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Effects of Different Fertilization and Mulching Cultivation Methods on
Yield and Soil Water Use of Winter Wheat on Weibei Dryland

XUE Cheng, WANG Zhao-hui, LI Fu-cui, ZHAO Hu-bing, ZHOU Ling, LI Xiao-han

(College of Resources and Environmental Science, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi)

Abstract: [Objective] Research on effects of fertilization and mulching cultivation patterns on yield and water use of winter
wheat is recognized to be of great significance in increasing crop yield and water and nutrient efficiency on Weibei dryland.
[ Method 1 Field experiments were carried out to study the effects of recommended N fertilization based on soil test,
topdressing, ridge-mulching and furrow seeding, and covering soil surface by retention of wheat straw during summer fallow on
winter wheat yield, biomass, harvesting index, water use efficiency and annual changes of soil water. [Result] Results showed that
compared to local farmers’ cultivation mode (apply all the fertilizers to soil once before seeding), topdressing of partial N fertilizer
(25% of total) in dry-land region increased winter wheat yield by 6%-14% and WUE by 7%-10%, with WUE reaching 12.2
kg-hm2-mm? to 13.6 kg-hm2-mm; ridge-mulching and furrow seeding combined with N reduced topdressing increased winter
wheat yield by 15%-41% and WUE by 109%-30%, and the WUE were as high as 12.2 kg-hm2mm™ to 16.5 kg-hm?2mm™.
Optimizing nitrogen fertilizer application by 1/4 nitrogen fertilizer being topdressed and at the same time using the ridge-mulching
and furrow seeding was found to be able to enhance deep soil water usage by winter wheat, increase water content of winter wheat at
heading stage and then enhance the biomass and harvesting index at harvest. This method led to a higher soil water consumption over
the whole growing season, but the water use efficiency was also increased due to much more increase of grain yield. However, only
reducing nitrogen input did not increase the water use efficiency. Nitrogen reduced topdressing combined with ridge-mulching and
furrow seeding also increased soil storage of rainfall water during summer fallow and the summer fallow efficiency, by covering
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furrow soil surface by retention of wheat straw and keeping the ridge mulched plastic film during summer fallow. This method
achieved annual soil water balance and was proved to be able to sustainablely increase winter wheat yield. [ Conclusion] Optimizing
nitrogen application combined with ridge-mulching and furrow seeding was showed to be the cultivation and fertilization method to

increase yield and water use efficiency for winter wheat growing in Weibei dryland area on the Loess Plateau.
Key words: winter wheat; fertilization; ridge-mulching and furrow seeding; grain yield; soil water
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Table 1 Basic nutrient status in the plough layer soil of the experiment field

+2 R EEDIR £ Rk Ja ke pH R % Mineral N
Layer (cm) Bulk dezsity Organii C Totaliz\l Availablj P Availablie1 K (i_li@k‘i‘?‘i& NO+-N NH4 N
(g-m™) (9-kg™) (9-kg™) (mg-kg™) (mg-kg™) Soil solution) (mg-kg™)) (mg-kg™?)
0—10 1.22 8.73 0.81 54 139.9 8.18 13.0 29
10—20 1.49 8.32 0.73 3.6 119.4 8.17 13.2 22
20—40 1.32 6.28 0.58 122.0 8.24 8.6 1.8

T2 2008—2010 ENEEBFHRESKRNEAN A K E

Table 2 Monthly precipitation during winter wheat growing stage and summer fallow from 2008 to 2010 (mm)

41 51 6 H 7H 8 1 9H syl
Apr. May. Jun. Jul. Aug. Sept. Total

i i) 10 H 11 H 12 H 1A 2 H 3H
Time Oct. Nov. Dec. Jan. Feb. Mar.
2008—2009 174 9.2 0 0 17.2 22

2009—2010 16.4 36.8 2.8 0 11.6 18.8

15.6 59.4 14.4 117.6 93.8 378 404.4
38 324 28.8 164.5 210.5 77.2 637.8

Bk B DR RIUR: i BRI KRR K =GR ATT 7 BT o i ARl A 2k i

Resource of precipitation data: Changwu Agro-ecological Experiment Station of Loess Plateau of the Institute of Soil and Water Conservation, Chinese

