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AN RN EKAE KA MK AR, 5 GEREEART E, S F ARG K AR S KA 2 K AR A /N R TR A & 0 0 ~
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Effects of No-tillage on Nitrogen Accumulation and Yield of Winter Wheat
under Different Precipitation Patterns

LI Sen' WEI Hongyi® WU Jicheng® YANG Yonghui’ DING Jinli*
(1. Key Laboratory of Crop Water Requirement and Regulation, Ministry of Agriculture and Rural Affairs,
Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China
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Zhengzhou 450018 , China 3. Institute of Plant Nutrition and Resource and Environmental Science ,
Henan Academy of Agricultural Sciences, Zhengzhou 450002, China
4. School of Geography and Tourism, Zhengzhou Normal University, Zhengzhou 450044, China)

Abstract; Based of a long-term tillage experiment from 2011 to 2017 in Henan Province, the RZWQM?2
model was calibrated and validated. Effects of no-tillage on soil water storage at the depth of 0 ~100 e¢m,
nitrogen accumulation in aboveground and root, crop yield and nitrogen use efficiency of winter wheat in
different precipitation patterns were analyzed. The simulated results showed that the nitrogen
accumulation in aboveground and root and crop yield of winter wheat in different precipitation patterns
were decreased successively in the order of wet year, normal year, and dry year. Compared with
conventional tillage, the average soil water storage at the depth of 0 ~ 100 em under no-tillage was
significantly increased by 11.3% , 12. 9% and 16. 9% in dry, normal and wet year at the whole growing
stages of winter wheat, respectively. The aboveground nitrogen accumulation in dry year and root nitrogen
accumulation from heading to harvest stage in normal year under no-tillage were both increased by 2. 5%
and 3. 1% compared with conventional tillage, respectively. The nitrogen use efficiency under no-tillage
was increased by 26.7% , 8.7% and 6.0% in dry, normal and wet precipitation patterns respectively
compared with conventional tillage. However, compared with conventional tillage, N fertilizer using
efficiency was increased by 11. 7% in dry year, and decreased by 1. 7% in wet year.
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BRI &/ NERR MR AR A FHRER 5T, JoH
S/ NEREH AR REFE,

RZWQM2 ( Root zone water quality model ) F57 £%
B 7RG I A BB R R G T
EFTREAUBIEOR , 5o T Gl i 56 75 125 19
B, BEAS DL S R AL SERHVE 25 10 T BOK R
Fefetyrs ) o A SOR) S B AL e B VR 0 45
P2 Bk RZWOQM2 AR I 1] FH A A A4
IKAE SPKAE R K AR S Bk A /N A R 3t B BB FIAR
TRA R BLRRHIE AT 58 S B A5 1F T R R A A
Py i AN [ R K AEBL R e 7, B TEOC AL B 4
RAEF AR, BN - PR PR

1 HREH%

1.1 iRt

TG A B TEIT R 24 T 7K AR b 3 0 5 b
(34.16°N,113. 15°E, #f4% 150 m) , 1% X Z 4
YR R 674.9 mm, T3 N+, IR R
Y B E A VLB L 123 g/kg AR
F 0. 80 g/kg JK AR AT L L 47. 82 mg/kg o % o
I 6. 66 mg/kg B B LL 114. 8 mg/kg, AN
oAb PR A SR E R e b, A PR 3 IR
52, AGGHHERAE FRWOR G | B 4 0FS A1k ik 7

MR FHALEE A TR B 20 ~ 25 em REAS AT IR
SAHRAE FRURSG , el RS AR e B S AE 2,
HAbR I, AL/ NE G RO JEPT 587 4k Al
h 150 kg/hm® , FEFPIFE] S 10 7 rhf) , i 1]
AR5 AN A) AT 23 em, A/ NEREFIHTE KRR
(4R 225 kg/hm®) GEBERRES (P,0; 105 kg/hm®) Al
BRERET (K, S0, 75 kg/hm® ) , — UL, /X T AR
36 m*(6mx6m),
1.2 BEkERNYS

MIEHFFE X 11 4F(2006—2017 4F) K BERNHT
AANEAFTWER KR 229. 1 mm | [FK &1
Ji2E04 58. 1 mm,, [F7KAE LR o HCHR 48 5k
PRUEN TR O B4R A/ N AR B R K i ¢
AN I S K 2 (H S B K B 7 25 R 1L
{8, THRAE BT 0.35 N F KA, THRISEUNT
- 0. 35 MHRAE THAEHOT T -0.35 ~0.35 Z ]
KA, TR R R RN 1 s,

R1 20062017 FZ2NEEFHEKFRIFER
Tab.1 Precipitation patterns in growth period of
winter wheat in 2006—2017

