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Table 1 Physical and chemical properties of tested soil

+)2/cm PRFRUST  / LR/ 2R/ A/ B/ [EIEESY S

Soil (gecem™?) (g kg™ H) (g+ kg™ b (mg + kg™ 1) (mg + kg™ 1) (cm® « cm™®)  pH

layer Volumic mass Organic C Total N Olsen P Olsen K Field capacity

0~35 1.29 7.63 0. 85 13.3 349. 6 0.27 8.4
5~10 1.23 7.46 0.87 11.9 330. 2 0. 27 8.3
10~30 1.32 6.93 0.78 4.9 244.0 0.27 8.4
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Fig. 1 Monthly rainfall in 2007 and 2014
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— B, AFH 1% 6 AL, HAK A 1L G
PECD) a5 M AT 2EAE Y 8 H My Mgk 5 #4756 1
UCBEVE .8 A 9 H 43 54758 2.3 IR BHFE .
WK 20 em 10 cm 15 cm,9 Ay #F)E#E 1 W%,
10 303 VR S5 1 FEAE 1 UK, 302 o 75 Ml X 3 Y ) %
GiBRVE DT 3 BE (N R 56 2 A B B R e B A
s BB G B R AL — UM 58 i A R R
o s A G HEAE RS TR L CTS)  #F4E 5 L F T3
BEES 1 B Ke T AR 2E 1R 5 AT B 3
BE+ A5 FF 8 35 (NTS) .« 3 43K 560 1R B 5 4
B+ G R4 B AL — Yk 52 Bt JIES 426 o, WACHR 8

S BIVEYIFE A 35 500 TR/ X5 4% S #R AR + M
B (TP HE X E T 75 2 BB G 16 Hb 3
7 55 PR AR, R SE 40 cm, [A]FE 20 cm, B A AR
YEW) s Sk + Ho 7 55 (NTP) . AR 16 By BE R
B dE R e FEFh oy XA TP, E&E 4 IR /DX
HEAL 80 m* (4 mX20 m),BENLIX HHEF . iKIEF
INZZ PR S E VS A0 T BN SRRl C sk 2
5, HANERKE 187.5 kg » hm % Bi Uk &
180 kg « hm ™2, Z47HE 20 cm, B .47 0F 24 cm,
R 7 em, F/NEREW A3 Hdfy,7
ATHZSH LAWK WE T 4 A LA, 7
Ay F A legk. /& & b B A 105
kg « hm *,P,0; 105 kg » hm 2 (JR&E + 4% ; i
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o4& 4 B A 20 kgehm %, P,O; 105
kg « hm ™ B FP AR SENE IR it . AE 9 A= K 30 1 [)
ZREN TR RN 2,4-D T FR 5 5 H B
1.3 WEMBEFE

1.3.1 x¥4BAET HOE.BITWIHKE. R
JHFR JI3E I E 0~5 em,5~10 cm F1 10 ~30
em IR

1.3.2 XBEELME +THELTSHE=—+
BERBUF R/ E ) X100% . b, H %
HUfH 2.65 g+ cm™?,

1.3.3 K% MEREAE 385K,
MEBE R 200 cm, HA 0~5 cm,5~10 cm Al
10~30 cm J2 PR FH ML 360 5 i i K i
TRIME 7K 43l 7 {% (% [ TRIME-PICO TDR)
M5E 30~50 cm50~80 em.80~110 cm.,110~
140 ¢cm,140~170 cm A1 170 ~200 cm 2 K {& R
K.

PR RS K = i B K X R R R i
1.3.4 Fmf  K/NXEBRDATHRIT R, H
P8 A W™ 5 (YY),

1.3.5 #KB(ET) ET=P+WI1-W2

Kep, PR FE/NEMGE AT W RKKER
(mm) ,W1 fl W2 435 M ai U 5 0~200 cm +
JZ A K & (mm) .

