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Effects of long-term conservation tillage on soil organic carbon,
maize yield and water utilization
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Abstract: [ Objectives] Conservation tillage is widely used in dry farmlands of northern China in recent years. A

long term field experiment (2003 =2013) was conducted to explore impact of the conservation tillage on soil organic
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carbon (SOC) , spring maize yield and water utilization. We demonstrated the cause of yield improvement in the
conservation tillage further, and then provided theoretical and technical support for dry farmland tillage.
[ Methods] There were three treatments, conventional tillage (CT) , reduced tillage (RT) and no-tillage ( NT).
Annual variations of SOC (0-20 ¢m and 20 —40 cm) , soil moisture at 20 cm depth, crop water consumption,
maize yield and water use efficiency were analyzed, and effect of the three tillage methods on above factors was also
analyzed. Correlation analysis between maize yield and above factors was done in our study. [ Results] 1) The
conservation tillage can improve soil organic carbon (SOC) content, the annual SOC (0 -20 c¢m) contents of the
RT and NT treatments were increased by 11.2% and 3. 4% compared with CT respectively, and the SOC (20 —-40
cm) of the RT and NT treatment were increased 5. 53 and 3. 29 g/kg. The increased rates of 0 —20cm SOC stock of
RT and NT were C 0. 365 and 0. 754 t/( hm®
crop yields: the average annual yields of 2003 —2013 of the RT and NT treatments were 5. 83 t/hm’ and 5. 39
t/hm” respectively, which are 14. 7% and 6. 1% higher than that of CT. 3) The maize yield under the tillage had

significant quadratic relationship with the soil 0 =20 ¢m layer water content, and had significant power equation

- a) respectively. 2) The conservation tillage significantly increased

relationship with crop water consumption. 4) The conservation tillage can increase soil moisture, reduce water
consumption during maize growth and improve water use efficiency ( WUE) : compared with the CT and RT, NT
increased the average moisture contents of 2003 —2013 by 1.90 and 1. 66 percentage points, whereas decreased
annual water consumption by 16. 1 mm and 7. 6 mm; compared with CT, RT and NT increased WUEs by 16. 1%
and 10.2% , and precipitation use efficiencies (PUE) by 13.9% and 5. 8% respectively. [ Conclusions] The
long-term conservation tillage can improve SOC and soil water content and decrease useless water consumption
effectively, thus improve yield and water use efficiency. RT has the best performance, followed by NT. In general,
promotion of conservation tillage is an effective way for increasing yield and water conservation in dry farmlands.

Key words: conservation tillage; soil organic carbon; maize yield; water use efficiency
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Fig.1 Monthly dynamic precipitations from 2003 to 2013 in the experimental field



1458 Y EF S E R %R 21 %

2007 4F 3k B B g {HL, 2 )5 B T B, A5 GE Bk TR
2010 4F 35 2l e /IME, Z J5 28 01Tt A B sk BT
2009 4FJE K 73 B T R B N s e gk B =
2011 ARJE TR I T 3 A A A L, S bk Ak 2 2K
o R R, R TG ER A, 1
SRR EKER 15. 2% , 53 VAL e A B
i 1. 90 I L. 66 A~ F1 73 s, AR I3 & FE ISl UL/, it
KRR N 13. 4% ~ 17. 1% 5 /D HFAE Bl
(1) 3 5 KA A AR 003 (2003 AEBRAN) 3 T2 G bk
VB AHZ2E R8N, AUAE 2008 | 2010 F1 2012 ARA77E
FXES, S RE LSRR T 0.24
griio HICRIR, PRI PEREVE S I A I Y -
IR RFEAVE L U HE SR B, Dy 4F 3k o3 & i
Py TG

9r —— CT —o— RT —a— NT

17

—
W
T

TE A KE (%)
Soil moisture 0-20 cm
= 0o

el
T

2003 2004 20052006 2007 2008 2009 20102011 2012 2013

4y Year
B2 TEMEEBELRESEY 020 cm T EFHEKR
Fig.2 Average moisture of 0 —20 cm layer in the growing

seasons of spring maize under different tillage practices
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DA H,0—20 em 4 )24 HLER & BARBR IR I shi Kk,
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18.89 g/kg, fudfi A 11. 88 —18.40 ¢/kg. HIEGHHE
FAEG, DR FR A AR HILAK & 2 S i, B iR
BEHR 4. 7%~ 26.3% , F@shifin 3. 09 ¢/kg; Gatbub#i
Xt MLAB (A B IR s B G, 58 2007 AF 85 UK
TAEGHHE , e A HLk 1. 85 g/kg, HILAT AL,
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Table 1 Water consumption at the growth stages of maize under different tillage practices in 2003 —2013

