+0.02a 0.24£0.03 b 122.80+ 1.34 ¢
11.0- -
B3 0~5 cm F4 5~20 cm Aa Ab
10.0}- —ErBbC
9.0 A ig
5 801 Acd Ac Ac Ac ¢ Bed  Ad ;
S 70} B Ad Ae Bed Ae :
B 6O0Lf :,;{ 77 7 i :
E 5.0 b # b f‘f b b
® 401 : % ¥ f.ﬂé £ ﬁ % J-":
H 3.0F o o “
- ‘l" - f‘f - - - e l'"
20 [ 7 : : i
ey R : : ﬁ : i
1.0~ e ER h
0.0 . ‘4 : xg?",& : . : . A : ¥ : e : b A |
NT.W1 CT.W2 NT.WM.I CT.WM2 NT.WRM3 CT.WRM4 NT.WM5 CT.WM6

1
Fig. 1

BUBS S, (HA SRR B HLIR & b AA—30, 78
0 ~5cm 2, b NTWL., NTWM.I .
NT.WRM3 ., NT.WMS5 -+ MLk & B AH N AL S
fE4bH CT.W2, CTWM.2, CTWRM4, CT.WM6 4
FIEEHNT 15.56% ., 12.61%. 36.57%. 1.31%. 7E5#

Ab3

CREIE BT AN RS 5 BER R (7] — AR B [A] )2 1) 22 57 35 B {2 K- (P<0.05), A l/ING T B 2R ) — b JRAN ) 4k Bl ) 22 5
BB R IKP(P<0.05), TFIR])

AEALEX L IRB RS BT

Effects of different treatments on soil organic carbon

AEPRTE, AR SAh PE  EE HLRR S R R 22
P, Hrr, NTWMS ZEE 0~ 5. 5~20 cm +2H
BLAR B 38 i H A SRR B, 38 NT.W1 NT.WM.1,
NT.WRM3 ZbHL53 FI3E N T 35.68%.35.17%.1.06% F
35.73%. 35.46%. 38.82%. AT, HHEA LK
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Fig. 3 Effects of different treatments on soil particulate organic carbon and microbial biomass carbon
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Fig. 2 Effects of different treatments on soil soluble carbon and recombinant organic carbon
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NT.W.1. AN[R] 4k 2+ el A W A Wy i i 5 B 3 B 1

JER B B IN T RAEA

23 TEEAMRSTERASPXER
BTN R B - R 4 2y 2E AT T A

KW, RN 5 s, BIEAPR S AHR ., &

WA B ARG, S A B E B . T

AAPEA LS T3 pH SR E ARG, 55,
PR BPHRRFIEMIC. TR LK 5 A
EWMBEFIEMALR, 5 pH 2RFAMC, HHEEHA
B . B ATV A LB S A 8 IE ARG . e
PEY YRR S KR FEERRETAMR, 5
AR A IEAR G

x5 TEEBUMRS TIREREASREXN

Table 5 Correlations between soil physicochemical properties and carbon components

pH FRE RE g e

HAEE O AALBR ATEETE BORL wA WED
Alex AP AN AR

pH 1
FKFE -0.096 1
N —0.048  0.344 1
E —0.434"  0.104 -0.09 1
B0 0.011 0.060 0.315" 0.250 1
TR —0.149  -0.624" -0.419"  0.116
EERiIR TS 0.093 0242  -0.456"  —0.051
AL 04447 0.259 0.307" 0.293"
WRAPER  -0356"  -0.037  -0.169  —0.080
EHAVB  -0.027  -0.079  -0.221 0.036 0.011
MAEWAY R -0.095  -0376" 04467 0230

—0.149
—0.447"
0.326"
-0.164

—0.062

0.625™ 1
-0.117  -0.389™ 1
0426  0.396" 0.044 1

0.423"  0.285" 1
~0.179 0.262 0.201 1

0.449™ 0395
0.634™  0.305

e * R FRIRTE P<0.05, P<0.01 K5 E AR,

3 Tt

31 #HEAKIT HEEBUERNSEE M

GBS ORI VR AT DA A ek > £ 1Y
DNV KA 4250, R AR R
HHTEE . B IR o R A — R
i XUBAEPIRFTE RN, Sl bl e Ge AR BEAAE T
RE A E, AL ERN, ANRAHE 0~5.
5~20 cm RHHEFEEAAR, Hi, SE5HHE
ML, JdF R &R B R T s E, X5
2R AP IR G AR R . ABFST R, bk
Mo ~5.5~20cm )20 EHEEKE, UG
VERIROKRE ) B3 TG E . KBRSt
RBMEIR DR EK 28 K, R e Aok, b
TR RRIZAE T L4 pH Wk A R TR
MR, 138 pH X H3EFRIA B . A5
SRR, +HE pH RARERIN b BUE T4 b
YEALHE, HFEZE 2R pH t kA E AR )
Ak, TARMCOIB IR, bbb E 1 pH (K T1%
GiRHEAL IR, S5ARBIIESER—2L