1.3.6 KafAzxEWUE) WUE=Y/ET

A, Y kR E i (kg « hm 2)  ET K5Zhr
F/K H (mm)

1.4 #HiELE

¥ Microsoft excel 2016 X %4 o 47 40 74 ,

FH SPSS 19. 0 i 17 B EF M 55115347 .
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2.1 AEBHERENESETEHRREMBILER
FE I 25 i

2 2 Al BRERSEXT 0~30 em 4 HEMARFR
RN EEEPE 0~10 em 12, B —
BINEZRAETFIIT 22007 4E/NEHL 0~5 cm + 4
R E NTS e ff, TR . NTS 5 T 27 &
£ .,5~10 cm fl 10~30 cm - BEARFH i 3 & 4b 7
LR FEEZR, 2014 4 0~5 cm HHEARMHFE
T>NT>TS>TP>NTP>NTS,NTS 5§ T % &
B2 ,5~10 em £ )2 NTS Ab ¥ 4 58 K F2 5 2 B
BALF T.NT.TP 4 ¥, NTS 5 T 422 57 i

#,10~30 em + R0 KRR TR E LR

2007 4E/NFEH 0~5 em f1 5~10 em T HEFL
BREERI A NTS | K. T &ML.NTS § T 25
. B/INE BT RAEFSI R, 2007 4 0~5 cm
SR T>TP>NT>TS NTP>NTS,
NTS 5 T.TP 2% B %, 5 NT.TS fl NTP %
25%,5~10 cm TR E NTS 5 T 27 1
=5 HAMA P2 RN T, 10~30 cm £5 4 B [H]
T EER, 2014 4F 0~5 cm + )2 NTS 43 +
BRI R NTS 5 T AR B3 ,.5~10
em +EH NTSENT . TP 25 AR E. 5 T 2
SE#E.10~30 cm L2 .NTS 5 T 25 B3,

[ IF, DL 2007 4FF1 2014 4§ [R] 4b 337 4 4E
B,0~30 cm AR &t Rl OR3P B4 DA AR
R (%) B < T 326 47 R AIG . n N'TS 4b ¥ 2001, 2007
A 2014 4F 0~5 em HIEARBIF & 9 50 1. 29
gecm *. 1. 14 gecm *H1.03 g+ cm ?,

ARIBEERE R 0~30 cm T HEFLIREE & A
WEA R 3, EH T — HF/NERETI,
2007 4 0~5 cm T HEFLBREE NTS 5 H {4 2 fiv]
25N E;5~10 cm RIESLBRE NTS 5§ T, TS
ZREBE. S5 NT. TP MINTP 25 KB F;10~
30 ecm FIEEFLBREE NTS 5§ T 2 R B %, 2014 4
0~5 cm THESLPRE NTS>NTP>TS>TP >
NT> T,NTS 5 T %% 3,5~10 cm +HEFL
B e NTS 5 Al 25 4b #E ) 22 55 W 2, 10~30 cm
TIEABRENTS 5 T 2R RBE, F/NE B
BAERFHIT 2007 47,2014 42 0~5 em.5~10 cm
TR R A NTS & K, T /N NTS 5
TZ25EE. 10~30 cm HHESFLEE NTS 5 TS
RARE.STEFRE.

G . L 2007 4FFl 2014 4F [6] kb 357 34 {8 L
B, 0~30 em 38 FL B RE Bl D) 47 4k B AR i FH 4 FR
f 9IE K TN 2 W B R, NTS 4R 3 2001, 2007,
2014 4 0~5 cm + HEFLBR B 4 0 Ok 51. 32%
58.49% .61. 32% ., X & B L 4 Bk AE AT R G
0~30 cm )22 + SR B o o, 4 - B AL B
Forb S RS AR AL 35 0 PR AR 0~ 10 em 42 )3 + 4
RBU &  H B ERTH R )2 LR LR
I FHAF R A B8ORS