G OB
2003 2004 2005 2006 2007 2008

Treatment

CT 345.1 468.2 £5.9 a 368.5+1.8 a 398.0+4.1 a 494.9+7.1a 511.5+5.7 a

RT 334.8 462.3 £5.9 a 343.0+13.7 b 391.1+16.6 a  480.1+11.0ab 503.9+2.0 a

NT 332.0 426.6 £17.2 b 345.5+9.5b 375.9+19.6 a  468.3+0.9 b 499.4+11.9 a

b 11 A3

i 2009 2010 2011 2012 2013 FPHE
Treatment Mean of 11years

CT 395.3+7.4 a 396.0£5.0 a 340.8 +9.7 a 461.1+10.7 b 436.5+9.1 a 419.6 £4.0 a

RT 390.6£9.0 a 380.5+9.2 b 356.9+13.9a 458.7+6.8 b 419.8 £12.3 a 411.1+3.8 a

NT 385.2+6.4 a 386.2+3.1 ab 309.6 6.7 b 487.7+2.7 a 422.4+26.9a 403.5x4.6b

7 (Note) : [EIFNEHE JG A [\ 77 BE 32 75 4b B[R] 22 5 3k 5% & # 7K F Values followed by different letters in a column are significant among

treatments at the 5% level.
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Fig.3 Soil organic carbon and precipitation under different tillage practices (2003 —2013)
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FI17.6% . FK7=w S51EYHFEK & 2 (B 17 7F 7
KFR, ¥R 2 52K (P <0.05) 5 HHE .
DHE L AL B E R R KUK 0. 434 0. 418
F10. 464, f AT 3 FPEALHL T oK™ & S5FE
7K Sk (] B AH OC 2 B R w23, 52 FFAE A B 52
AR
2.6 AREIBHEHIEX KD T ARE., AR B
B4 EA

I 2 ] g, AR AL BRAG K 43 R R —

TAEGHE , 5 B e AL GE VR 2 5 36. 7% (2013
), ZARF B R RS 16, 1%, 275 T
RGHHE(P <0.05) . SEGEHAEM L, Gk ik
AT KA R A% 2. 6% — 33.7% , 5 v B
3.72 kg/(hm® - mm) (2011 4E) , Z4F - 7K 43 F)
HRCRBAL G AE I = 10.2% , 23 R B & (P >
0.05) ; S5/0HHELL, S b AbFHEK 53R HTBOR A BTk
K, AR AR 0. 71 kg/ (hm® + mm) (A ZAEH(EH 5
DHEETC B E S

K2 TEBMEEETEKKSFAKE ke (hm® - mm) ]
Table 2 Water use efficiency under different tillage practices in 2003 -2013

Ab 7
2003 2004 2005 2006 2007 2008 2009
Treatment
CT 13.89 10.34 12.57 11.37 13.78 10.4 10.52
RT 14.23 11.89 14.57 11.68 13.96 13.3 11.42
NT 13.55 9.90 13.22 14.08 14. 14 13.9 11.89
p2ii] -5 It CT 55 (%
it 2010 2011 2012 2013 TR (%)
Treatment Mean Increased than CT
CT 9.36 11.33 14.15 15.73 12.13 b
RT 10.31 12.72 19.30 21.50 14.08 a 16.1
NT 10.62 15.05 13.05 17.70 13.37 ab 10.2

7 (Note) : [FFEHE J5 A 6] 7B 3 75 40 B[R] 22 53K 5% i 3% 7K F Values followed by different letters in a column are significant among

treatments at the 5% level.

3 W, KA AR B AR A IR AR 5K
Gy R FRCRAR ], 2B b B A% G A 42 v e
0.9% ~ 35.7% , % = 84 /i 5.50 kg/(hm® - mm)
(2012 48 ) 5 SRk B S L SERHEAR L, 72 2003 ~
2007 473 8] K F FHACRA PR, 2007 485 2 2%

P, f K P R R 30% (2008 4F) o 11 4FH(H
DRE L SR B SRR AR 13.9% F15. 8% o
£ LRI, Ry R R | BRI AR ¥ R B A
DR G E T A GERRE

£3 AEHHERHE T EKMEKFAZE[kg/ (hm® - mm) ]
Table 3 Precipitation use efficiency under different tillage practices in 2003 —-2013

AL B

Treatment 2003 2004 2005 2006 2007 2008 2009
CT 12.50 11.80 12.70 11.70 12.90 13.00 9.10
RT 12.50 13.40 13.70 11.80 12.70 16.40 9.70
NT 11.80 10.30 12.50 13.70 12.50 16.90 10.00

R 2010 2011 2012 2013 SE-34{H Mean t CT 32 (%)

Treatment Increased than CT
CT 10.50 7.70 15.40 13.70 11.90 b
RT 11.10 9.10 20.90 18.00 13.60 a 13.9
NT 11.60 9.30 15.00 14.90 12.60 ab 5.8

7E(Note) : [AFNEHE J5 A [F] 7= HF 3 78 40 B[R] 22 53K 5% i3 7K F Values followed by different letters in a column are significant among

treatments at the 5% level.
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