A AEEF WK /mm TR R K AR
2006—2007 248.7 0.34 Tk 4
2007—2008 208.5 -0.36 ik A
2008—2009 242.9 0.24 oK AE
2009—2010 238. 4 0.16 K AR
2010—2011 93.9 -2.32 A IKAE
2011—2012 246.7 0. 30 KA
2012—2013 186.5 -0.73 MK AF
2013—2014 245. 4 0.28 FoKAE
2014—2015 269. 4 0. 69 FKAE
2015—2016 198.0 -0.54 i KA
2016—2017 342.7 1.95 FIKAE

1.3 #SENERTEFKETE
%P 10 d SR DZN2 — 1 % FDR {2 0 ~
100 em HJEHK 3 & 5, IS A (NO,-N) &
R 4 S 3/ B A ( TRAACS 2000 #Y) #4710
FE o A BLAR & iR R R A R A i
AN e RNV X AR 2R s UK B8 5
(3 8, RS 4 m? FEARAEE SR, KT, BRETH™
TA/NZH GBAN S AR IR
PSR AERIMREE  FESL T 105°C /35 9178 70°C T4
Z i EE WE TP, R HWREIRTE & E
EYLUCERENE Mk em 'Y,
-3 K AT L ZR G MU 55 A [ s B A% Ak
BRI 4K AT RGO, R e T 48K 4319 BLSEAE,
1 m BRI A
W= wDH, x10/100 (1)
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D— i R HIERE o/ cm’
H—"5 i )2 ZEH  cm
1.4 HEEBERERKNS GREE
RZWQM2 & R rp 58 38 e Wit i A A AR
(N) BZERB IR E . S0 MR ) S0 38 AN Bl A2 A
YA T AL R AR IR B AL AT AR &
S A RRRE T R S B A AR,
WA R N SR T ALY A8 B . 24
FERRAL T S A6 I Be i, 1 Se il 2 AR AR 1 R A oK
TEW /2 T AR B FEAR R T oK AR T A N, 4%
I RIZE ) T 2R He A T o e
1.5 #RERFEFWIE
R AR IR (A AL A5E H G800 I8 |
VYEWI 2 500 )48 B8 . Hoh, 2 H AR B
(LA A PR 4 S AR R 2 ) fl v [ RO Bl 2 i 3
FHRSS M (http : / ede. nmic. en/home. do) FRHL, +

BEBE IR T H A SSIE . T 2014 4F 10 H fEilgw
ANDR B I R A AR S W £ K 12 S8
(F22), Lol g M (E R FH RZWQM2 42 41 1 BRIA
8, b, I 2011—2017 sEAE G HEE (CT) 19 &
TKEE B S A /N 7 BORF R 2R B i S
X RZWQM2 BEAY 73 |l it F A o i 49 4 )2
FoKE AHUK A ORR A S A RIOR , SR R
BT Bl R A A 9 T K S R A R R 1) B
{H, DT PR UEARSE 7Y 32 0 55 I AE AR VPR 2500, A
Yy ih Fh S8R RZWQM2 BRI [ 4 1Y PEST 241
PR T N2 S ECR U R B (PLV) DA
WU R B PID) M 22 1) A 3SR T 8C
AR (PS5 ) |t i a] I 0 1) A Rz A% KT 8°C A R
(PHINT) FPRLECREE(G1) FRifEdFRiE R A (G2)
AR RER A (G3) (£ 3) , MIEMAEK K
B WIRE Y r= i B 45 R, 7 S HCR E B al
L A 2011—2017 4F A9 S8k (NT) 5200 %540 H T
FREAL R B E

®2 RZWQM2 ARG TIEVIAKAWSHAENRIE
Tab.2 Soil parameters and soil organic pools initially used in RZWQM2

e/ i/ TR K VEEF 31 TSk, AHLBBE L AHLBU A L BT L
cm (grem™) /% % (em:h™') (P (pgeg™) () (pgeg™") (18#)/(pgeg™")
0~20 1.10 51.6 11.2 0.25 3000 3000 4000
20 ~40 1.39 45.2 9.8 0.07 2551 2551 3401
40 ~60 1.47 48.2 10. 4 0.10 1470 1470 1906
60 ~ 80 1.52 49.3 9.2 0.10 759 759 1014
80 ~ 100 1.52 47.4 10.3 0.14 407 407 542
F3 ZNZED@RIMBESH
Tab.3 Genetic parameters of winter wheat
2% PIV/ PID/ P5/ Gl/ G2/ G3/ PHINT/
d (%-h~") (C-d) (#-g7") mg (mg-hi~'-d™") (C-d)
Ak e 48.73 123 491.3 22.2 52.81 1.924 89. 58
N A | =g el
1.6 REENRIEMNIEHR 2 BEEREELN

