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Effects of fertilization and plastic film mulched ridge-furrow cultivation on yield

and water and nitrogen utilization of winter wheat on dryland
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Abstract: Water and nutrient are the major restriction factors for growth and development of winter wheat on dryland.
Therefore , it is of great importance to study water-fertilizer interaction effects under the conditions of natural precipitation for
increasing winter wheat yield, fertilizer utilization, soil productivity and improving soil structure on dryland. However, the
water-fertilizer interaction effects were not only the coordination in quantity, but also closely related to crop growth stages.
Meanwhile, interaction effects were all closely related to soil moisture and fertility, and changed with regional differences of
soils and climate. So effects of fertilization and plastic film mulched ridge-furrow cultivation system on population dynamics,
yield components and utilization of water and nitrogen of winter wheat on dryland were studied by field experiment in rain-
fed growing areas in Xiangfen county, Shanxi province. The experiment consisted of 5 treatments, i. e. no nitrogen
fertilization, conventional nitrogen fertilization, recommended fertilization, recommended nitrogen fertilization + top
dressing and recommended nitrogen fertilization + plastic film mulched ridge-furrow cultivation. Potassium fertilizer was not
applied in all treatments, rate of phosphate was 120 kg P,0./hm’, and top dressing was carried out when rainfall happened
at booting stage. Ridge width was 20 cm, ridge height was 6 ¢cm and furrow width was 20 ¢m in plastic film mulched ridge-
furrow cultivation system. There was no irrigation and the rainfall was 182. 6 mm over the winter wheat growth season.

Obtained results showed that both the plastic film mulched ridge-furrow cultivation and top dressing treatments promoted
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winter wheat spike number formatting evidently, which was around 4. 6 million plants/hm’. Spike number and kernel
number per spike were the key factors in increasing yield of plastic film mulched ridge-furrow cultivation and top dressing
treatments on dryland; the invalid tillerings could be reduced by later top dressing. The yield of plastic film mulched ridge-
furrow cultivation and top dressing treatments were 11. 73% and 13. 91% higher than that of conventional fertilization
respectively. The plastic film mulched ridge-furrow cultivation could obviously reduce consumption of soil water, so the
water consumed by plastic film mulched ridge-furrow cultivation was only 172. 82 mm, which was the lowest among all
treatments, and the water utilization efficiency of plastic film mulched ridge-furrow cultivation system was highest, being
11.60 kg-hm - mm™'. The top dressing treatment promoted effectively soil water to be absorbed and utilized by winter
wheat , with the water efficiency being 10.47 kg-hm *mm ™", which was significant higher than that of both conventional
nitrogen fertilization and recommended nitrogen fertilization. Therefore, to some extent, the plastic film mulched ridge-
furrow cultivation and top dressing were important measures to increase water use efficiency and solve soil water shortages in
arid regions. The top dressing also effectively promoted the nitrogen and utilization by winter wheat in medium-late growth
period. The total absorption of nitrogen in aboveground part of winter wheat was increased by 15.45 kg/hm’, and the
agronomic efficiency and apparent recovery efficiency of applied N by 20. 6% and 106. 1% , respectively by top dressing of
30 kg N/hm’ on the basic nitrogen application of 165 kg/hm’. The nitrogen use efficiency of top dressing was 51.5% ,
which was significantly higher than that of base fertilization. Therefore, plastic film mulched ridge-furrow cultivation and
rational fertilizer top dressing according to the regularity of nitrogen requirement are the important measures for increasing

yield and utilization of water and nitrogen of winter wheat on dryland.

