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W E it 2008—2010 FHENAH KL, AR T EER ERAMEENEFENTET
FEANZEBTHO~2m L ELBAD ANZFEMAPFRARENE . EREN. L
EABETANZETH L EARS T AR B XA NBNERTFHREA G, REEWE
MERBR, ZEZRAMIAZHEA AP REMBHENLIEEKER K. HHALHE
AAEMEERAKE, REFRAEFTHEA LI EALTRERRANTFREZ I WK, KT EER
N R E R T, BEATRERGEHANELTE. 2R AF AT WD L3 K
AR, R E AR R R, FHE | et R AR T 23.4% F139. 1% (P<0.05). ZJE %
BrB AN NERAFE Y3643 kg - hm™? B EFH T2 2R ABLEfE ELHE, K
FEAR A 2 BL R HF

X FH AAE BE EENEMNE KoFARE

XEHS 1001-9332(2011)08-2038-07 HE45ES S512.1,S152.7 CEAFRIZES A

Effects of nitrogen application and ridge film furrow planting on water use of winter wheat in
dry land of South Shanxi. XIE Ying-he', LI Ting-liang' , HONG Jian-ping', LIU Li-ping' , PANG
Jiao', FENG Qian', DENG Shu-yuan®, SHAN Jie® (' College of Resources and Environment, Shanxi
Agricultural University , Taigu 030801, Shanxi, China; >Shanxi Province Xiangfen Agriculture Com-
mittee , Xiangfen 041500, Shanxi, China). -Chin. J. Appl. Ecol. ,2011,22(8) : 2038-2044.

Abstract: A 2-year (2008 —2010) field experiment was conducted to study the effects of basal
dressing nitrogen, topdressing nitrogen, and ridge film furrow planting on the 0—-2 m soil moisture
status and the grain yield and water use efficiency of winter wheat in rain-fed area of South Shanxi
Province. In all treatments, the soil moisture status during winter wheat growth period had the same
change trend, being increased steadily from pre-sowing to revival stage and decreased sharply from
revival stage to heading stage, and then increased gradually till maturity stage. From revival stage to
heading stage, the soil water consumption was the most. Increasing nitrogen basal application rate
or topdressing nitrogen increased the soil water consumption, widened the soil moisture active layer,
and deepened the relatively stable layer. Topdressing nitrogen increased grain yield significantly ;
ridge film furrow planting decreased soil water consumption obviously. The water use efficiency un-
der ridge film furrow planting was 23.4% and 39. 1% higher than that under conventional planting
system in 2009 and 2010 (P<0.01). The grain yield under ridge film furrow planting plus top-
dressing nitrogen was 3643 kg -+ hm™, which was significantly higher than that under single ridge
film furrow planting or topdressing nitrogen, displaying a preferable water-fertilizer coupling effect.

Key words: dry land; winter wheat; topdressing nitrogen; ridge film furrow planting; water use
efficiency.
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1.1 iR5 A

I T 2008—2010 4F7E 1L PG 48 I v i FE vy B
A BAT /N2 AR X T, 350 37 T 35°53” N,
111°25" E, 1% X & Wz iy KBl 22 WS AP35 H
HEINEL 2419 h, A R 4700 °C L 4EHKiR12.6 C,
JCFAHA 180 ~210 d, AP F-XRE M & 550 mm, FEZ4EH
767 8.9 H.2008 4EF1 2009 4E 7—9 H By & 43
WK 163.2 F1168.5 mm;2008—2009 4F Fl 2009—
2010 4E4/NE2 A B WIRE W B 5351 0 182. 6 il 142.2
mm. FERN A UL IR 1, RFRE K &R R K & 3 A
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Fig.1  Condition of precipitation during the growth period of
winter wheat in 2008 -2010.

a)2008—2009 ; b)2009—2010. A The same below. I :[%/KiE Pre-
cipitation; II ; BFE/K B Cumulative precipitation.