Academy of Sciences and Ministry of Water Resources
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Table 3  Field experimental design

AbFE A FR FNE S5ie e b 58 5

Treatments Basal and topdressing fertilizer Seeding and management

R HEEAUERE 105 kg P20s-hm™ FEE 150 kg-hm®, F RO, 4798 15 cms ANEUCIRI RS A ERUGE

Control Only P was applied at 105 kg P,Os-hm™ as basal fertilizer WERG 1 RRIEE Lk, BN )E NER/NERRNT 2 B, RN
W, BHEIA 40 cm
Winter wheat was seeded at 150 kg-hm™ and row space was 15 cm with
flat soil surface. Wheat straw was removed after harvest. Plots were
plowed to 40 cm soil depth a week after winter wheat was harvested and
plowed and harrowed again two weeks before next winter wheat seeding

VL E:o Jiti% 162 kg N-hm?, Jitif 105 kg P,Os-hm 5 BB 77 A8 R

Farmers’ mode

T 16 R
Early spring
topdressing

I EE R 1
N reduced
topdressing 1

IAEIB A 2
N reduced
topdressing 2

R
Ridge-mulching

N and P were applied at 162 kg N-hm™ and 105 kg P,0s-hm™
as basal fertilizer

HA 104 kg N-hm2+105 kg P,O5-hm2; 3l 58 kg N-hm2,
RHHT 2 A 20 B

N and P were applied at 104 kg N-hm2and 105 kg P20s-hm?
as basal fertilizer, another 58 kg N-hm as topdressing
fertilizer was applicated on February 20

K- HERE AL R, JEAE Yy 104 kg N-hm 2+105 kg
P,0s-hm?; JBAEJ 34 kg N-hm?, JRF5RT 2 A 20 HiEE
According to soil testing results, N and P were applied at 104
kg N-hm and 105 kg P,Os-hm?as basal fertilizer, another 34
kg N-hm2 as topdressing fertilizer was applicated on

February 20

SR PN HEZERERL B, JEHE 9 104 kg N-hm>+105 kg P205-hm™?;
REHT 2 H 20 H. #7713 A 20 H &AL 17 kg N-hm?
According to soil testing results, N and P were applied at 104
kg N-hm2 and 105 kg P,Os-hm? as basal fertilizer, another
two 17 kg N-hm as topdressing fertilizer were applicated on
February 20 and March 20

K- HEEHIAR R, JEAEJY 104 kg N-hm2+105 kg
P,0s-hm?; JBAEJ 34 kg N-hm?, JRF5RT 2 A 20 HiEE

and furrow seeding According to soil testing results, N and P were applied at 104

R
Ridge-mulching

kg N-hm?and 105 kg P,0s-hm?as basal fertilizer, another 34

kg N-hm2 as topdressing fertilizer were applicated on February

20

AT e AT &, HEAE 9 104 kg N-hm+105 kg
P,Os-hm?; EAEJy 34 kg N-hm2, 327577 2 H 20 Higje

and furrow seeding According to soil testing results, N and P were applied at 104

with higher
seeding rate

kg N-hm and 105 kg P,05-hmas basal fertilizer, another 34
kg N-hm as topdressing fertilizer was applicated on
February 20

The same as control

FhE BT U8 R

The same as control

Ho e LB 7 3Q4% X

The same as control

PR BT U4 R I

The same as control

FE 4 150 kg-hm®, FRATHZ2E, 28 AR, 26 35 cm, ZETE¥4 9 30 cm.
WARERR, ATEE 20 cm. NEWGRIANE R A FF AL, 52
[&]o NZRETTRIAT I —k, HHA 40 cm