Key Words: dry land; winter wheat; plastic film mulched ridge-furrow cultivation; top dressing; yield; water and

nitrogenous utilization efficiency
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AT 2008 4F 10 H—2009 4 6 J7E L7544 It U 17 35 U B0 A bt/ N2 Fiki X 677, i o7 T AR 28
111° 25", Jb4h 35° 537 i X @ Wiy Kbl Pk 2= KU, AR -3 H BRET 4 2419 h 247, A 80FR 4700 °C L 4R34
SIRAE 12,6 CEAT, TTFEH 180—210 d, A F-¥IREM &8 550 mm 247, FEAETAET—9 Ay, A/NELEE M
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[ FEARF 3 RE K O 180 mm, HHEAN ARPER £, _ 250,

. N g W Bk
i Ay o £, pH 8. 02, BF )2 LA ML A i S0 = RBERR
11.2 g/kg, 2%0.88 g/kg, A 14.41 mg/kg, L £ 150
W 13.42 mg/kg, HALHT 201.91 mg/kg, HER 1. 14 ¢/ L 100}
cm’ g 50 |
. -
L2 Bt 0 11 12 1 2 3 4 5
RIG L 5 AN AL FE A B 1 X B ZbFE 2 S 2 A fi Month
K&ﬂ‘fﬁﬁ@ﬂﬂ%,ﬁﬁz)ﬁﬁﬁ;ﬁﬁﬁ3 ﬁfﬁiﬁﬁﬁﬂ&%é’[ E1 2008—2009 F&/NELEEFHETSH

Hi B AT AR B T Aok 3414 356 25 AR B AE B Fig.1  Rainfal distribution during winter wheat growing seasons
I RbEE 4 RAEANE 3 SR b T2 R B R T PR AR I in 2008—2009
30 kg/hm’ ;4bBH 5 EAEALBE 3 1 Ko mli b R B 22 1
A, 22 LN 8 N MRS A B 2 47,4785 20 em, 2898 35 cm, YA TE 30 em, AbEE 1—4 B 7 =R A e
AR RERTER R, TR 13 em  FEHE G4 FD 175 20 em, AENMEHEER 4 R, DIXTEFL 6.25 m x 16 m, R
BEHLIX A HES] el Fp o st 2k bt 2 M5 6 =,

DI RS (& 12 12% ) HIRME , BAEBE IR R (% 2 46% ) , PR IEARME /N2 36 Fh AT Y ST R AR R ZINIX
FIA LR SR 56T 2008 4F 10 H 3 HEEFF,2009 46 A 3 HISHK, &/NE B WIAERE , A Wi k%
M-~ 182.6 mm,

F1 ENABARMENERTFRBAR
Table 1 Test scheme of high yield of dryland winter wheat in Xiangfen

A Eitipeny F#4r it Rates/ (kg/hm?) Ry 2
Experiment treatment Sowing rate/ ( kg/hm?) N P,0; Plant patterns
1 150 0 120 et A
2 150 127.5 120 e H -1
3 150 165 120 et A
4 150 165 +30 120 JEH -1
5 150 165 120 B2
IRAL B A K

1.3 e H &Ik
NERFRRIIE G BN XHE 3 MR B L me BT 3 FE A BT T A
A, FFEA TR, FEAC/ N BRI 2l SR T BE S 2
INFEFERAER N BRI TEA/NX IR 3 m x 10 m ORI X AN X RARCE) 3 N 1 m
SVANY = T R b O T G B AL = T
BRI I R FK AR R R AT AISGIR I AR /N XCR B2 m R (B 20 em R 1 ANER)
I E A KR,
FEKHE ET(mm) = #8172 m RV - WORET 2 m HHEVOKE + 248 B A Sk &
VERIK 3 R (kg-hm ~mm ™) = /NERPRL™ i/ FEK
R R
AR AROR = (i EAE )G T RAR Ve = i - A RNE A TR ™= i) /A B sl 2 48 A
R 24 2 IR = (it B G VE SN st b 38 1 W R0 i — A it R MBS AR A SO 300 1 38 19 W0
M) ARl R A
1.4 WGtk
IR EHE L FH Excel Al DPS $d 4b PG H-4R A4 0047 40 Hr
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2 BER5H51
2.1 it AR S 2 90 R Yo 4% /N TR AR 235 4 F 52 )