R 8 B E 3 19 RZWOQM2 5 RS | 43 5 #5481
F 7K 4 (2007—2008 4, 2010—2011 4% 2012—
2013 4 2015—2016 4F) | “F /K 4F (2006—2007
4E 2008—2009 4 ,2009—2010 4F 2011—2012 4F
F12013—2014 4) Fl = K 4F (2014—2015 4F I
2016—2017 F) S HAEFI R 0 ~ 100 ecm + )2
roka i EHA R RE WHARHEEMA
ANFE TR B R B LR IR R B O AR R 22
(RMSE) 1 AH Xt % 2% ( MRE) R ¥FA4r, H H RMSE
F2 T g W AR DL 2K R A 4 X6 TG g 1 R AR A BN
MRE 3 % 5 WA LRI A A X TE Ik

2.1 RBVEFEFAIIE

FIFH 2011—2017 FAE G HAE LR )Z (0 ~
20 em) A MRS 0 ~ 100 em + 37K & AT NO,-N
TP AN L E R R R AN
KPR A B X RZWQM2 BRI T TR (£ 4) .,
RHUZE R AL G - 13 2 LAk & 4l
{85 52 9 { #H 3% ( RMSE 4 0.73 g/kg, MRE X
0.12), H 2011—2017 43R 24 Lok 7 & S 1)
A BE S0 11. 4% . RZWQM2 £ I RE 4%
U AL 14 0 ~ 100 em + 27 /K &, H RMSE
47 18.80 mm,MRE }y 0. 14; + 3¢ NO,-N & & £ i
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RMSE 4 6. 10 mg/kg 1 MRE J 0. 44, {5 8] RZWQM2
FARIGE A B AL+ S S A B A (R 1) 1%
GEBHE 4 /N7 7 A 400 A S (B 9 RMSE 2
620. 3 kg/hm? , L] RZWQM2 45 75 RE % 45 - Hb A5 4D,
KNP (B 1) s b A R B R R

YR L (E R S I fH RMSE 43 S A 87.9,
82.5 kg/hm’ (& 1), RMSE # &= Al 68 th T — J7 Ifif
RZWQM2 #5484 e il 45 &0t H: RMSE 427,
Fi—J7 T 2015—2016 /N A B W A K4 540
KRR AL

x4 BEMRELERE(0~20 cm) HHERESE. T 0 ~100 cm 7k E5 NO,-N & EEMEFENE
Tab.4 Simulated and measured soil organic carbon (SOC) in top 20 cm soil profile, and soil water storage
and NO;-N under CT in 100 cm soil profile

2 LA FAUE RMSE
2011—2017 4 A PR & BT BIE/ (g kg ™) 15.0+1.8 13.11.1 0.73
+30 ~ 100 cm SFEIN /K E/mm 136.8 £39.6 145.4 +27.2 18. 80
30 ~ 100 em NO,-N 5 E P/ (mg-kg™") 13.6 6.3 9.14.7 6. 10
12000 , 500 ‘ ~ 400 ]
R o S~ o S g o Sl
i, 10000 - Bl 4 £ 400 ~- i F 300 —o— Bl
< 8000 I8 3, ¢ = E
iy B2 300 i 200 L {
< 6000 _‘j 4 ¢ uki]
1 ﬁg@ 200 E;jlz 100 E ¢ E
£ 4000 =% X
2000

2011 2012 2013 2014 2015 2016 2017
Efy

ll)02011 2012 2013 2014 2015 2016 2017

02011 2012 2013 2014 2015 2016 2017
iy iy

B RGBSR B R R AR R S 2 B B A A S

Fig.1 Simulated and measured winter wheat yield, N in biomass and N in grain under CT

FIFH 20112017 4E S HFEE X RZWQM2 Fi R
PEATHRIE (£ 5) . B REM, £10 ~ 100 cm
WK AN 7 BEUSCR A AT , HE RMSE 43 51A
18.0 mm F1752. 1 kg/hm’>, H: MRE 435/} 0. 07 F

0.08, RZWQM2 #iH#Ifig g 5 B 1 1% NO,-N &
i E A R A R R AR S i, RMSE 435
4 6.5 mg/kg 97. 3 kg/hm” F181. 2 kg/hm* ,MRE 43
oA 0.47.0.35 F110.29, #i1 F3#HAEYE MRE 0. 11,

x5 GHEBEELEMNERN RMSE

Tab.5 Goodness of simulation across all years under NT in terms of root mean square errors ( RMSE)

S8 PURILE(ED [ EIVRIEN RMSE
F3€0 ~ 100 em FHI K &/ mm 190.3 +34.2 197.3 £32.1 18.0
44 NO;-N &t F¥IME/ (mg-kg ™) 13.6 4.9 7.1+2.5 6.5
KN PR/ (kg-hm =) 7 000. 7 £859. 7 7410.1 +717. 8 752.1
M b FBAE Y/ (kg-hm ~2) 12 845 +374.9 12379.3 £502. 4 475.9
M | FBR R R/ (kg-hm ~2) 257.3 +47.6 160 =51. 1 97.3
HRA S/ (kg-hm =) 173.2 +46.6 123 +41.0 81.2
2.2 AEMEKFRZNEXBETHIEINERD Tk IR L IEIRZ B W, 38 5 T IR K Ry