PR 2R A R A R M AE 1, B oA g A
pH 8. 02, #f 2 HHEA LR FH & & 11.2 ¢ - ke,
270.88 ¢ - kg AEAA 14,41 mg - ke, HAHE
3.42 mg - kg™, BHALHN 201.91 mg - kg™, AE 1. 14
g em™.

1.2 REsit

2008 AERKIRIRILBEE 5 AL EE 2000 AEFK I
HPE 6 MEFL(R 1) IR EL 4 K, RHAIFE
HLIXZHHES] , /NX TR 6. 25 mx16 m=100 m*. {7
B A 214 A B 20 A5t A S, 4 4t I A >4 b i )y
T AE. 22 R 3 496 Ak 455 O X0k 28 1 B I ) P9 A 4%
i R 2 47,47 20 em, 285 35 em, ¥4 T 30 cm;
TR0 G 2B B V) 435 AR A1 | G Ath Ak B 357 SR FH 3 b 2%
E Lk

T2 56 H A it A, A A A B R 4 (75 P, O
12% ) , ORI, BIE N IRE (& N 46% ) , ki
W53 5 I W B E /N A2 B AP T ST AR /N X
FIABEZE R 265 1 B 207 R EZA R (4 H
19 H) BERERTIEAL ; 56 2 B 7 2Oy v a e, /i
FEIR T W - AR VRIS, RGP RS A T R T | IR
R R AR TR IE. ARG A R ] 43 )
32008 4E 10 H 3 H 12009 459 H 25 H, 3kt
[]43-5 4 2009 4£- 6 H 3 HA12010 46 H 5 H,%&
AN F AN AT REWE. A A Oy 2 SRR BT R
m PG R 6 5, PIARRE 3 R 150 kg + hm™. 2009
AET7—9 H R EARINH.

1.3 WEmH 5%

2008—2009 4E 1 2009—2010 4FA: K Z= 43 51 T
FERT(10 H2 HFI9 H23 H) J&RHFW(3 H 10 HA
3A6 H) KTWWB A2 HA4 H2 H) Sl
(4 H27 HFI5 1 H) R A 19 HMS H
20 H) (6 H3 HA6 HS5 H)R&E2 m R+

&1 RWERItT
Table 1 Experimental design

Ab PR BB 2 Fertilizer application (kg - hm™2)  Fi 5l
Treatment 2008—2009 2009—2010 Planting
N P,0, N P,0; mode
CK 0 120 0 120 CFP
CF 1275 120 127.5 120 CFP
RF 165 120 165 120 CFP
RE+TN 65430 120 105+60 120 CFP
RFFP 165 120 165 120 RFFP
RFFP+TN - - 165433 120 RFFP

CK : X} B Control; CF ;4 F'#Z, Conventional fertilization RF . #E 40
JE Recommended fertilization ; TN.B A Topdressing nitrogen ; RFFP.2&
JE954% Ridge film furrow planting; CFP. {44t {E Conventional flat
planting. T [H] The same below.
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i B REAE R TR T 2BV RE AT, /INAZ U
I, ZE4/NX AP el i 3 mx 10 m mABOR . +
Bk (mm) = TR E SKE (%) x LIEAE
(g+em?)xtZEE (em)/10,0 ~20 cm . 20 ~ 40
cm 40 ~ 60 cm .60 ~80 em T IHEZ T HI N 1,15,
1.49 1.31 fi11.26 g - em™,80 cm LA N )24 1. 26
g em L
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X, BT, B BAE/K S (mm) ;AW i B + 1
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BE B K AN B (mm ) . AS IR 50 T 78 M F-36 | [
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Fig.2 Variation of soil water storage at 0—2 m layer during
growth period of winter wheat under different treatments.

S #EH Pre-sowing; R:iR T Revival stage; J: #7173 Jointing stage;
H . filif#3] Heading stage; G 72K Grain filling stage; M il Ma-
turity stage. CK X8 Control; CF:4& J*#53X Conventional fertilization ;
RF . #E 77ifi I Recommended fertilization; TN ; iE % Topdressing nitro-
gen; RFFP.Z24#% Ridge film furrow planting.

