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Abstract

Based on the results from 18-year long-term location experiment in dryland experimental area of
northern China, the effects of various kinds of straw return to field such as no straw returning ( CK) ,
straw mulching (SM) , straw crushing (SC), cattle manure ( CM) and different fertilization time i. e.
spring and autumn on corn yield and water use efficiency were studied. The results showed that the
experiment of combining autumn fertilizing with returning stalks to field could increase the yield and water
use efficiency of spring maize significantly compared to the spring fertilizing, meanwhile, it decreased the
accumulated water consumption and increased the soil water storage amount. The results showed that
autumn fertilizing increased 9. 71 ~ 15. 58 t/hm” in yield, compared with spring fertilizing. The range of
increased in yield was 8.33% ~ 16.19% . The total corn yield and water use efficiency in the past
18-year decreased in the following order; CM >SM > SC > CK. In different rainfall years, the corn yield
and water use efficiency were very different. In normal years, the corn yield was highest. In dry years,
the water use efficiency of spring maize was highest and yield increasing effect from straw mulching
combining with autumn fertilizing was striking.
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Tab.1 Experimental design

FEXCAA F X AR
Al T FF AR H

W N A

A2 TS AP 3636 1,38 H 4 6 t/hm®

kit A
A3 TS AT M3 W B 456 T, 38 M4 6 t/hm®
A4 REFTIE IR I BGE A 25E TR 45 v/hm?
S1 R AT K8 H
S2 FE AT A 3636 1,38 Hl 4 6 t/hm®
7 Jiti e

53 AR R Beik H A A 6 v/hm?
S4 S Ak S T B8 S 2 2856 [H B 45 1/hm?

1.3 #BAHE

e O M T AR, 2R E
KA 10 m DLR, #F 2 5 H [ Rk FE R
25.3% , 1992 4EFK Z2 4 50 1 B )2 1+ 1 3 2 ALk
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1. 07 mg/kg Bk fift & 7 i 76. 4 mg/kg | W BE F Gt
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SrE1.37 ~1.46 g/kg, &4 G 14.1 ~34.3 g/kg,

B B K AP 1993 ~ 1995 4 HH L 14 5
1996 ~2002 4F-J 3 24 34 2 2003 ~ 2009 4F Hy 54 5
31 5, % F 4.5 ~5.0 J #k/hm’, 47 i 60 cm , #kHi
34 ~37 cm, FEFEIE—RAE4 H 15 H ~4 J 28 H,
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1.4.1 FokAEY&TE

FEAFE K AR AT, 45 40 BEEC 10 AR T K H B35
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WP AIK 27.96% ~38.05% ; 5 B IE AL B AT b
B 18 AF Bl P2 R R 11,33 ~21. 04 t/hm’ , 3
FREEIR 10.13% ~ 18.81% , [A] IF 35 1 & K 55 #F
28. 13 ~39. 82 t/hm” , Ny R FF i H 4L T 5y S5 Y
AAUIEIE o B L 5 7 it JIE Xof o7 4h B8 b, 18 4R R
T E KRR 9.71 ~ 15.58 t/hm®, 14 7 5y
8.33% ~16.19% ., X F 2 J& K N F5 #F ik H Bk T
BHF ok TR IE S A ZE R R P A i 1 P, A
SR FF T i 5 4 1 40 38 K 43 3% 4310 5% e K &) 1 A