KE

KINERFEFT B 0 ~ 100 em )27 K 52 %
KAERGE 3 (£ 6) . NFFEKERLNEZER
10 ~100 em 12 F- 30K & i KB AMR IR FEK
4F(166.8 mm) | P K 4F (142.7 mm) | Ak K 4F
(135. 1 mm) , SHKAER H, 32K A RN IK AR 43 31
1 23.5% F15.6% . b SedffE KA K AR5
IR 1R A /N2 T I 4T I 4 A6 3 AN 2 o ~
100 emt77K 5 25. 0% 43.2% 44.7% F1 12.3% . 5
FRGBHERIEL , SRR FE AR K AR SR AR AT =E 7K AR 43 31
PFEA/NE 0 ~100 em + 2 FEH K& 11.3% |
12.9% #116. 9% , iXJ&H T RAHHEREEBAR, b

IKIGRES

F6 AEMEKERZNEZEFTHO0~100 cm TEWKE
Tab.6 Soil water storage at depth of 0 ~100 cm at

different growing stages of winter wheat in different

precipitation patterns mm

e : K AF : KA : FIKAE
CT NT CT NT CT NT

T4 187.8%  202.4* 211.4* 222.5* 231.7" 253.0°
WA 131.9*° 143.5° 138.7° 169.3* 174.1% 205.5°
WA 116.0" 139.6° 122.3 142.7* 168.8" 202.1°
HEHI 106,10 119.9°  98.2°  113.5% 114.1° 134.7°
A 97.2* 106.3*  100.0* 108.8* 80.1°  103.5%

T8 AR FEK AR RS CT A1 NT (8807 J5 A Rl /NG 3 3 7R A 2R R
EFLF(P<0.05), T,
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2.3 AREMKEREHLNEEKTERBIFE
ANl R K AR RN 4 /N SRR R E A R
A W Em, FA R RS R R BN R FE KA
SARARE MAKAE (K 2) o SRR E A S BFVE AI
GHHE EAKE RS LS PR ERERE
44.49% 1 41. 6% , Z/NEWREHRTIHZ )G WA
B ¥k Bl R 2 R AL SRR B
AFE R AR R AERR T 150 d R EH BRAA/NE AT
ZWE ., SHKAEM &S HE M Bk FE K
AR RSP AR TR 43. 1% F142.6%
MASFIHHERE K E |, % e B VE R S B AL 348 |35
REM BRI /NG E K BB s mil
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220 o
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HR T/
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TR R R R RIS KGN, FRER
TR0 R A R e 0 () BT (] B S G S K A A 7K
A UL R HOK O BENS IERAR TR 1R A/ N
W ARIN R R, SESEPHEM L, BHERTK
SRR KA G il 4 i & /N b B R R B
2.5% M13.6% , MiFEFARIEL/NZ 1 AR R
HEHAK, R RBAERTKAE SEARAE R R
IRAEARFR Y- 35 8 2 R B s A 4 AR AE & /N2 ik
HES— SR (#5179 ~225 d) S bt Pk AR A
FRREBAEEHER S 3. 1% , UL e dif B F
FRA X R I i, LR st 22 iad A 35 R 5

R X R IR
2501
£ HhKAE
. L —— i 7K4F
270 o ke
W 150 —v— FKAE
Bk
& o0l
iﬁﬁé
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& G tE)/d
(b) 58, Mo L AEFRE
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= 16}
£ L —e—ikr
< ooFkE
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8 ol
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Fig.2 N in aboveground biomass and root during whole growing stages under CT and NT in different rainfall years

2.4 AEAMKEREHEEFNAERRTETL
KN R Z KR B &N e
H R BN IMRUCH FKAE SFKAE MiKAE(RT) . 5
MiKAEAR L, F2 K AR TN 2K A A /N S 2 7 4 3l
B 11, 4% M 15.2%  Forb A G RHE R b K

AR A TR AR A& /N 22 57 38 77 i 43 i B 16. 7% N
14.0% . SEGEHHEA L, S bf 4 /N2 7= mfEAl K
A P KR 32 K AR 43 i 3G 0 12.4% L 4.3% F
9. 8% , X VL WITE R RN AR, S F ™ o 2

R R AL AR BES s LA EY L

RT AEEKEREHNEGHIERZIRERE
Tab.7 NUE and yield under CT and NT in different rainfall years