Winter wheat was seeded at 150 kg-hm™ and row space was 20 cm with
ridge-mulching and furrow seeding cultivation. The ridges were 35 cm
wide and the furrows were 30 cm wide. Furrow soil surface was covered
by retention of wheat straw during summer fallow. The plots were plowed
and harrowed to 40 cm soil depth once before next winter wheat seeding
i 225 kg-hm?, FERIAR2E, 2B LI, 2858 35 cm, ZZIAIA % 30 cm.
WARERE, AT 20 cm. NGRS IR BAEFT AR, B 252
6o ANZRETTRIAT I —k, HHA 40 cm

Winter wheat was seeded at 225 kg-hm™ and row space was 20 cm with
ridge-mulching and furrow seeding cultivation. The ridges were 35 cm
wide and the furrows were 30 cm wide. Furrow soil surface was covered
by retention of wheat straw during summer fallow. The plots were plowed
and harrowed to 40 cm soil depth once before next winter wheat seeding
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Table 4 Yield, biomass and harvesting index of winter wheat

Ab3 2008—2009 2009—2010

Treatments s A LherRieg 8 PR a7k LVEIR E

Yield Biomass Harvesting Yield Biomass Harvesting

(kg-hm?) (kg-hm?) index (%) (kg-hm?) (kg-hm?) index (%)

*HHE Control 2538d 6022c 42.2b 2938.5d 6523.2c 45.0b

& PR Farmers® mode 3365bc 8058b 41.7b 3168.1cd 6607.1c 47.9a

TiEAE Early spring topdressing 3852b 8966b 43.0ab 3353.1hc 7104.6bc 47.2ab

JRAIBAE 1 N reduced topdressing 1 3301c 7502b 43.9ab 3365.3bc 7223.3bc 46.8ab

JRAEBAE 2 N reduced topdressing 2 3254¢ 7691b 42.3ab

JE7%3 V9% Ridge-mulching and furrow seeding 4741a 10644a 44.5a 3645.7ab 7668.1ab 47.6a

[k 22 Rtk i 3924.9a 8527.3a 46.1ab

Ridge-mulching and furrow seeding with higher seeding rate

6%; JRECEAL 1 0 I - 7 e A A R D
15%, {HER PR, AT/ N~ B0 5 1L,
JEZEHEE 6%; JREL G RBINFRIEEAR (BB
TR AT E IR/ = B 8GN 41%F0 15%, H
K4 FE h 150 kg-hm9 % 225 kg-hm?ff , J5Z
RN PR — iR R, 67T 24%. THEGE R
MIZB 7 Vg 3Bt 2008—2009 4 (25 & Ak St %
B AR, BN I P I — A R
7 T B IR H R . {2 2009—2010
fE, TREIBRE. ZBFEHE. s R AR R
Fate P I K 1.5%. 0.6%F1 3.8%, TMitE
Vi) BRI I0,  $HIK LRRARE f Ji R 3
BN T TR K. I RO RIS R R AT B AR

HREA R, 2009—2010 FEFHEWT, /N2 A8 1 i %
THRE, B e RIS B IsE e 2BV iR
3 2009—2010 F 141 5 /)N T~ 2008—2009 4.
2.2 IHEFEHTERK, EREKEFKSSE
HRETAE ] R K & Mk E KBRS & &
SHTRE (£5) , 2008—2009 4, THAEE. WA
BHE 1R 2, ZE7E VA AL R AR IT A6 ] 0—300 cm +
JEE K& 5 A4 PR B 43 7 1 3.5%+ 1.9%F1 7.9%
1 8.1%; TiluziE AEAL AR AR K BRI — B FE 1
s, (HH eI REK. 2009—2010 4, 7% AbFH
TP LK RIE 257, MmEKERIE S
2008—2009 FEAH[RI R HA , o 25 2B 70 1 A =0 T3
T AR, AR KRR N 36.7%.