Iy AR - K- R Ak B R AT R I,
2 AMERE O ~2 m 2 A0 BRSS9 IR 4
Jin16.0 F150. 1 mm, 37K YA K F 32 . 2009
11 H SRR (FEK SN 39. 7 mm) 7RI/ Hi T
IR 7&K W RIS, 380 T - 3 E K &, Br L 2009—
2010 AFHE AT RGR W B OK B SRS T
2008—2009 4. 2&/NAZ IR 23R T A AR 4 7R 2
- BEIK AT AME A Bk 2 5218 2 i RN A< ZR B IS AR
W0 MR I ARSI S, A /NFE AR R A
KAEFAE R I, BAFEKRZ B, 2 m £HEF
I K P A4 B BEAIG 60. 4 1 52.2 mm, 37K 43
R TWOA ; AR 2 LA 2 m Py
K TS B, K0 sh S SRk Eh 4
FAAE , MK i Z2 O RHY] 3 oK R 2 IRER.
2.2 R[S FEXT AN A A I HEK 3 AR AR Y
Al
2.2.10 ~2 m R KEMFEKE  BANLNESE
B W 2B AR AL B 4 YK Y e T A AL B, R
[F] A B A T 2410 2 S R BE I DR T A
PR R(F 2, % 2) . R NE4
KM P K A3 SR I A Bt 300 A e A 4%
Qb PRS- RE K 28 S o 4 A IR K R 1 61% Al
85%.

VRIATE 28 53/ 47 A $H DA% 1T 38 e R ) R /K o
Ay SR 112.6 1 106.7 mm, 84 5 2043 B
3. 6% F17. 9% . AR 51 ] 4 e /K R g

FR2 AERLGETENEZEFTHIEREKE
Table 2  Soil water consumption during growth period of
winter wheat in different treatments

Efy LI HA- BT - - 24Em
Year Treatment R Bl ] ] Whole
Sowing-  Revival-  Heading-  growth
revival heading  maturity period
period period period
2008—2009 CK 19. 5a 95. 1b 83.0a 197. 6a
CF 18. 8a 98. 1b 77.6ab  190.9a
RF 18.3a 101. 4ab 82.4a 202. 1a
RF+TN 18.3a 106. 4a 71.3b 196. 0a
RFFP 15.4b 97.2b 60.2¢ 172.8b
2009—2010 CK 38.3a 85.4a 28.2a 151.9a
CF 28.8b 87.0a 13. 8¢ 129. 6be
RF 31.9ab 86. 6a 14. 6¢ 133. 1be
RF+TN 31.9ab 83.8a 22.3b 137.9b
RFFP 22.1b 84.5a 9.7d 126. 4¢
RFFP+TN 22.1b 88. 4a 25.6ab  136.1b

[FIBNARNG A F R 24 5 13 (P<0.05) Different small letters in the same

column meant significant difference at 0. 05 level.
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At A P T v AR U A BE I K 4 L
P 8. 0% 1 5. 8% , FE/K 7051 Fe AR ;A 2
11 22. 4% F129. 7% ( P<0. 05 ) . 3% B 28 15 Vo 4% ol A
AIA RO + K 78 & Sk A8 31
HIEOKAE T, HA R A H KRR .

51 A /N 32 18 it SR N8 B3 AT 38 VR P RE K
il R K /0. 2008—2009 4E 5 1 HA Ah
FRET VB SR TR S A i S Ak 3 A A P AR
0~2 mT S KEDHA2.5.2.9.5.1 F17.7
mm. {H R SR R4 R ek = [ 28 B0 4% Ak 2 A1
HoAh b B[R] FE /K 20 B & 22 5, P (E R 197 mm.
2009—2010 4, #&AS 2 /N2 A DI BRI SR 0 A,
FEMEACAL B O ~2 m 3K T A P AL I
FERIE +38 ZALHE 4 A4 F BIFE/K ) 1379 mm, L
HEFER AL P 5 4% , Z2R57A % + 38 AL FEFE K &y
136. 1 mm, L2 HE A0 FHR 7. 8% .