IR R B R R A AR,
G B AE T H AU Ry =0 3R 40 BT 1

R P2 RN, RbtReas e A . B, #%oT
R HIERIZNESE, MrHERZE AN, M
S PTG 2 R W, bk n] DIR Ak 4 b 4
R . . HCE SR, X R R
PRI E . Mo DEPR R B, bR
INZE H s &, (HEAR TR, Wik,
BN T SRR LR E R RE . B EPI  a R
B, bk fl TR s R E A )y, bR, &
B, ST EEAAFRENER, AERRAT
W B EARE- . AL REH, R AL G E
AESHEEAT R TR H A A R S, HEEE 2
IR ARG, 5 R g A —2 .
32 #HHMEARX TERAS NS SR

FHEAT LR SRA R ARUE T RESE A
R SERl . SRR A R & X 48 B &
R AE BRI, TENCRF5EN, b
SEORAPPERHVEA R T4 A HH 3R 2 13 ML it i
AWREERFY], BB S P RE S W 3
AR S, Hoh NT.WRM3 Fll NT.WMS 4bF4s
A A A ) TR A B S B SERY
W, BEVER AN R REAS el AR A F 598 HLAk
FR AR, AT ARG N F 3R 2 A LR
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R AR FH - 18 R 2 A DL & i . ZERI T 3k
B, S o6 R R 0 ~ 20 em 2 ATVETEAT HLER Y
g AW, RN MUK iSRRI
S TAEGAME, NT.W1 AbFR 5 = b FE AR LT A
FIFHE AT A LA & . ASTRIBRER X 1985
BAAHURA AR, 2207 PR R, S5E58F
YEAEEL, DAgadlthy 32 A R PR X0 fff -+ S0 A AL
WA ERIEIN, d FLIREECIFS R, T b aE
VERENS 25380 -+ 3 2 1 Uk BILRK & it . ANBIFSE
o, GBRAL GHE A R TR N e 2 Ok A P
B i, MR A )2 MR A ALK & R A
AR L, NT.WMS fil NT.WRM3 4B A7 F] T
B R A HLAR A BRI R R B,
e E A LA TR DU B ALRER S, sk
SHABEE 2 L RENS 258 0 - S EE AL LR
i, A HEREEE, AMRERS5Z -8, A
NT.WRM3 AbHEFE 2021 478 55 HAb AL BRAH LU 2548 hn
TEAFVBN SR, KEMRERE, KINaPHHE
A AIFRE N R A Y R Y R, TR R
G INTTRRARE  ERBHBFEC I R, SE508HE
AHEE, bbb 38 R E Y AE R AE 0 ~ 5 em )2
BEWE . APFSWAI, NT.WMS ZbBE 5 HAl 4 3
AL, FEAMTHI 0 ~5 em + 2 HIEHUEY Y

R
4 #ie

1) SEGHHEMEL, fEinT 0~5.5~20cm
TRERA . . EAEEEEMEKE, ML T -
MR pH FIA

2) TEARIFIARECZ 8], Sk Nz /K )4
(NT.WI/NT.WM. 1)t B H A b BT A5 ) 42 o 358
R, FACR, 2%, S AENEE SR, HEE
T EWEME I, AR SRR A R
WA

3) AWgeh, BHEAMmR . FIETEA PR . ok
A HUBs AN A P A W stk B e AR BRI AL B v
TAEGHHEAL B BFOR, HHEa PR . PR
BLBR AN AE D A i T i E 0 ~ 5. 5 ~ 20 em )2
N NT.WMS>NT.WRM3>NT.W.I/NT.WM.1, NT.
WRM3 A2+ F AWK S 8H/AE 0 ~ 5. 5~ 20 cm
TR T H A A

4) MO TR, ALK . R YA Y ik
FI SO S 0 3 TE ARG, 25 5 I ML S A b
TR
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