5 ATEIHEREFFIE M THIEF LR 0—300 cm TEMKREMREKENKIEE

Table 5 Water storage in 0-300 cm soil layers, crop biomass and water content at heading stage under different fertilization and

cultivation methods

Ab3 2008—2009 4F 2009—2010 4F

Treatments 0 ] =R L AL | 4a [ . PR=R ] I\ AL
0—3m Lk RbRAEKE MK R 0—3m 3K RREKE RS &
0-3 m soil water Biomass Water content of ~ 0-3 m soil water Biomass Water content of

storage (mm) (kg-hm?) plant (%) storage (mm) (kg-hm™) plant (%)

*+H& Control 481.3a 6059.1ab 70.4c

A 53 Farmers” mode 426.9b 6910.2a 66.5b 477.6a 6039.2ab 73.4ab

T IBAE Early spring topdressing 441.9ab 8190.1a 67.3b 481.6a 6820.8b 71.6bc

JRZJEAE 1 N reduced topdressing 1 434.8b 6892.4a 66.0b 478.3a 5880.9ab 73.1ab

IR B NE 2 N reduced topdressing 2 460.6a 7637.7a 66.8b

RN 461.5a 6172.3a 71.5a 480.0a 5273.6¢ 74.8a

Ridge-mulching and furrow seeding

o 2B 483.4a 8254.6a 73.1ab

Ridge-mulching and furrow seeding
with higher seeding rate
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TP AR S R E P RE K S5 AR P AR A L AN ]
MR R, T B A x5 3 = B BRI, 1
YKo I FEARRT IR, 7K 2 I e e Ak P A 2
T B v TR AR RAUEAE 1 U B TR A
W B RK o R A R A P a8 1 i, R 5
BAEYIINEAR ;s 2278 VA 3R AR SR o5 2 2B T VA 4R A 5
K BB A B o) il v 9.9%FH 18.9%. W]
W, TEMESERmEMEL T, HTIEAE, w8 RE
SR I A KR KA R, TR B
GRS, AR R & WAL Al
R AN G K. BKIER, Rt N
MK ORI, BT AR R R A, A
AT b7 B S 5 f e, (E 2R TR VA AR S S it 3 o
TR R, BT B4R m X 3K A3 R
FIF, XA R 0% i — 0 8 7 1) B 5 A
2.4 INEUWIREATIE 0—300 cm TEKS I

Xt & /N FE R A% T 3% 0—300 cm 2K
B (R EHESWERY], 2008—2009 FEIHZEAE.
AGEIE 1 F1 2, 227 VAR LK b B 88
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Table 6 Water storage in 0-300 cm soil layers at harvesting stage, crop water consumption over the entire growing season and
WUE under different fertilization and cultivation methods

Ab3 2008—2009 2009—2010
Treatments fetrek KA FIR R femkek KA FIR R
Crop water WUE Crop water WUE

consumption (mm) (kg-hm2-mm™) consumption (mm) (kg-hm2-mm™)

X+H& Control 240.8b 10.5¢ 286.8ab 10.2¢

A Pzt Farmers’ mode 265.8ab 12.70 284.3ab 11.1bc

T IB A Early spring topdressing 283.1a 13.6b 276.0b 12.2ab

IR B NE 1 N reduced topdressing 1 282.9a 11.7bc 280.1ab 12.0ab

IR B NE 2 N reduced topdressing 2 272.9ab 11.9bc

278 7H4% Ridge-mulching and furrow seeding 286.9a 16.5a 298.7a 12.2ab

o 2B TR 297.7a 13.2a

Ridge-mulching and furrow seeding with higher seeding rate
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F=7 INEWIKF 0—300 cm T EHIKS I

Table 7 Compared to soil water storage before seeding, changes of water storage in 0-300cm soil layers at harvest under different

fertilization and cultivation methods (mm)