SE SR A A5 AL PN B IR SR B A (36 2) R TERE B0 150 ke/hm 1500 F R [RIAL B A BEAS 1 22 5 AN
F N 222 Jikk/hm® o N B R A BERCH BRAE SR R BERT AR 2 3 4 BERHE AU (R AT b 2
5 LA ARFE 231 1 955. 31 .,545.33 310.22 385. 09 Ji#k/hm®, H22 57 B35 (P <0.05) , RN B AL P
HT AR PR AN, AR 4 FIALIE S B Jm UREEIOT-24 8 463 J7#/hm? , HEACRE 2 FIALHE 3 =529 60 J7H#8/hm?,
ZRWE(P <0.05), AbHE 4 2R )5 JOR o BER L AAL i /D 247 20 i #R/hm® . W] L SE AL 28 1 B
S50 A FT IR0 %) 3 BE 2B KSR AR A3 BE T, (E AT 7 /0N 22 W 4R v W P 1 4 2 A 40 3 ot 38 A Sk D2 TE K

JrBE,

R2 ERAMBEZATEIENEREE RN

Table 2 Effects of fertilization and ridge film furrow planting on dynamics of stem ( spike) number of winter wheat

L PRI 2 R ) S

e Seeding Early jointing stage Booting stage Grain filling stage Maturity stage
- A BN BEN BN A A

Number at Emergency = Total stem number ~ Total stem number  Total stem number Spike number Spike number
/(Ji%k/hm?) /(Ji¥k/hm? ) /(Jikk/hm?) /(Ji¥k/hm?) /(JiF/hm? ) /(Jit/hm?)

1 246.62a 780. 14¢ 416.21b 399.21b 385.17b 382.17b

2 187.94a 1190. 12b 463.23a 415.23b 404.20b 404.20b

3 212.49a 1425.23b 489.24a 411.21b 410.20b 403.20b

4 248.65a 1350.36b 473.25a 467.23a 460.23ab 453.23a

5 215.87a 1735.45a 507.25a 485.24a 479.24a 472.24a

7] — AR F BEFR IR AR BEAE 0. 05 7K [ 22 57 b 3

2.2 it AR B 2B TR A AR G 4% /N7 7 i B k) PR 2R 5 )

ARG FH A& /INAE A o R HE P (36 3) SR G AR B 4 AZE B REBCAE B 2 3510 10. 5% , P2 N 13.91%
ZHBFE(P <0.05), TR AN AT POURE AL, 23 7= i B R R it AR AR R T — 2
FROIE =0T, AL TR 2 RO B3 (P <0.05) KB T 11.73% , AEYrit i, 9 4772.78 kg/hm®,

£33 HEMBRZAMENSNEFERMEERNZMT

Table 3 Effects of fertilization and ridge film furrow planting on yield and yield-compositions of winter wheat

e GEL7 i 28 T Y TEA RERIEL TR
Biological yield Grain yield Spike number Kernel number 1000-kernel weight
Treatments ) ) 4 ) . g
/(kg/hm*) /(kg/hm”) /(10* F/hm?) per spike/$i /g
1 3578.57d 1599.34c¢ 382.17b 18a 35.3a
2 4156.51c 1802.30b 404.20b 19a 35.3a
3 4297.40bc 1917.63ab 403.20b 20a 36.2a
4 4591.43ab 2052. 88a 453.23a 2la 35.4a
5 4772.78a 2013.65a 472.24a 2la 35.4a

[ —BIA Al FBER R A RIS BIAE 0. 05 7K 125 5 i 2%

MWNEFERR N 3 BRE AT AR S TR R R & 225 kb 4 5 pORRECE B T Hofb Ak
F(P <0.05) /=& SHEIEAHK(r = 0.864 1), 43 M1 B[R Ab A FEEE S K (CV =8.96% ) , T
KA R AR/NCV=1.08% ) , FEREE IR (CV=6.59% ), [FIHRE /N A2 0 AR R R R %, R4 15 24 4t
BN Jam - {i0P S
2.3 it AR A B AR R T A K A REAE KK A R AR

MEL 2 0] LIE ORGSR B 0—40 em HIES /K E BB RTERA FTHe &, 0B 5 o 14% , B s 3L
Kb 32 PR A/ INAZ TSR 1 (2009 4F 5 ) A RE T & E 3, R 109. 3 mm, 7 24 F IR &Y 59. 9% (K
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1), M RS2V Tl ke P A R AN R 7K, 3G I 35K 45 & Ak d
%,%ﬂ‘iﬂﬁ 40—140 em j:EE/‘J/ﬁ’\ﬂ(%%E‘Z:%E,qZ Soil water content/%