PRI o o FH O 4 Pk B VA R T 4 S 25 4 1 &5
Lokt I R VR 3 7 29 A, L rh DL A
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Table 2 Soil volumic mass of 0—30 cm in spring wheat and pea field under
different tillage practices from 2001 to 2014 gecm’
L2 /em 4h3m Joor i — /N (P-W) FNFE—HE(W-P)
Soil layer Treatment 2007 2014 2007 2014
0~35 T 1. 29 1.24 a 1.23 a 1.23 a 1.24 a
NT 1.21 ab 1.17 b 1. 14 ab 1.18 ab
TS 1.22 ab 1. 12 be 1.07 b 1.10 b
NTS 1.15b 1.05d 1.05b 1.02 ¢
TP 1.23 ab 1.16 b 1.20 a 1.16 ab
NTP 1.22 ab 1. 13 be 1.11 ab 1.13 b
5~10 T 1.23 1.26 a 1.23 a 1.25 a 1.25 a
NT 1.21 a 1.22 a 1.17 ab 1.24 ab
TS 1.25 a 1. 14 ab 1.18 ab 1.12 cd
NTS 1.25 a 1.06 b 1.13 b 1.10d
TP 1.24 a 1.18 a 1. 20 ab 1. 20 ab
NTP 1.22 a 1.14 ab 1.15 ab 1. 16 bed
10~30 T 1. 32 1.32 a 1.31 a 1.29 a 1.29 a
NT 1.25 a 1.30 a 1.21 a 1. 26 ab
TS 1.31a 1.24 a 1.24 a 1.23 b
NTS 1.28 a 1.23 a 1.27 a 1.20 b
TP 1.27 a 1.25 a 1.26 a 1. 26 ab
NTP 1.26 a 1.24 a 1.21 a 1.24 ab
W FFIAN R /NG TR R R AR E 0. 05 KF E25 8%, T,
Note: Different lowercase letters indicate significant difference at 0. 05 level,the same below.
F3 2001 — 2014 FEBHERET/NEMBTEZ M 0~30 eom TEFLEE
Table 3  Soil porosity of 0—30 cm of wheat and pea field under different tillage practices from 2001 to 2014
%
+J2/em b 2001 BE —F/NEP-W) /N — B (W-P)
Soil layer Treatment 2007 2014 2007 2014
0~5 T 51.32 53.21 ¢ 53.58d 53.58 ¢ 53.21d
NT 54.33 b 55.84 ¢ 56. 98 bc 55.47 ¢
TS 53.96 be 57.73 b 59. 62 ab 58.49 b
NTS 56. 60 a 61.13 a 60. 38 a 61.51 a
TP 53.58 ¢ 56.22 bc 54.72 ¢ 56.23 bc
NTP 53.96 be 59. 24 ab 58.11 b 57.36 b
5~10 T 53.58 52.45 b 53.58 ¢ 52.83 ¢ 52.83d
NT 54.33 a 53.96 ¢ 55.85 b 53.21 cd
TS 52.83 b 56.98 b 55.47 b 57.74 a
NTS 53.58 a 60.00 a 57.36 a 58.49 a
TP 53.21 ab 55.47 be 54.72 be 54.72 be
NTP 53.96 a 56.98 b 56. 60 ab 56.23 b
10~30 T 50. 18 50.18 b 50.56 b 51.32 ¢ 51.32 b
NT 52.83 a 50.94 b 54.34 a 52.45 b
TS 50. 56 ab 53.21 a 53.21 ab 53.58 a
NTS 51.69 a 53.58 a 52.08 b 54.72 a
TP 52.07 a 52.83 ab 52.45 b 52.45 b
NTP 52.45 a 53.21 a 54.34 a 53.2la b

2.2 AEHEHEETEME 0~200 cm L&
MEkEEETHK
N TR ER A B 8 it % /0 22 6 o 3 - S A AR

FKEM I EEEPLE 0~10 em 12 (E 2),
2007 EEHE DT H N H /N EHIFFE 0~5 em 1 1
R EKE NTS 5 T.NT 2738 %,5~10 cm
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A KR NTS 5§ TNT, TP 4bFi 2% B B %, 10
~30 cm K AL PEEAN B E, BiEM 0~10 cm £
JER YRS K R BN HEF y NTS>
NTP>TS>TP>NT>T,NTS fil NTP # T 4
SR 25, 83% 1 18. 09% . F/NAE L 0~10 cm
2 AR K R R B R L NTS,NTP
BT o 34 36,3320 23.31% ., 2014 4R %5
M HF/ANEMEE 0~10 em T4 & K &
NTS #1 NTP 4b#i &5, T #l NT %, NTS #l NTP
AEEEE T A1 NT APk B 3 ,10~30 cm AT 4
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——T —0—NTS

5 10 15 20 25 30

KEHGH NTS 5 T 2273 W%, F/NEH NTS
MNTP S5 T2R5E%, Bigl 0~10 cm + )2
EH R E K B R BN HE R o NTS >
NTP>TP>TS >NT>T.NTS 1 NTP # T £
= 49. 16 % F1 36. 47 % . /N BUAH IR # #,
NTS Fl NTP # T 43 54 w544, 29 % F1 38. 71% ,