AbE Fol LK

2008—2009

Fh LK & 2009—2010
Soil water storage

Treatments Soil water storage
before winter wheat

WK gk AR
Soil water storage

before winter wheat WM IRIE K Aok 22
Changes of soil Soil water storage  Changes of soil

sowing at harvest water storage sowing at harvest water storage
XtHE Control 504.4 415.3a -89a 536.3 435.1a -101ab
£ P Farmers’ mode 504.4 404.7ab -99ab 508.8 410.1b -99ab
Ti#E AL Early spring topdressing 504.4 381.2b -123b 503.0 412.7b -90a
JREIEAL 1 N reduced topdressing 1 504.4 384.2b -117ab 516.1 421.6ab -95ab
JREIE AL 2 N reduced topdressing 2 504.4 398.6ab -105b
Bz Mk 504.4 378.5b -123b 523.3 410.3b -113b
Ridge-mulching and furrow seeding
T 2R 523.3 411.2b -112b

Ridge-mulching and furrow seeding
with higher seeding rate

2.5 EBEFKREEKIZENRE

2008—2009 4F, Zeid HRNH, AN [t AE 5 Hk
B 0—300 cm HIEWP KB EIANFFEERE (£
8) o ARSI LB KGN 104 mm, RIRZE (R
WRCE (%) =H R 1% 0—300 cm + 2 /K
e (mm) /2R KE (mm) X100%) A
35.1%. kAL AR EIRHEH TRAE NIHZE -
GO, VNREFIEGINEK. PRI, 13
Bk 145 mm, BUR PR S 39.4%, IR IR A3 B
. N 48.8%. T E IR IEW /K IN 122 mm, AT
IEGEE 1 (132 mm) FHCEGEAE 2 (117 mm) Z [,
2009—2010 4, HZKWH (7—9 H) BF/KE (452.2
mm) & T 2008—2009 4 (249.2mm) (£ 2) ,
(Al It 2009—2010 4% AbFE + 3K N &35 & T

2008—2009 “FAR PR HH . 28 78 V6 7 A =y 2% 2B 78 VA R A =X
ARG IR SR e, oS0 296 A1 299 mm,
PR R B 20 TN 64.8% A1 65.3% . T AR &
JE PG A 2 8 A AR B 1 D 3K P E . AR
M RR, (AL FYRIX F R N2 AR,
PN 5 R T AR B S A UTE AN [ B 7K A 25 P A b
FEEEK . DROKRUR, KRR Pt o B AR N R
2.6 TIEMEAFEKSFE

A IR 5 K s B X 2008—2009 A A
2009—2010 419 25/ 22 3 iy 3 /K 38 P A2 B
B — 4 HI KT . 2009—2010 45 2008—2009 /)
FHER L HOK ML (R 9) , BRI ARB R
Tk, HeE i 0—300 cm KA RN, X E
TR T RIE IR F—F/ N Ere R ERS, BA
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Table 8 Increase of water storage in 0-300 cm soil layers after summer fallow compared to that at harvest and summer fallow
efficiency under different fertilization and cultivation methods

s 2008—2009 2009—2010

Treatments LUNGEVES

g K B D
Increase of soil water

UNGEIES
Fallow efficiency

K I

Increase of soil water Fallow efficiency

storage (mm) (%) storage (mm) (%)
X} E& Control 121ab 40.8ab 273ab 59.8ab
AP Farmers’ mode 104b 35.1b 248bc 54.2hc
TiwiEJE Early spring topdressing 122ab 41.1ab 236¢ 51.6¢
JRZEIBAL 1 N reduced topdressing 1 132ab 44.5ab 239¢ 52.2¢
JRZEIBAE 2 N reduced topdressing 2 117ab 39.6ab
ZE7 V4% Ridge-mulching and furrow seeding 145a 48.8a 296a 64.8a
o 2RV 299a 65.3a

Ridge-mulching and furrow seeding with higher seeding rate
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Table 9 Change of water storage in 0-300 cm soil layers before seeding in 2009 compared to that in 2008 under different

fertilization and cultivation methods

TJRREE puit VIRl kN Tizzia e IREENE 1 IHEIBIE 2 B Ak
Soil depth Control Farmers” mode Early spring N reduced topdressing N reduced topdressing  Ridge-mulching and
(cm) (mm) (mm) topdressing (mm) 1 (mm) 2 (mm) furrow seeding (mm)
0—20 2 0 -1 -2 -2 2