2% Hi7KAR IR AE F kAR
CT NT cT NT CT NT
N/ (kg-hm ™) 6115.7" 6874. 6 7 080. 9° 7 386. 3¢ 7 136" 7 835. 4°
FRL A R B/ (kgrhm=?) 74. 3* 76.2° 148.2° 155.9¢ 177.7¢ 180. 0*
FE R AR/ (kg-hm =) 150. 2° 152.1° 202. 2° 210. 5° 235.0° 239. 8¢
R/ (kg-hm?) 0.9° 0.2° 1.6" 4.5° 1.3° 1.5°
HR AR/ (kg-hm=2) 0. 8° 1.3° 1.3" 2.9¢ 5.8" 8. 3¢
HAREMUEB IR E/ (kg-hm %) 32.8° 1.1° 42.1° 19.9% 48. 6" 24. 9%
REZIMNFER/ (kg-hm~2) 184.7° 164.7° 247.2° 237.8* 290. 7* 274.5°
RENHZE/ (kg-kg™") 37.4" 47.4* 28.6" 31.1° 28.1° 29. 8*
RIEFIFHER, % 45.9> 51.3¢ 35.0° 35.0° 34.8° 34.2°
FMCIRHE 5L 0.52° 0.51° 0.73¢ 0. 74* 0.76* 0.75*
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SEREMRM EERE, ANEREKER LS HHE
BT F KA NE A R . SHtK
SEAH LG AR GERHVELE - K AR 0 T2 2K AR 2 Sl 4 v 4/
FREWI T 34. 6% F1 54.6% , B2 4R &
38.4% F157. 1% ., ALGHHERGBEAEAL KAE oK
EMFAERREFER (AERE + AU LR +
HAEME S E + EYWolcss) 43510 184.7
164. 7 kg/hm” F1 247.2 237. 8 kg/hm* A & 290. 7 .
274.5 kg/hm’ P FIKERA R AR R K, 5%
GERHEM L, PR R AR AT KAR SPKAE R
TKAEF BIFEAR 10. 8% 3. 8% 1 5. 6% , 3% 8 2 A
T A GRS T X R 2 B, R AK

AR ARARE Y A /N A TR I % B A AL
RMAWCRIE R BE (R T) . EGPHER B
2N RWORFEEC R R BN B R KA K
A RKAE T ENER AR NN AR . S1E5EHF
TEMI L, B FEA KA SERE R F K FER R AR
Iy BN 26. 7% 8. 7% F16.0% . G bF IR HRL
RIS EER K AR & 11, 7% , T AE F K AERE
1. 7% o SBAERTK AR T 7K A F K AE Rk
TGS IHEMZEA K,

3 itig
3.1 AREMEKERGEHI TP KEMZNE
ENRIm

AN T) 8 7 Sk SR K B R AR 7 R T
R TR R R, E KA R A
SPKAE 7Y 43 ) 4 55 A /N 2 R R R AE O 0 ~
200 em HEEH A, 43 BIHG 04 /N 22 R K
W1 A5 3 A5 LA R B8 72 70, 0% 1 25. 8%
2 E AP IRST R, 47 % B i M X N
S AZ AR - A% 7K B A TR PR I K 2 R
TR R FEE R AFEPHE S L h T 15
Syl il NS e w2 0 N L Bl 13- A1 1 3
HH B R AB B 3E0K 73 28, BUREAS [T 5 =Y
BRI RE IR TR] . SlE > R £ R R
B HAORBA b R AR 55 Wl D M T AR O, B RIS
IR SEIMEEK NS 10 BRI 3K /a1
MEA R EKRSE- . SepFERTKAE Pk
AERNF K AR P RN RN TR] A R B, bk
BALGHHER B F A& /N E AT O ~
100 em 2 4 38 F oK & AR & 384 /N2 7
O VRl A B g & B AR K AR R T AR,
Bk 40 em 12 B HEE K E N 7. 1% A
15. 4% A K R BEE T 2O W A0 T @

JnBA S . [FIR DE VITA 252" 5 i %o 2 K ) w3
BRI BC TR 5 /N A2 10 7 i R0 S SOIE 5T, A B S BE
ANFZ P SR R A O, e AL S
ML BB R /D 2K K, HE TR R DX,
ARMWFFEIEH | 4/ INZ 7 i 32 [ K AR RS ) i 2 7 o
WA ARGy, Tk - o o
3.2 AEMEKERGEHNLNERZREFRIE

