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Rotational Tillage with Straw Returning Increased Dry Matter Accumulation and
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Abstract: The field experiment has been conducted to investigate the effects of different tillage practices and
straw treatments on dry matter accumulation, nitrogen accumulation, and water, nitrogen use efficiency of
winter wheat in 2015—2017. The split-plot experiment design was adopted. The main plot was straw retur-
ning (S) and no straw returning (NS). The sub-plot was deep tillage (DT), rotation tillage (RT) and no
tillage (NT). The results showed that, compared with NS treatment, S treatment significantly increased flag
leaf SPAD, photosynthetic rate and aboveground biomass in mature stage of winter wheat, while the yield of
winter wheat was not significantly increased. The yield of winter wheat was significantly influenced by tillage
practices. Yield of RT was significantly higher than that of DT for 4. 88% and 9. 05% in 2015—2016 and
2016—2017 respectively, and it was significantly higher than that of NT for 3.64% in 2016 —2017. Signifi-
cant interaction existed between straw returning and tillage practices. Yield of S+RT was significantly high-
er than that of NS+DT for 8. 68% and 16. 98% in 2015—2016 and 2016—2017 respectively. Compared with

NS treatment, S treatment significantly increased aboveground N accumulation and water use efficiency of
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winter wheat. RT treatment significantly increased water use efficiency, aboveground N accumulation,
kernel N accumulation, nutritional organs N operation rate and N grain production efficiency. Water use effi-
ciency of RT was significantly higher than that of NT for 8. 45% and 8. 92% in 2015—2016 and 2016—2017
respectively, and it was higher than that of DT for 5. 24% in 2015 —2016. The partial productivity of N
fertilizer in RT was higher than in NT and DT for 3. 68% and 9. 16% respectively, and N grain production
efficiency of RT was significantly higher than that of NT and DT for 10. 60% and 4. 78%. There was a small
decline in SPAD after anthesis, higher photosynthesis rater in anthesis and mature stage of winter wheat
existed in S+ RT treatment, that yield, water use efficiency, N partial productivity were significantly higher
than those of NS+ DT and S+ DT treatments for 12. 58% and 8. 53%, 7. 95% and 4. 11%, 19.79% and

11.44% respectively. Therefore, the treatment of straw returning with rotational tillage was suitable for

Huang-Huai-Hai Plain as a water and N saving cultivation practice.

Keywords: straw returning; rotational tillage; winter wheat; water and nitrogen utilization efficiency
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EWEINT 8. 87 Y0, F 7 MUFFRL M A F B B 4 B 4
24, 270 F 8. 76 Vo s B AFRIEH R RT 5 DT Ab 3
NERRMRBEEEFARE AN AEZHER
RT gb¥i% DT AbF4E 55 7. 81% ., S+RT AL FR4A /)N
FIFAEHI AR A AR S B, AR A E
R T H A AL 3, 43 51l NS+ DT b 34 i
21.52%,11.74%.,21. 86 %,