W5 2 /N A T AR OB K 2 IR S5 S b, &
INFEIRTFIF AL T 0 ~ 100 em + 27K 5> SHEHTHH
YA 0 754k, 100 ~200 em + 2 A A A, 1R )G
A FAE KR BE B IR, =R 0 ~ 200 em 1
JZK Gy S BEGR T W A S [R R E (R RRAIG, DAXT HR
T2 ST 438 A PR AR 5 /L. 8 IR AR [) Ak B 7 ] — A=
BT AN FEARIRBE R A, {EFE /KRR B AN ).
2.2.20 ~2 m HHOKEHAL ZNEEFH L
S K RIS [ VR B 1 - 338 3 K AR ZR 31 #E L £
H1 7% & R K b2 1 A8 Ak A8 Ak, H 458K 50 Ic?
BEVR 82 1) A5 T 52 B0 BH S 1 23 k. — M3 ot K] o A o
Z2(S)BAR T REL(CV) ke dfi e 3K o 1 1 B AR
PRAFAE O EX T[] — 300 HAS [R] RE AR, b i 22
B2 AT L B LS B 43 i DA S R Bk . 58
T RIS H AKG  R HK 3 AR R R 4o 4 A
JERE AR R (CV>43% ) TG ERE (29% <CV <
43% ) IR IR)Z (25% <CV <29% ) FIA X ka2 2
(CV<25%).

H1 ¢ 3 T, il 2 VR 1 B 5 Ak 3 4 2%
FRUS K S 5 R BN/ ) e M35 B ite 2 i
AR, Xof BE A P | e it A A LTS R 58 W
T, AR SR AR T . X IRAREE 40 cm AT
SRR E 2 A P R AL B AE60 em
AT R 6 BRZ | ELIE A7 AR AL B A A X R e )2
F] 80 ~200 cm. AJ W, it A AR HE T A&/ NZE X A K
SIHITRISCRIFE 33 0] RS FH Tl AU B = T K
REAR T IR L, B HIEK A Z A IR kA,
R T2 R 5 15 R B 7K 4378 1A 380K 385

xR3 AELBTEMEZEEH~2m TEFTEKSHE
BT

Table 3 Vertical variations of soil water content at 0—2 m
layer during growth period of winter wheat under different
treatments

ST TR WEE  BRAK R
Treatment Soil layer S CvV Layer
(em) (%)
CK 0~20 5.4 49.7 1
20 ~40 5.0 36.7 I
40 ~200 1.0~1.8 9.5~18.5 v
CF 0~40 5.0~5.1 45.1~61.2 1
40 ~60 3.6 34.1 I
60 ~200 1.39~3.8 11.0~24.1 v
RF 0~20 4.5 41.6 I
20 ~ 60 3.2~4.7 29.3-~38.8 I
60 ~ 80 2.6 25.5 I
80~200 1.1~1.9 7.1~13.0 v
RF+TN 0~20 5.1 48.6 1
(2008—2009) 20 ~60 2.9~3.6 37.6~42.7 I
60 ~ 80 2.8 26.3 i}
80 ~200 1.2~1.9 8.2~11.6 v
RF+TN 0 ~40 5.0~5.5 49.9-~53.8 1
(2009—2010) 40 ~60 3.6 29.7 I
60 ~ 80 3.1 28.7 i}
80 ~200 1.6~2.5 14.4~23.9 v
RFFP 0 ~40 5.5~5.6 43.7~58.5 1
40 ~ 80 2.9~3.1 27.0~30.9 I
80 ~200 1.O~1.7 8.0~14.9 v
RFFP+TN 0 ~40 5.0~5.7 43.1-~48.8 1
40 ~60 3.4 32.4 I
60 ~ 80 3.0 28.5 I
80 ~200 1.1~2.2 8.6~17.4 v