v

I 53 RIS M 2 /N A R R i 1)
HEZ 102 ok a5 BREns i & PR A
FWcR P T FERE T AR T R Rk
FREBRKE T TRAMHTRREESE R, X5&
WFoE g R —8, & /N 3R AR R E AL R i
KENNBIRIUA FEKAE STIKAE MKAE, X F2 2
T I R S AE K P A Rl T — e 94
FRAE FH 2035 MR 22 2 T 28 1717 Sk A 400 P W, i a0 5 4
TR, PR R AR X 37 50 WSO A, 24 j%
AT IR A, 358 KRR T /N 22
PRXT R R MR, 4/ INA2 W3R S S i ol /b | [T B A
HET R Z KRR 5538 | BB ARG, A
GRS AL Sk 7 S A AR A 2 2K AR BRGSO AF 2
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IR R B IMRIR S FIKAE SEKRARE ik
A 5 A KA A E, S KA RTT KCAR 4y G 3
23.5% f15.6% , AFEKERIL/INE 1 FIA &R
R R AR AR R R &/NE i R E /MK
UCHFIKAE SFIKAE Ah7KAE

(3) SIEGHHEM H, S B EAR K AR SF KA
FIKAEZNZZ 0 ~ 100 em 1 J2 MK 543 4 B
11.3% \12.9% 1 16. 9% , Ge#F Ak /K AE4/INZZ Hb 13
RER BRI A - SRR A R T R i
SIS 2. 5% 1 3. 1%  GeFEAR KA SEZKAEFIE K
AR EFIHZSTRIRETN 26. 7% 8. 7% F16.0%



] R A ARREKAERL R SR & NE R R TR 577 i 15 R 283

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]

[18]

2 % X #
VRIREE, THROC, B, 45 BN NE AR WIS [ 1], fEY 7k, 2004, 30(10) : 1002 - 1007.

XU Zhenzhu, YU Zhenwen, WANG Dong, et al. Effects of irrigation amount on absorbability and translocation of nitrogen in
winter wheat[ J]. Acta Agronomica Sinica, 2004, 30(10) : 1002 —1007. (in Chinese)
EERE, 5K, R HIPNREREDIFERIR 0K 355 T/ N ARSI ). BReA4ie, 1999, 13(6) : 362 - 367.
WANG Baiqun, ZHANG Wei, YU Cunzu. Nitrogen uptake and fertilizer nitrogen use efficiency of wheat under different soil
water conditions[ J]. Journal of Nuclear Agricultural Sciences, 1999, 13(6); 362 —367. (in Chinese)
URYTIE, XIEl k. P HEEHE R R 5TEAL )], TR RS, 2006, 24(1) ; 205 -212.
SHI Jianglan, LIU Jianzhong, WU Faqi. Research advances and comments on conservation tillage[ J ]. Agricultural Research in
the Arid Areas, 2006, 24(1): 205 —212. (in Chinese)
FIAR, ki, EZm, % AFEBEE 7200 B 1 m OB ST 3 A HLAK PR AL 52 [1/0L]. RV HUR =4, 2017,
48(11):229 -237.
WANG Xudong, ZHANG Xia, WANG Yanli, et al. Effects of different tillage methods on soil organic carbon pool composition
in dark loessial soil on Loess Plateau[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (11) .
229 —237. hitp: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no = 20171128 &journal _id = jesam.
DOI; 10.6041/j. issn. 1000-1298.2017.11.028. (in Chinese)
XA, S, JASE, A FEAFE ST O SRR/ OL ). Al HLEAA, 2019, 50(7) <333 -339.
LIU Jilong, LI Jiawen, ZHOU Yan, et al. Effects of straw mulching and tillage on soil water characteristics [ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(7) ; 333 —339. http: // www. j-csam. org/jesam/ch/
reader/view_abstract. aspx? flag = 1&file_no =20190736&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2019. 07.
036. (in Chinese)
B, R AR A ARBEE 7 SO AR XA/ A P R i i s [ )] ARl TR 2441 ,2009,25 (1) :50 - 54.
HUANG Ming, WU Jinzhi, LI Youjun, et al. Effects of different tillage management on production and yield of winter wheat in
dryland[ J]. Transactions of the CASE, 2009, 25(1): 50 —54. (in Chinese)