R3I TAALEMFHANRARSELEREZRERENTN
- o AL ER/ HARHER/ ZREMERR/ FRARBER/ HRARRRE R/
’ (kg * hm %) (kg * hm %) (kg * hm %) (kg * hm %) (kg * hm %)
NS+DT 188. 75¢ 75.79d(40. 15be) 71.81d(38. 05h) 41.15¢(21. 81ab)
NS+RT 192. 12¢ 76.31d(39. 73¢) 76. 13cd(39. 63a) 39. 69¢(20. 64bc)
NS+NT 213. 66b 85. 35¢(39. 99bc) 78. 04bc(36. 52¢) 50. 28a(23. 49a)
L) S+DT 193. 79¢ 76.59d(39. 53¢) 74. 25¢d(38. 29b) 42.95bc(22. 81ab)
S+RT 229. 37a 95. 76b(41. 75ab) 88. 88a(38. 75ah) 44. 73abe(19. 50¢)
S+NT 232.22a 100. 99a(43. 192) 83.02b(35. 74¢) 18. 31ab(20. 77¢)
FE AR A 58.05" " 158,86 * (9.26™) 24,1177 (2.15) 1.26(4.93)
F e B 47,977 " 107.50" * (4.19) 17.74° 7 (30.95" ") 10.89 " (6.49%)
EHAEH 12.25%" 35.89°* (5.03") 5.127 (1. 24) 1.96(2.91)
NS+DT 224.52b 32.14b(15. 73a) 23.96c(11. 73bc) 12. 35a(6. 04a) 135. 78¢(66. 49b)
NS+RT 223.32b 24.21¢(12. 05b) 21. 96¢(10. 89¢) 8. 88h(4. 41bed) 146. 39b(72. 65a)
. NS+NT 252. 28a 39.63a(17. 26a) 28. 65b(12. 50b) 8. 77b(3. 82d) 152. 4b(66. 41b)
A S+DT 233.67h 25.09¢(11, 89b) 25.13c(11. 91bc) 8. 57h(4. 06¢d) 152. 14b(72. 13a)
S+RT 254. 40a 28. 95be(12. 80b) 24.61c(10. 88¢) 10. 65a(4. 71be) 165. 46a(73. 16a)
S+NT 253.42a 39. 44a(17. 03a) 31.96a(13. 80a) 11. 53a(4. 98b) 148. 33b(64. 19b)
FEFFAb 28. 94" 0.50(4. 65) 8.66" (2.29) 0.31(0. 86) 33,71 " (4.75)
FAf A B 28.71" " 46,96 " (30.30" ") 28.64"*(19.17"*)  0.82(4.12) 14,79 % (52.00" )
LHAE 12.09" " 8.487 (7.52%) 0.61(1.9) 21.05°(24.95" ) 16.61°* (14.05" %)

VE <45 5 R AT R 2 R F A
2.3.2 ANEREHBRLANBFE  HFE4LATAL
FEFFALBEXS 2016 —2017 AR/ NE B RSB R R Lic it
VR AP F=RCR R M i 2 (P<<0. 05) . BFVE R it %)
BRGBEA RS R J0mAe - AR
FERO LR R RLA: P 5 ) (. 3 (P<<0. 05) . FH#F
AbFRFNHFAFEAE it 9 4 22 HAE I 4 /N Z BRI E AR
eis g ENEAR A 7 7 SRR AR 7 e O R R R AR
PR BT B (P<<0. 05), FSATIE H S 3R 88
REF BRI AALH & 7. 51 % FEFFE | R RT 4k
P NER R s i s i R RN WA 1 VAR AT
FEROMN A PR AE P OR A NT Ab 34y 53 17. 28%,
11.33%,13.85%,8. 62%,11. 24 % s F5FF A4 1 RT b33
ZNWERFR s Ris R AR IR EA RN
KA s R e DT A B4 3 #2857 13.99%,9. 90%,
9.39%,8.36%,8.09% ., S+RT AbFRE &5 & . 5k
R RN AE 7= ) R F A 7 48 B v T A A B A

NS+DT kb 43 5 42 %5 T 33. 66%,6. 47%,19. 85%.,
6. 4100 W EAFRLA P R0REE SHNT & 11,24 %,

2.3.3 A E#HEKRFRAKRSARE hHES
H1,2015— 2016 4EF5FF 38 H N RT 4b 3 4 B /K i
FEER AR NT b B /D 48, 22%  FE K B 48 NT &b B s
9. 72% KA IR DT HENT b3 533 42 =
T 5.23% M 16.49% . FEFFAIEH T RT ib# 4 5
WK AR NT A B b 14, 9590, B K 8¢ NT
AR 3.71% , SHRT &b B4 /N /K 43 F1) k%
B EE T NS+HDT FI NS+HNT b FE, 435155 6. 22%
A112.91% 52016 —2017 4EREAFIA R RT &b BH A 12
KA NT A3 > 10. 61 %, #E/K S48 NT 4t
BRI 10,26 %0 K4 R R $E DT R NT ib 24y
SR T 2.85% M 15.86% , FEFFAREH R RT 4b
PR IEFE R NT 2Bk > 75. 43 %, #E K 2 4K
NT khBEUE /D 8. 70 % . K 40 F FH 8% % 4% DT ib B &
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7.83% ., SHRT AbFRA /N K53 FIHIRCR 5 5L S