I .3#7F)Z Fast-changing layer; Il ;i BRJZ Active layer; I ; YCIG B )2
Second active layer; IV . MI%152E )2 Relatively stable layer. 2 H1RFxR
TEALFRAT 4 Ay W AR 1 - (A The values were average of the two years
except the marked treatments.
T e BOKEE S FIB EURAE S T /N b L3
A3 B A DT (AR AR 28 11 /K 48 i

2008—2009 - ¥4 RN 318 0 Ak B 1) £ 4K 4 T
BARRRAE 5 it AT Ah BRAR ALY, 3 2l T 2R A
B AEJE 2 A Z Bl R i 2, 5K S H FEAN B
. 2009—2010 4T v 18 Z AL -5 4 7 it N A 1 AH
L AR 2 0 ~20 em HIME] 0 ~40 em , BB T3
BRI N E RN AER KT, InE
MRAK 3 781 | (7K ST FE AR JZ .

T VR 4% RN ZE 5 4% + 8 AL B A R AR 2 A T
0 ~40 em )2 AHX R E JZTE 80 em LATF. B
SRR AL FEEE AN T 20 em, 3X T fE A T b IR
B TR T & NERRERK T,
FERR R JZARZR H B3 fn e SRR Rl R
)2 1K A W AR, 2 5 TR 1 22 YA R A Ay =T
A RAENTE K GRS A RBoME: T K S THFE.
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Table 4 Yield, yield components and water use efficiency of winter wheat in different treatments

A0y b ¥ FPRLF= EEt7 Vi ix HE % kAL T E IKIIFIRIBER
Year Treatment Grain yield Biological yield Spike number Kernel number ~ 1000-grain mass Water use
(kg - hm™) (kg - hm™) (10* - hm™) per spike (g) efficiency
(kg - hm™ - mm™")
2008—2009 CK 1599¢ 3579d 382b 18a 35.3a 8.09d
CF 1802b 4157¢ 404b 19a 35.3a 9.44c
RF 1918ab 4297be 403b 20a 36.2a 9.49¢
RF+TN 2053a 4591ab 453a 2la 35.4a 10. 47b
RFFP 2014a 4773a 472a 2la 35.4a 11.65a
2009—2010 CK 1402e 3342d 34le 16d 28.4c 9.23e
CF 2452d 6532¢ 432d 19¢ 30. 7be 18.92d
RF 2963¢ 7649b 474c 23b 32. 6ab 22.26¢
RF+TN 3397b 8450a 491b 23h 32.8ab 24. 64b
RFFP 3324b 8377a 486b 24ab 34.4a 26.31ab
RFFP+TN 3643a 8567a 527a 25a 34. 6a 26.76a
2.3 A[AIALBR XS24 /N A 7 a8 TR 3 R AR 1 5 3 W ®

U

H1 8¢ 4 WIHT, B bte S R 34, T A B 4% /N2
B AR R, H 2009—2010 45X HE A&
FR 2 A it IR Ak B 2 ) 22 570k W K F (P<
0.05) ;2008—2009 438 Z AL B A FF L™ it FAE Y
s B A PR i 13.9% 1 10.5% (P <
0.05) ,2009—2010 4F 47 NE +36 Z0AL FH A kL™
4 ) b A P A RN HE 7 i IR Ak B R 38. 6% A
14.7% (P<0.05). A W, 52 /N2 A v B A
TR R R . 28 5 I8 R A AR A
AW PAE 53 5 Ak PR 11.7% (14, 8%
35. 6% ,28.2% (P<0.05) . 2B 34 4% Fh ML 5 #7571t
JIEL -+ 30 SRk R i) f 8 P 0 TG Wk 3 25 S, (HL 2B I
7% +38 ZUAL B /INZZ AR 5 36 3643 kg + hm ™2,
B3 T B — JB I Va1 A PR SRUAL B SR T K
JE = R