TEM, AR A, S5 RIBRI PR XA/ N R BRI 2 IR [ )/ OL ). A MR A1 ,2017,48(2) :245 - 251.
DING Jinli, WU Jicheng, YANG Yonghui, et al. Effects of long-term conservation tillage on nitrogen accumulation and
translocation of winter wheat[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (2); 245 -
251. http: // www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170232&journal _id = jesam. DOI.
10. 6041/j. issn. 1000-1298.2017.02.032. (in Chinese)
B, SRR TR A R R HRCR IS [ T]. EE L, 2007, 38(2) : 379 -383.
PENG Wenying. Effect of no-tillage on soil water regime and water use efficiency[ J]. Chinese Journal of Soil Science, 2007,
38(2): 379 —383. (in Chinese)
ANAPALLI S S, NIELSEN D C, MA L W, et al. Effectiveness of RZWQM for simulating alternative great plains cropping
systems[ J]. Agronomy Journal, 2005, 97(4): 1183 - 1193.
sRACwL, TReERE, XUSCIE, S5, B B VAR O [ B K AR B R 3Ky sl A [ )], AR 22240, 2008, 19(6) :
1234 - 1240.
ZHANG Beiying, XU Xuexuan, LIU Wenzhao, et al. Dynamic changes of soil moisture in loess hilly and gully region under effects
of different yearly precipitation patterns[J]. Chinese Journal of Applied Ecology, 2008, 19(6): 1234 —1240. (in Chinese)
B, FHeRAHTIM]. 3 . dbst. PO R, 1981,
FLLH, BT, PG, . AR R HEREEE KA AR RO )], Aol TR, 2010, 26(8) : 44 —51.
MAO Hongling, LI Jun, JIA Zhikuan, et al. Soil water conservation effect, yield and income increments of conservation tillage
measures on dryland wheat field[ J]. Transactions of the CSAE, 2010, 26(8) ; 44 —=51. (in Chinese)
AHUJA L R, ROJAS K W, HANSON J D, et al. Modeling management effects on water quality and crop production[ M ] //
Root zone water quality model. Colorado: Water Resources Publications, 2000, 372 —379.
NANGIA V, GOWDA P H, MULLA D J, et al. Water quality modeling of fertilizer management impacts on nitrate losses in
tile drains at the field scale[ J]. Journal of Environmental Quality, 2008, 37(2) : 296 - 307.
XU, W vObk, A0, A5, LR IR A IR 2 S AR K FO R A = B2 [ ). RO RRE 2015,
48(7) . 1348 - 1360.
LIU Haitao, HU Kelin, LI Baoguo, et al. Effects of soil profile basic properties on water and nitrogen movement and crop yield
[J]. Scientia Agricultura Sinica, 2015, 48(7) : 1348 —1360. (in Chinese)
MA L, MALONE R W, HEILMAN P, et al. RZWQM simulated effects of crop rotation, tillage, and controlled drainage on
crop yield and nitrate-N loss in drain flow[ J]. Geoderma, 2007, 140(3) : 260 —271.
TA4, BRI, ZEiR, . ARG RS A AR RS2 [T ], PR R A2 4R, 2001,
19(2) :152 - 154.
WANG Changquan, WEI Chengming, LI Tinggiang, et al. Effect of different zero tillage on the crop yield and soil property
[J]. Journal of Sichuan Agricultural University, 2001, 19(2): 152 = 154. (in Chinese)
SRR, BRE, FRAR, . EERHEE IORFOKEERBIELT]. Ak TR, 2002, 18(2) : 36 - 40.
ZHANG Hailin, CHEN Fu, QIN Yaodong, et al. Water consumption characteristics for summer corn under no-tillage with
mulch[ J]. Transactions of the CSAE, 2002, 18(2): 36 —40. (in Chinese)