+NT Fil NS+DT B T 15.86 % A1 10.00% .,

4 FAELLE 2016—2017 EX N EBEMGESCHERESHANZMN

i BRGEAREHE BRENE RO A 7= F1/ AR WL REFRLAE F=RR/
H#/(kg + hm %) REBEER/Y (kg » kg ) w/E % (kg * kg™ )
DT 123.56d 65.53b 24. 56¢ 69.52b 32.15b
) RT 140. 85b 72.02a 26. 80b 75.33a 34.75a
NS NT 142.51b 65.2b 28. 40a 69. 44b 32.31b
{E 135. 64 67.58 26.78 71.43 33.07
DT 130. 02¢ 67.16b 26. 40bc 74. 84a 32.67b
RT 165. 16a 72.00a 29.42a 75.93a 32.46b
NT 140. 82b 60. 67¢ 25. 84bc 67.31b 29. 18¢
ME 145. 34 66. 61 27.22 72.70 31. 45
5 AT b 71 60.59" " 1.03 1.74 4.75 17.84°*
FE  #HELH 148. 49"~ 30.50" 16. 65" " 52.00" 18.36" *
L HAEH 37.98" " 3.70 21.80" " 14. 05"~ 8.10"
xRS5 ARALEFNEFRAERKSFI AN EHZN
2015—2016 4F 2016—2017 4F
fb P + K KK/ KA F R/ T K FEKH/ KA FIH R/
JH#E & /mm mm (kg * hm % e mm™ ") JH#EH /mm mm (kg * hm % e mm™ ")
DT 47.23b 281. 00b 29.72h 38.13b 303. 14b 24. 90bc
. RT 77.10a 310. 89a 28. 23¢c 34. 60b 299. 61b 26. 85a
NS NT 88. 63a 322. 42a 27.96¢ 60. 70a 325. 67ab 26. 16ab
PI(E 70. 99 304. 77 28. 64 49.79 309. 47 25.97
DT 55.47b 289. 26b 30. 00b 29. 10b 294.11b 26. 63a
. RT 58.90b 292.67b 31.57a 57.20a 322. 22a 27.39a
S NT 87. 30a 321.11a 27.10c¢ 63.07a 328.05a 23. 64c
¥I(E 67.22 301. 01 29.55 51. 30 314. 79 25. 89
Tl FF Ak 2 1.19 1.19 14.39" " 1.79 1.79 0.05
F{E  #HEa 37.49" " 37.32%" 42,247~ 16. 96" 16.89" " 12.57""
22 HAE 4.99" 5.03" 26.93" " 5.42" 5.41" 12.05""
3 i M1 5354 0 T4/ 2 O TR T I T )
N2 ToEAL RE T 6.86% M 2.36% (55 2),
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A5 DX LA S R R IR A A 45 5 i A R AR X 5 1 40 B
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Jite BE A %6 AR AL BRAE 4% /1N 22 FF AL 00 R SR 0 35 B A
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RS 000 24 A e 19 SPAD RIS 4 i %, FLAE S



533

SR/NFEAE  FEPFRE AT 1B WA 2 4 /N2 T AR 24 s K R Ak 287

SPAD FG G BT B R B me Ik, T8 5 17 44/

2 FERLEOR TR EE 30 1 G AR ) R

3.2 HHEHEBNEFIEMNZNEKRENAREY
A

TEPIWI AR — DL E SRR EERK
RE I3 — 5 L E SRS E Y B i AR R AR W
WA R S BAF R A R L4 . R S 0 B 15 e
AT AR 4 e AR AR /N LB | = K AR O A
i F - e W AT RS AR AR T AR 2R 1R 9 R R
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P 7 HIK AR R . 2015 — 2016 AFEFSFF A 14 /N2
IR FIFRCR A AL PR 53R 5 T 3. 18% ., MHF
VEFS IR » e PR AL B 4 390 /K T AR s AR K = /N T
Gk Ab B R T IR B AL B 302 T O B b B G in T
AETT A /N T AR 2L TR A BRAE HT A /N 22 T
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