IR I, G Bk s T 2 5 R 4 B b 58 78 35 BB 4K
Bij 1k 3K I3 2K K fif - HE ELA R K &L R
T R B 4 A A BRI R A R B A A
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Fig. 2 Soil volumetric water content of pea and spring wheat sowing stages at 0—200 cm

under different tillage treatments in 2007 and 2014

2.3 AEA#ERENBENENERKE . T2
Bk 4 F A E K R0

T 2007 “EAERE AP S 20 2 R JCA 8%
K B R R 5% L B0 L B 0 S T R
2007 FEH G HF/ANE S RCEAMT . WK 4
7 DR AP B A 5 X 1 P FE UK AE AE 22 5, 2007
AEWIT NTS b FE K e 2. NT &2, NTS §

NT R AR EH: HNLMLI T FKERZ,NTS
Wz, NTS 5 T 2% AE#E. 2014 4B H NTS
FEKIRZ NTS 5 T 25 8%, H/A0FWE NTS
¥k TP /0 .NTS 5 TP 272 E¥. U2 a
S AL BT NTS HH A& 4b B 22 1 #E /K 43
19.50 ~32. 44 mm, F/NZFE NTS 4k 3 5 ] 55 H
AEATRZIHE 2. 21~47. 63 mm KA.
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Table 4 Effects of different tillage treatments on water consumption,yield and water use efficiency

FE/K it /mm Water consumption

KRR/ (kg « hm™?) Grain yield

WUE/(kg * mm™ ! » hm %)

Ay piEi!
Year  Treatment BiE ANE Wi e HwANE i e HwANE
Pea Spring wheat Pea Spring wheat Pea Spring wheat

2007 T 129. 54 ab 195.03 a 205.59 cd 561.53 ¢ 1.59d 2.88 b
NT 120.93 b 177.38 a 276.86 bc 633.47 be 2.29 be 3.57b
TS 125.79 ab 189.68 a 341.86 b 666. 30 be 2.72 b 3.51b
NTS 132.36 a 194.15 a 552.61 a 943. 87 a 4.18 a 4.86 a
TP 122. 40 ab 164.51 a 179.87 d 731.79 b 1.47 d 4.45 a
NTP 128.40 ab 193.01 a 248.72 cd 926.44 a 1.94 cd 4.80 a

2014 T 245.11 b 196. 50 ab 1193.65 ¢ 1 085.87 ¢ 4.66 ¢ 5.53d
NT 252.24 a 167.15 b 1 228.42 be 1 111. 22 be 5.59 be 6.67 dc
TS 231.86 b 172.78 ab 1367.49 b 1273.51 be 6.63 ab 7.47 be
NTS 281.28 a 201. 80 a 1610.86 a 1671.73 a 8.28 ab 8. 34 abc
TP 226.37 b 136.19 ¢ 1525.31 a 1339.33 b 7.64 a 9.97 a
NTP 226.51 b 181. 15 ab 1529.73 a 1 601.76 a 8.03 a 8.89 ab

2007 4F 95 & 77 & NTS>TS>NT>NTP>
T>TP,NTS 5HAKA M2 7 W% NTS & T
P 169 £, F/ANE & NTS k&, NTP &
Z THEM.NTSS5 NTP TR ZXR. 5T %5
%, NTS, NTP 4 T 4 5 # & 68. 09%.
64.99% ., 2014 4P 7= & NTS>NTP>TP>
TS>NT>T,NTS 5§ NTP. TP 28 AR %, 5
TEFBENTSH THE 34.95%, H/NE”
B NTS.NTP & T 435455 53.95%.47.51 %,

AN TR 4 P B A 5 it ot 5 0 RN AR /N 22 K 43
U W52 ) He A 5 7 & — B, NTS F1 NTP 2
T AR N A K R R, 2007 AF B
OB /NE KRR NTS W T 4 5 42 5
1. 6315 F1 68. 75% . 2014 4E8i & A /N F K5
3% NTS &8 T 43 545 77. 68 % #150. 81 %,

25 LR S BE RS AT 2 55 RN G B b B 25 A
HEMAE Py HE /K B 10 R B 90 5 RN AR /N2 B i Ky
FIHRCR B Z 4 = .

3 Wik EHE®
3.1 REIHHE S RS S0 R R R B W

A 1 I X 438 i fk 3 ) B2 gl 5 | -
P B A 2 AR (BB - S R U

E=N1= A

BRI O E R AR — 2, B A [ 17 )