2.1

F2 1993 ~2010 EREFEHIKBER~E
Tab.2 Effect of deep fertilization and various kinds of straw return to field on yield in 1993 ~ 2010 t/hm’
4k X504y
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
S1 5.74 7.37 4.69 6.48 2.50 5.38 1.64 2.79 4.48 5.66 4.78 6.15 5.70 5.09 7.84 8.23 4.39 7.34
S2 6.03 7.62 5.71 7.47 3.06 6.96 3.42 3.07 6.39 535 6.31 6.69 8.62 593 861 9.09 6.14 8.56
S3 6.26 6.92 4.78 7.68 3.34 5.57 2.52 3.53 4.91 5.57 6.06 7.60 7.30 7.43 9.54 11.34 5.46 7.64
S4 6.74 7.81 5.64 7.86 3.39 6.68 2.50 3.72 6.32 7.00 6.73 9.22 6.98 7.96 10.18 9.89 5.71 8.32
Al 6.32 7.60 5.45 7.68 3.68 6.43 2.45 2.93 6.12 6.69 5.05 6.82 6.95 570 8.84 9.29 594 7.89
A2 6.56 8.36 6.36 7.65 3.81 8.21 3.47 3.49 6.98 6.35 6.82 7.00 10.15 6.99 9.32 8.69 6.99 8.52
A3 7.02 8.04 6.12 7.88 3.80 6.72 3.31 4.19 5.99 6.32 6.64 7.47 8.34 6.68 9.69 9.56 6.31 9.08
A4 7.31 8.32 595 8.27 415 7.92 3.29 4.42 6.80 8.13 6.88 9.02 7.93 7.19 10.92 10.69 6.59 9.09
®3 BHIEKBRERTELERSN
Tab.3 Analysis of corn yield with different treatments
WE ESEE% 18 45 iR it 17 3 15t L b 2 A LG A5 B N AT Rk 1 B
/t-hm 2 R PE e /t-hm 2 W=/ % 7t/ hm 2 B 7= 3/ %

sl 32.92 96. 25

S2 28. 06 115.03 18.78 19.51

S3 33. 60 113. 45 17.20 17. 87

S4 29.97 122. 65 26. 40 27.43

Al 28.92 111.83 15.58 16. 19 15.58 16. 19

A2 26.19 125.72 29. 47 30. 62 10. 69 9.29

A3 25.86 123. 16 26.91 27.96 9.71 8.56

A4 26.93 132. 87 36. 62 38. 05 10. 22 8.33
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Tab.4 Yield increasing effect after 18-year continuously straw returning to field in different precipitation years

R4 iy 5 4 IE 4 FAK AR
g s B e it BipeaL e s B R e Hea R
/t+hm > /t-hm 2 /% /thm ™% /t+hm? /% /t*hm ™% /t-hm? /% /t*hm =% /t+hm 2 /%

S1 2.65 4.79 6.35 5.47

s2 3.07 0.42 15.88 6.75 1.96 40. 87 7.11 0.76 12. 04 6.42 0.95 17. 40
S3 3.44 0.79 29. 87 5.59 0. 80 16.75 7.54 1.19 18. 81 6.28 0. 81 14. 80
S4 3.56 0.91 34. 40 6.03 1.24 25. 89 8. 02 1.67 26.37 7.05 1.58 28. 87
Al 3.31 0. 66 24.95 5.85 1.06 22.18 7.12 0.77 12.15 6.39 0.92 16. 85
A2 3.65 1.01 38.00 7.28 2.49 51.98 7. 64 1.29 20. 30 7.17 1.70 30. 99
A3 4.00 1.35 51. 04 6.68 1.89 39. 46 7. 62 1.28 20. 09 7.02 1.54 28.22
A4 4.29 1. 64 62. 00 6.78 1.99 41. 49 8.39 2.04 32.13 7. 69 2.22 40. 61
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Fig. 1  Soil moisture contents with different treatments in different precipitation year

(a) BEME (b)) FiEH

2.4 KEBEFTEEXNERKSFANZIE
2.4.1 AEMFEKE

KRS AT 38 HE AL 5 1 K A B I AE K 45
KO£ S) B, Bt AT AL BEAY 18 4F T oK 4E 7 71
FEK EEIRAR T B AT AL 2R (H 22 2 AU . 5 F i
JIE Xof o7 Ak B HE A, KO AIE Ak B R OR A= AR K B
ARk 4. 83 ~8.50 mm, KRS AT b FH A% Ak B E]
KA T IRE K A7 A — s 22 5, A e JIE 15 Bk it AT
18 AF TR A 7 3011 2 R 7K i ol A0 0 i A0 R A Uk
O < AT A TH R AR B LR G T RS AT R b
A RS AT AR

FORAE T RE K 32 25 TR AR T R K A
K(HKS),— MR IE W AR B4 40 B FOR A 1 4
MK ERZ, FKERRZ WP FER R, R
Ry EORFEK D .