0 2 4 6 8 10 12 14 16

8% ,K/K)JZHHFEHTIY 40 em §7 R 80 em, I H A AL #H

e E
140 | —%— hhs 4

PIHMEAE 7.5% —9. 6% ; 7E 140—200 em 2, 203 5 + 0 — :
HOKAY S B BIN 11. 4% 11.6% 13.4% ¥ T H 20 F
fl b3, FRPAE B2 PR A — R ] DL+ 40
PR S THAE, BAT R g r
T 80—120 om HHEEOKRLAR, 8% —9% i BE T
R 5 AL FE 60—140 em 1 J2 K BESAE, (U 6—  BZ 'UT —e—
5 120 —B— 482

60—180 cm -8 7 /K it AR B 1A T80, R E ol 4_9__%5
180 cm - JZ HY7K 438 AT Bl /N2 R o 150 L
FHER 4 AL, &/ NZ WK G AR 3R 5 1 2m )2 200 L
K T HAB AL BE ) K 281, 46 mm , L A% R AT 0
T3.6% AbFE 3 FIALTE 4 B4R ML T 7. 2% | B2 Z/NEHET RS 118 0—200 cm K 4FE

4.9% Al Iy, % Ej.cg» %{@ﬂ‘ *E 7511: q: |:|g|: Hi X Q%Tﬁ ’f% jﬁ E"]ﬁéﬁl Fig. 2 éoil water characteristic of 0—200 cm before winter
%ﬁi%ﬁzifﬁﬁo %ﬁ%{@ﬁ#ﬁé@7ﬁé}ﬁjﬁﬁ$m% ’ ﬂ{] 11.65 wheat sowing and post-harvest

kg-hm >mm ™", HR OB AEALEE | /KRN 10,47 kg-hm > mm ™" HL 25 3357t 10 b B0 A A r s 22 5
B3, RUVE BRI AT LR A R AR K S 40008 B AE W] RUR 3 L EAE K A T, B LLAE —
S b A i v 7K ) P AR o 5 X S 3 B ke ] O

F4 MEMBERZHFEN KT AEHZM
Table 4 Effects of fertilization and ridge film furrow planting on WUE of winter wheat

FEHIIK WA S K i W FEIK A YERIK 53 I =%
Qb Water storage Water storage REF fiil Water Efficiency of
Treatments before sowing past-harvest jun & consumed water utilization
/mm /mm mm /mm /(kg-hm~%mm~")
1 271.68 256. 64b 182.60 197. 64a 8.09d
2 271.68 259.83b 182.60 190.91a 9.44c
3 271.68 252.16b 182.60 202.12a 9.49¢
4 271.68 258.26b 182.60 196.02a 10.47b
5 271.68 281.46a 182.60 172.82b 11.65a

2.4 it IE IR IR 2 v b R N R M A /N RUIE A AICR ) 5% Ml

3R 5 AT 0L, BR2S A4 A BRI AU IE AR 22 OR T i 2 22 57 P340 2. 09%  Ab B 4 FARBE S (9 U X5 2= Il
RN 7. 42% 54032 3 2R W M A E NI 2 (1) 127. 5 ke/hm® #0420 3 1 165 kg/hm’
BF, /INAZ b b 3R W RS R T 0 A, AUIB AR 22 AR 5 21, 2% , 4 2= [RDSCR ST A I B AR 5 76 2 it 1 i
165 kg/hm® I FHBEAE 30 kg/hm® , Hi [ &R0 ZUR M 15. 45 keg/hm®, 5408 3 22 53 3% FUIBR A ROR IR
= 1 20.6% , ZAE S Z= ISR S T 106. 1% , 3B IR MFIHE KR 51. 5% ; 7E5L A 2 165 kg/hm® b EA 77 5
ZEVE R RE B Ay W AR RN 11, 41 ke/hm’, FUE AR ERCRIE R T 300 1%, RIE Y =R R & T
79. 8% ., FHIARYEAC/INZE T U A HIE A3 JE R 5 2 Y o e v L 25 8 o SR 4/ N 22 BRI R %% 5
VI T /N2 066 S R WO 803 o TR AL, AR Aer R IR a4 v SR b A /N2 RUIE R FH 32 A O B
3 itig