FER I SRR AL 5 7T L A B IR B i, 4
0 AL B R L B R A Bl O
R B S EEHEL T 0~10 em £ )2

TSRS 22 SO B, HL S B b g A RR T
R AW ESE 7 a F 14 a B9 PR R
VEE AR K B, DR 37 PE B 1 25 Ak 31 2 B e A1
SRS B0 A S LB L HLBE DR B e AR
FHAF R B9 5 < A BF 5 AT 8 36 FE IR 0~ 5 em I
5~10 em 4 JZ T SRR B & 48 - 98 L B RE 2%
Rl X Sk E E B 2EN P s R
— BN 5 R GEREA BUR LE I S B BE R
bR B B B R AL . A AR A
L BF = b AR BR 5T A B R B R A AT
JPRBEAEIR R i k&Y. B 7E B P
o J P PR SR AR DX S B B R T B A B TR
SRR BRI 390 b AL B E P AR B B eSS
Fys B RS AT B s s A A T L3R m A 2 1L
YR R K B3 RAF - e B A,
3.2 AEMERENLTESKE EORKE.
FERKSFRAMEN RN

A R 5 R R D0 B v e A AR Y S )
R R ol 3 A T R 39K 3 R B R A R
2 DR UIAR G T B S 8RO UL K R AR
FRR LA 2 AR g A I E S R BV it
T YL G AENEER 0~200 em R HEFKE L
B SRS AT T o A e B SR 5 0~10 em 1)
2 SR AR K R B T AR G AR
ETR AT R K S BRBE L 3 5 K AR AE AR
T8 JL Y5 44 0 10 DX 50 38 A AR P PE AR A A T £
K 53 A7 45 FARARL 5 [5) B BIF 92 B G B P
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B LR L 3X 5 R D ko
e B[R] — 52 7 3 56 i S A o 4 R — 2. b sk
T FF 7 35 A0 F 2007 A () 3 5 VR /INEE 7 i F K 43
FI IR 203 3 B A e MEPE & & 1. 69 £, 1. 63 %
F168.09% .68.75% ,2014 4EHi T . F/NE B
K43 R R o i 2 34, 9526, 77, 6824 Al
53.95%.50. 81 %0, Ho It PRS2 K 0 G0 Bk A AT 7 25
AR T A R B A A AL B A 4 o L A
FRET T B E A 5l ELRS FF 2 35 A0 G0 Bk i
T8 5 A O R TR A T b 3% R A AR R AR
HEK o378 5% o WA AT PR R K A G 385 5 RE o DA T 42 5
YEH) 77 i 5 7K 43 R ko

SN2 HE B b B TR b DX LA G B R AT
B AR AR PE R VR R T DARR 2 20
SEAEH B R K o R SRR 7 & A ARl
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Effects of Long-term Different Tillage Practices on Soil Volumic
Mass and Crop Water Use Efficiency of Loessal Soil

DENG Chaochao, LI Lingling, XIE Junhong,PENG Zhengkai,
WANG Jinbin, XIE Jianhui, SHEN Jicheng and Eunice Essel

(Gansu Provincial Key Lab of Arid Land Crop Sciences, Agronomy College Gansu Agricultural University,Lanzhou 730070, China)

Abstract A long-time fixed-point experiment was conducted to study the effects of five different con-
servation tillage [ no tillage(NT) ,conventional tillage with straw(TS) ,no tillage with straw mulching
(NTS), conventional tillage with plastic film mulching (TP), no tillage with plastic film mulching
(NTP) ] and conventional tillage on the soil volumic mass, water content, water consumption, crop
yield and water use efficiency. The results showed that conservation tillage decreased the 0 —30 cm
soil volumic mass and increased soil porosity, NTS significantly decreased 0—10 cm soil volume mass
and improved the soil porosity,and with the extension of the application period, the effect was more
prominent. Conservation tillage significantly improved the soil water content of 0—10 cm soil layer at
sowing period, especially for the NTS and NTP treatment. Compared with traditional tillage, NTS and
NTP treatments increased crop water consumption, crop yield and water use efficiency at the same
time, but NTP treatment could not improve soil structure sustainably. Therefore,long-term application
of NTS can significantly improve soil structure,increase soil water use efficiency, thus, this can further
increase crop yield, promote the the sustainable development of agriculture.

Key words Tillage practices;Conservation tillage;Soil volumic mass; Yield; Water use efficiency
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