x5 ARBAKERTAEBEFEIAALEN

EREBHRKE

Tab.5 Water consumption of growth stages after 18-year

continuously straw returning to field in different

precipitation years mm

P ORRAE S W4 EWE FAKE I8ENE
S1 314.00 359.09 448.21 461. 24 417. 11
S2 300. 50 351.34 439. 00 437.00 403. 58
S3 311.50 357.51 428. 36 445. 68 404. 44
S4 314.00 362. 16 451.76 450. 42 416. 17
Al 323.00 346. 41 455.19 440. 34 412.20
A2 309. 50 342.32 436.70 426. 46 398.75
A3 328.50 334.73 435.21 430. 06 399. 60
A4 323.00 341.70 446. 47 439.98 407. 67

2.4.2 EHEFMKE

FRIAFEFFIE B A% ISR 1 45 b 38 3 m IR+
TR K AL S S IE 2 .3 6 iR, AT LAE H

(1) FEAKES 18 F )5, Tig &Pt ik & FH
it , AN RS A 3 B 2K Ak B A 30K 4y 1Y I L A3
i KB J 4 A2, Hod 200 ~ 300 em - )2 4 4
T 7K e B iy, 4% A B S K B R B E AE 250 ~
270 mm;60 ~120 em + K & Fe %, & 4k 3 22 [H]
f 78 AL Y5 L 7E 106 ~ 119 mm ;0 ~ 60 em + 307 K £
JE . B KW L HOK R AT T 200 em £ )2,
FORME R B FLAR TR BE — B AE 0 ~ 100 em, {47 /D &
MR AT HLE] 200 em, K %GB -+ K3 & 7
IR BE VR TR AR RIBOK)Z A . 7E25
R IERT EWAR R E WY 0 ~200 em +
Ky AR )2 3Ok s AR 2L, Hop 0 ~ 60 em
T2 K 5 K 5 15 BB OK A B R4S, 60 ~
120 em + JZ W FE 1) K f K 7 b FAS B8 S i 45 3
Bef 7K PR I 265 T Ak 7E B AIK 1 7K OF 5120 ~ 200 em + 32
W B — 4~ 3 P 2,200 ~ 300 em I K AL A
R K o

(2) FEFFHE KRG AR A2 A3 b3 4% + )22 1 5
WK A AL A BRI BN ,0 ~ 300 em +-HERTK B
HERE N &, 4 N8 T 61,30 mm 1 39. 28 mm,
A4 QhFEE AT ARFE 3 m PR R I OK B A,
B 7K 43 A A i AS [a] 5 5 2o B 34 Ab 38 (A4) 0 ~
100 em + )2 £ 3K B > T 6.75 mm, 1fif 100 ~
300 em - 2 SR B0

(3) FEFEIE H &M AR S2 4b F 4% 4 )2 + 3P K
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T S1 AL BRI G H,0 ~ 300 em - HEI K b
FY 29.25 mm, S3 AhFEE ST 43 3 m % 414 3%
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Fig.2  Effects of different treatment on soil water storage in 0 ~300 c¢m soil profiles during harvest period after 18 years

(b) it it

Fz6 2010 FRHRYPELELRAFLERKE

Tab.6 Soil water storage of different treatments during harvest period of 2010 mm
FARZ R/ em Al A2 A3 A4 S1 S2 S3 S4
0 ~60 128. 20 136. 21 136.75 125.48 125.03 134. 68 124. 58 119. 00
60 ~ 120 109. 92 118. 41 116.29 106. 01 113.15 116. 38 109. 05 106. 58
120 ~200 157. 87 177. 67 170. 44 161. 21 156.71 168. 43 163. 45 159. 08
200 ~ 300 248.53 273.54 260. 32 256.13 250. 27 254.93 251.44 255.85
0 ~300 644.53 705. 83 683. 81 648. 84 645. 16 674. 41 648.51 640. 51
2.4.3 KR AR 3.17 kg/ (hm® ~mm) ,
22 7 .8 MK IARE AR A B E AL R ) E K K 4 Al (2) Toie it NE i 2 B it A , 45 4 31 v K K
R, AT LUE A3 F R R = BRI Oy < RS FF 3 I8 A8 RS 4

(1) FAFid M ARk 2= R0 AE A HLAS &, vl 3%
fem K MR . SFEMALALRE(ST) L, 18 4
B PIYMHIR R 4. 57 ~5.50 kg/ (hm” - mm) 5 5 kit
HEAL B CAL) Fe &g, 18 4F Rt -F 2 {5 2 & 2. 24 ~

i i B R AT B B AL RS AT RS .