284

o0 ML ¥ R 2021 4F

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

(30]

[31]

(32]

(33]

[34]

[35]

W/, BT, B, A5 B R DO R B s AR A /N FE AR R AR AE R IESE[ 1] 2R A2,
2018, 38(6): 726 -733.
PAN Xiaolian, LI Xiu, ZHAO Ying, et al. Characteristics of water consumption and root growth of winter wheat under different
covering modes in arid tableland of the Loess Plateau[ J]. Journal of Triticeae Crops, 2018, 38(6) : 726 —733. (iin Chinese)
TEA, B, Bk, S %TF‘@%#VENZ?EHj:%%ﬁ*ﬂgll\%fzﬁﬁg%ﬂﬁ[J] BLFIAE 252241, 2018, 29(8) -
2501 -2508.
DING Jinli, WEI Hongyi, YANG Yonghui, et al. Effects of conservation tillage on soil water condition and winter wheat yield
in farmland[ J]. Chinese Journal of Applied Ecology, 2018, 29(8) : 2501 —2508. (in Chinese)
DE VITA P, DI PAOLO E D, FECONDO G, et al. No-tillage and conventional tillage effects on durum wheat yield, grain
quality and soil moisture content in Southern Italy[ J]. Soil & Tillage Research, 2007, 92(1 -2): 69 —78.
T8, AT, EEN, A R @*#f’ﬁ—l:iifykﬁj\#rfhﬁﬁﬁﬂﬁﬁ[J/OL] Z?ik*fl.f)ﬂi?—?ﬁz’ 2021,52(1) :263 -274.
WANG Jun, LI Guang, NIE Zhigang, et al. Simulation on variation characteristics of soil water content under conservation
tillage[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(1) :263 —274. http: // www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20210130&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-
1298.2021.01.030. (in Chinese)
Th, BE, Mk, . ORFFEKE RS B PR AN E GBS A R B OO [T ], R EROAE AR, 2019,
52(11) :1870 —1882.
YU Qi, LI Jun, ZHOU Dong, et al. Effects of no-tillage/subsoiling rotational tillage system on increasing soil water storage and
crop yield under different precipitation patterns of winter wheat in the loess plateau[ J]. Scientia Agricultura Sinica, 2019,
52(11) 1870 —1882. (in Chinese)
ZERl, whARE, AT AR AR R S TR A B R T [T ] PR, 1985, 18(4) : 42 -48.
LI Yushan, HAN Shifeng, SHI Zhuye. Evaluation on the water conditions of field and study on the low irrigation quota system
in the loess plateau of Weibei, Shaanxi Province[ J]. Scientia Agricultura Sinica, 1985, 18(4) : 42 -48. (in Chinese)
WEM, REA, B, . RPIESMHEXT TR R EOKP R [T ]. A0l TR, 2008, 24(10) : 40 -45.
LEI Jinyin, WU Faqi, WANG Jian, et al. Effects of conservation tillage on soil physical properties and corn yield [ J].
Transactions of the CSAE, 2008, 24(10) ; 40 —45. (in Chinese)
FERL, 7% B Tﬂi"*#*ﬁéﬁﬁﬁim)ﬁ%:ﬁfﬁEﬂi%%ﬁﬁ@zﬁ(ﬂ )], hERLFEE, 2013, 46(18)
3800 —3808.
CHENG Ke, LI Jun, MAO Hongling. Effects of different rotational tillage patterns on soil physical properties in rainfed wheat
fields of the Loess Plateau [ J]. Scientia Agricultura Sinica, 2013, 46(18) ; 3800 —3808. (in Chinese)
skEAe, 2%, BUETE, . AR ERE X AN R FOR B IR BRI RCR R i [ ], 1 A 25
2A4%, 2011, 22(7) ; 1750 - 1758.
ZHANG Lihua, LI Jun, JIA Zhikuan, et al. Effects of conservation tillage on soil water conservation and crop yield of winter
wheat — spring maize rotation field in Weibei highland[ J]. Chinese Journal of Applied Ecology, 2011, 22(7) . 1750 —1758.
(in Chinese)
RIS, 3K, B, S S R ROR UK BBV [T ], BTSSR, 2011, 22(1) 0 99 - 104,
YU Haiying, PENG Wenying, MA Xiu, et al. Effects of no tillage on soil water content and physical properties of spring corn
fields in semiarid region of Northern China[ J]. Chinese Journal of Applied Ecology, 2011, 22(1): 99 =104. (in Chinese)
VFill, SCHMI R, MERMOUD A. #4577 300 £ 3OK s A8 10 S B TK =AM 1], A TR, 1999, 15(3)
101 - 106.
XU Di, SCHMI R, MERMOUD A. Effects of tillage practices on the variation of soil moisture and the yield of summer maize
[J]. Transactions of the CSAE, 1999, 15(3): 101 —106. (in Chinese)
XUZZ, YUZW, WANG D, et al. Nitrogen accumulation and translocation for winter wheat under different irrigation regimes
[J]. Journal of Agronomy & Crop Science, 2005, 191(6) : 439 —449.
FAN X M, DAIT B, JIANG D, et al. Effects of nitrogen rates on carbon and nitrogen assimilate translocation in wheat grown
under drought and waterlogging from anthesis to maturity[ J]. Journal of Soil Water Conservation, 2004, 18(6) : 63 —67.
WA, T, AR, AR ORRDK M B/ 22 ORI R ML S [ )/ OL . AP HLIREA1E,2020,51 (1)
245 -255.
ZHANG Zuowei, LI Hongyu,FU Qiang,et al. Response mechanism of wheat/maize intercropping system under different water
stresses[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51 (1) :245 —255. http: // www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20200127 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2020.01.027. (in Chinese)
TEE, TI%, 2RSS, SUKSAMIONINE RO L HEFR B R[], RIHAZS R, 2004, 15(8) : 1339 - 1343.
WANG Zhaohui, WANG Bing, LI Shengxiu. Influence of water deficit and supplemental irrigation on nitrogen uptake by winter
wheat and nitrogen residual in soil[ J]. Chinese Journal of Applied Ecology, 2004, 15(8) : 1339 —1343. (in Chinese)
XU Z7Z, YU Z W, WANG D. Nitrogen translocation in wheat plants under soil water deficit[ J]. Plant and Soil, 2006,
280(1/2) : 291 -303.

T AR RSN REWAG2 AR R[], PERIIEI 2 (AR | 2014, 39(11) ;101 -107.
WANG Xiuying. On effect of different water and nitrogen condition on nitrogen absorption, translocation and accumulation of
oat[ J]. Journal of Southwest China Normal University ( Natural Science Edition) , 2014, 39(11); 101 —107. (in Chinese)