20—40 5 4 4 3 3 5

40—60 3 3 3 4 4 4

60—80 3 3 4 4 4 5

80—100 4 4 3 3 3 6
100—20 2 -3 -3 -1 -1 5
120—140 0 -3 -3 -2 -2 -1
140—160 1 -1 -2 0 0 -2
160—180 2 -1 -1 1 1 -2
180—200 3 0 0 1 1 -1
200—220 2 0 0 1 1 0
220—240 2 1 0 1 1 0
240—260 2 0 -1 1 1 1
260—280 2 0 0 0 0
280—300 0 0 -1 1 -1 1
K AR A 33a 6bc 0c 13hbc 13hbc 20ab

Total change of soil
water storage (mm)

F A HUE=2009 F/NAZ A HT LIRSS (mm) -2008 42/ REFIHT /N FERN AT 13K 7> (mm)

The data in table 9 = Soil water storage (mm) before sowing in 2009-Soil water storage (mm) before sowing in 2008

RN A BT m, IR NEEEZ
THFERIK S o IRAIEHE 1A 2 SRl — SRR AT R
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T EFERKRE ST —8, NEEIAR R
SR I K B T 2008—2009 4EIE T
AF, Ho1m DU B8R E KA R R (R 10 .
T2 18 REFHYR 0B AE 1 55 4 458 2 - 48 /K 5 o #24H
A, ELAr—4Enr 12K 144—149 mm. ZE7 V4
PRI K BT — AR AT 174 mm, &%
287 R AE 186 mm, 43 Hb A P AR 24 i 25 mm
37 mm. PRI K AR R, 2RI R
FIEA T E BRI K. ROKPER, UM
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PAORAIE 387K 23 (1 A AR A b 7e A4, B T SRRk

3 tig
AR R, o % MovitE
AT E /N E R, BUEHE B HEGE E ) AE AR

W /N EEIE B R AR, AR &, T
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HE7= 6%—14%. 3X B T A B et T &N
TR, e 7 AEs, IR T #iIrE
AR B, A BRIROGRfR S THEE R4/
F R R EAE A AR A IHFE T R E 80K 5,
E7K 3 I e 3k i X s 7%—10%, ik %]
12.2—13.6 kg-hm?-mm™, iXf& il FiE B m i E &,
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YR VE Sl

278 IR AR N /N PR R K 43 R R 4y Sl ik
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PR SR 15%—41%F1 10%—30%. A 0L, i%
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Table 10 Change of water storage in 0-300 cm soil layers before seeding in 2010 compared to that in 2009 under different

fertilization and cultivation methods

TRIREE pagis A TiE AL IREIENE 1 B Ak o 2R A
Soil depth Control ~ Farmers’ mode Early spring N reduced Ridge-mulching and  Ridge-mulching and furrow seeding
(cm) (mm) (mm) topdressing (mm)  topdressing 1 (mm)  furrow seeding (mm) with higher seeding rate (mm)
0—20 -3 -4 0 2 -2 -1
20—40 1 6 2 3 2 1
40—60 3 3 3 1 5 2
60—80 3 4 2 1 -1 1
80—100 5 5 9 7 3 4
100—20 13 18 18 16 11 15
120—140 20 21 22 20 21 20
140—160 20 21 23 21 23 24
160—180 20 19 20 18 23 24
180—200 20 18 18 16 24 25
200—220 18 15 12 11 21 21
220—240 17 10 9 9 18 19
240—260 14 7 5 7 16 17
260—280 12 4 2 9 7 8
280—300 10 2 1 4 2 6
e 7R AL S 172ab 149b 146b 144b 174ab 186a

Total change of soil
water storage (mm)

F P HUE=2010 FF/NAZHAHT LIRSS (mm) -2009 42/ FRRFIHT /N RERD AT 13K 7> (mm)

The data in table 10 = Soil water storage (mm) before sowing in 2010-Soil water storage (mm) before sowing in 2009
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AP BRI BRI s T R N VA A RS AT 7 25
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