(3) F KA FI AR, A 54 0 s, K3
ARGy B A o A FE T 5 0 BRI Ak B (A2) 48 i R
KRG T FH AR A0 RCRAE i 547 0 e R WA
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Tab.7

Effect of different treatments on water use efficiency of dryland corn in 1993 ~2010 kg/(hm’+mm)

E0Y

1993 1994 1995 1996 1997 1998 1999 2000

2001

2002 2003 2004 2005 2006 2007 2008 2009 2010

Al 13.71 .76 8.68 15. 11.46 14.68 6.41 9.02

6
A2 13.90 .36 10.13 16. 11.91 .78 9.13 11.67
A3 16.71 .73 9.68 16. 11. 66 .63 9.12 12.66

A4 16.54 .48

N=l

.50 17. 12.93 .08

il

61

ST 12.51 .12 7.35 13.22 7.96 33 8.

S2 12.88 .40 8.77 15.50 9.65 24

S3 14.56 .31 7.37 15, 10. 60 10

_
o
NSRRI

S4  14.68 .96 8.84 16. 10. 80 . 60

20.
23.

61
11

.93 16. .59 20.83 16.07 19.12 19.19 16.28 21.15

.54 22, .85 29.42 21.20 23.43 17.96 20.61 24.89

20. .93 25.69 19.99 23. 20. 44 .46 25.14

22. .67 25.30 19.53 24. 21. .91 24.28

.98 15.94 14.42 16. 18. .74 20.40

22.95 .72 20.44 20. .81 25.72

19.04 22.23 21.51 25. .56 20.51

19.08 21.27 22.60 21. .05 22.87
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Tab.8 Water use efficiency after 18-year continuously straw returning to field in different precipitation years

kg/ (hm®-mm)
JOBE] K AR iy 54 IE AR FAKARE 18 AEH{H b3 KEARE i 54 I AR FAKARE 18 AEH{E
Al 10. 24 17.25 15. 64 15.19 15.27 S1 9.32 13. 46 14.17 12.25 12. 84
A2 11.79 21. 64 17.74 18. 11 18. 05 S2 9.35 19. 36 16. 35 16. 09 16.27
A3 12. 16 20. 15 17. 65 17.34 17.51 S3 11.03 15.51 17.83 15. 11 15. 80
A4 13.26 20.27 18. 88 18.43 18. 44 S4 11.32 16.78 17.92 16. 50 16. 54
3 &R 5 R AKA T B & A0 OC, — MR R R K I Dk

(1) R[]y 2CREFF 18 Bkt I 38 7= 50 1 4
o Rk A 5 A it BE X L Ak B LG R 18 AR B
T KKK 9.71 ~ 15.58 t/hm®, B4 7= &y 8.33% ~
16.19% . AR AT I8 H 7 200 £oR = RAFEE S,
FL= bR BRI Oy < R A 3 G RS A 5 0
RS AT R B B2 50 RS FF AR 8 L, DL IE 6 4 07 7
SR IR AT R A S5 R HH A 7 O AR
FREFT B 0 A H

(2) R FFIA H BKOite AE AT DA GE B2 ok /> & oK A
HIFEK i, 18 4R P35 ok A4 & W FE K St i I3 =
MRYK A A FF B 35 30 RS FF B i B 338 W ORS AT
A H R RS H, ERAEFHEKRE FEE

AR A5 AL B OR A H AR K B £, IR W K
ERZ AR PR Z R PR R FEK =
wb

(3) AR AT 3t FH 5 2045 Ak P ] - S0 o e
IR AR DUAEAE W] K 22 S, A AT 8 S 0 T Ak BT 494 5
TIRAE K RE

(4) [FIFS AT R 38 TR LE , 7 AT 38 FH K it HE 4% 4k
HER ORI A RCR 18 4F 23T P I R 2. 24 ~
3.17 kg/ (hm’ ~mm ) 5 0 # BVAIRAR K < B FF 2 1
i RS AT S0 RS AT B B B A RS AR I8
F o 2% A0 BT K oK o0 RTS8 7 Gl 52 4F 03 B i, K
TRy e AR o R AT w5l P AR BRAR e ORIk 0 AL
R AR A Ml - 447 Fie W
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