INFE TR R S T BRX BRAMS A Y
FHORT ORI -7 7 2 S AN W 3, (HL3 o 3 AR B 2B
FEAIA T G B R AN TR A B R B AR S R
Bk R R BOR TR R, PAE R 9. 0% A
14.2% , Pt A = /N 22 BRSO 32 55 XY /N2 7= 3 1Y)
PSS

PIAR IR 0 45 T R I, 28 VA 16 P Rs vl 2 /N 22
A BIFE K i, 32 R K 0 R AR, 2008—2009 4
TR AL BRFE K S AE T A A B P A, O 1728
mm (38 2) , K5 FHRCRE LAk PR 5 23. 4% (P<
0.05) ;2009—2010 4 28 5% 6 45 Ak 3 FE 7K &8 AL R
126. 4 mm , /K5 F FHECE N 26.31 kg » hm™ » mm™',
2 AR R A (A A E R A A 2.

AR 25 BRI, N R T &/ NEEF
18] 3K AR A S50, NIRRT SRR 5 3, 44
IR TS, B R = AR, 2 5 2 1T
S K A B RASRE I iR T I S AR 2 4R
JE B K /4 5 2273 Fi1243. 4 mm.
B BT RO AT B T R W, & NFE AR
AR v ARG O, 2R R BN, FE K 5
WX LK RS20 TR, SAPE S AR, B
WA RY A/ N HER IR & I oK &
ARBTG5 R R RN S E R AT
OB AR SRR A ] 23 A A 26 AR ER 3 A 52 3R W
/N A AEIR T K A PR, 2 )5 i Tk
AR A K K i S R0

IR S il 29 52 AR P A K 1 S 22 PR T b T
T REA RO KR K. R R R
W RS R R b R P 7 e T
EREVEY T RARUK R R ARG R R R
P78 2 5O HO0W B RRBR A T/ N 23 E R ™ A=
TRIRAN , S A /N2 R i S AR A TRl s A IS FHE
T FA/NZRER I KO R B D), WA A
NEHE AR Bof 5 2 44 7= /U 4 i e = AR
KA T AP AR, B AR AL B 2 A4
JEFEK REAEPTA AL 3 Y B AR, K 0 R 80% B 25
o AP R 2% B 22 5 VA 5 R ] A R AR 1 g
IR FE R = VR - i, HAA B n AR T AR I A
F JE e T S b IX 4 39K 43 B B R 7 L it

IR 3 A o AN 2 5 b /N 7 1) B
T IR B SRR R AR I BR K 2 VE
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KA L, S ARl AR 7= 1) B K S SR 50 1)
B G KSR A AU EWELS , B S5 EY
AR B SE R 3 0) 220 AR oT R 7E Y i
IRBEIK AT 8 U0 (0 ~ 165 kg - hm™) A 450
TR B SR e BOK A3 R HROR. A
B0 A K AR H O R T AU R T /N b
AR, (AR ZE I RE K I I AT B AR IR
HRAE A /N I R R W BRI B 4 St &R
FEUOAIB A, KPR = ik 3397 kg - hm ™, BEE T
A [73) it A P e ot A A 381, 7 T 48 v ) 7 o K
7. 2009—2010 kg b, 2B 15 +18 Z AL H T /)
FRPRL K 3643 kg - hm™, B2 TEA— 2B A
T AL BN AL B K HER A 350 A b

ST RET, 70 I nT R i /N2 R IR R
B0 4% 43 B, B /N 22 T DR K 4 R R AR
R0 ARG 2009—2010 4F 4/ A A T IR K
o4 142. 2 mm, It 2008—2009 4EA% 40. 4 mm, {H4&
INZE RN T 55.3% , EESEHR T O H
# 12 A By R K & H 2008—2009 4F [H] 31 4 T
60. 9 mm. A UL, A& FiT 78 AL ) - 000 17 2 5 Ml /N A S
PR 7= BRI ARG R B, & /N2 Fh AR A #E
K 52T 60% ~85%. MAKKE , Y 5
VEA& /N AR 7 oy i A v A
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