CLA BT 500 A/ INAZ 7 Bt (R AR 1 R 3R R/ I Ay B > ROk &8 > TR BEAIOR B B 2 ) 327
PR AR C TR A2 - A LT S AN, B T B SR8 i P2 B 2t X /N2 7 e i R BRI R
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ARG 3 W T BRSO SE 24 3 2 /N2 P i (Y SRR R 3%, WA F 9 3 A RO 8 T B A = A e 2
PRI G i IR 78 30 ) LRI A /N A AR X, TR T 22 S AN B 3 AU &/ N2 A ™ (K LAl T
TE— S BT kg A g 7 L, 2 RSO AR AR S | AR ASORI T %8 7™ b (R 5 i RV A5, 1 o e 222
WFFER I, S REAFRLECES A U R TR AT B2 R A AR . 4 BE A E M 30 19 36 o 81 5 7R B S o S 4 A
FRAB, SRR, A ) T RERE R n . DRI S AL SRR R /N A Y T R ORI R R K, 2 A/
R P VPS8

®5 MEEMBRZATENREEM

Table 5 Effects of fertilization and ridge film furrow planting on N fertilizer efficiency

e SR AU 2R UL 242 YR
Treatment Total N uptake Agronomic efficiency of applied N Apparent recovery
reaments /(kg/hm?) /(kg/kg) efficiency of applied N/%
1 30.51c — —
2 36. 18be 1.59a 4.45b
3 36.85bc 1.93 a 3.84b
4 45.96a 2.33 a 7.92a
5 41.92ab 2.51 a 6.91a

IRy SRl 29 5 X AR A K A F2 2 R A e KRB R FH R SRR K, LA A [ /K A TH RE AR A R AT BE 2 1Y
LT e R R A P T I ST A R, VoY R AT 5 R R e AN PR AR 4 A
R 22 (H A 9T R WSS A JOUEE , B AT 7 25 Y8 T AR A /INEE P RUK 43 A P sl R 2 ) S el 4
I I I A 9 3R WY b BB S 0 FF R K 43 R R G R TR AR ORE R RS AR BT SR K, 38 9.9
kg-hm 7 mm ™" ZRRELT R IT R I RE BT R IR 3. 5% KA I AR5 2. 85% A6 R FH A EE AL
FEAHLE G (0 B BV R AR 7 2, il A R0/ D H T 78 R Ko A8 4 IR RE T AP RLK 43 R R
11.6 kg-hm_2°mm_1 o

KN R B R T W5 A, BRI A R R AN R R B B BB DR
REMBEBWESERE, W TNAR B ERS, heE b AR REEN 40% A4, HUOERHER
AR, 239 B 26. 439% F119.55% Y T RIRTE T B & Rk, DL AN IR TR R R 1
W BB BT AR 2 R 5 AR T K M RIB S B AR . R A 5T 22 0020 IR 5 B 7 o 7= A4 () i ]
DL R S AR AR, HAE T At 30% JG B3 78 4i L “50% ENE ,50% R H 5 B M0 S84 i, S i
BA MK, — ok 2 RHMEUR I — it e, (EASHIF S 2 B, 2R 40 B 28 RT3 S T L S8 25 1 o 52 s 4 /)
A SRR R e 2 7= B U 52 i /N 22 6 T 0T 10 2 A SR s R, 7 A9 10 280 0 2 0 o 4% 5 3 o) L i o
PEAT 6 AE 2 5 Ml A /N A S 7 ) EE Bl (L7 S ) ST e R o ) () AN 2 35 BB B A S 5 64T
YT BB A U T AR IR T AR RIS R R A T U E , BER 1 2 4 IR B RO, R
JE, B T 3B AR | = sy 2 2 7 i 2 030 P AR 2 T 30AIE . T LA SR b /N B — i — 32 it e
218

A Pz 2 RUIE R S BN 2 5 7 T A ) B R e, RIS 1) % ¥ Bk 5 - 3K 00 5 A 55, 2 it U 1)
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