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Effects of three mulching modes on winter wheat productivity and soil fertility
in dryland of Weibei Rainfed Area
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Abstract: [ Objectives ] Mulching cultivations can effectively improve soil physic-chemical and biological
characteristics, which have played important roles in continuous improvement of soil quality and crop
productivity. In this experiment, we compared the effects of several mulching ways in dryland of Weibei Rainfed
Area, to make the best use of these measurements on improving crop productivity and soil fertility in this area.

[ Methods ] The experiment was conducted in winter wheat from September 2014 to June 2017 in Fuping
Experimental Station, Shaanxi Province. There were four treatments, no mulching (CK), mulched with straw
(NPS), plastic film (NPP) and ridge-furrow with plastic film and straw mulch (RFPS). At harvest, the soil
samples of 0-20 cm and 20-40 cm depth were collected for analyzing soil nutrients, organic carbon (SOC),
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liable organic carbon (LOC) and enzyme activities, and wheat samples were collected for determining wheat
productivity. [ Results ] Compared with CK, the yields of the RFPS, NPP and NPS treatments were significantly
increased by 51.8%, 41.3% and 13.7%, and water use efficiencies were increased by 40.9%, 34.0% and 11.2%,
respectively (P < 0.05); the effects among the three treatments were significantly different as well. Compared with
the CK, mulching cultivations increased N, P and K uptakes of winter wheat, especially in the RFPS and NPP
treatments (P < 0.05). The contents of total N, P and K in the surface soil of RFPS were increased by 6.5%, 4.5%
and 8.0%, the contents of available N, P and K were increased by 46.1%, 37.8% and 19.5%, SOC content
increased by 5.1% and LOC increased by 15.1%, and the activities of invertase, urease and phosphatase increased
by 24.6%, 34.6% and 27.4%, respectively (P < 0.05); and all the increases were significantly higher than those of
the NPP and NPS (P < 0.05). The NPP treatment increased the invertase activity by 9.6% in surface soil (P <
0.05), but did not increase significantly the contents of soil nutrients, SOC and other enzyme activities in 0—40
cm layer, and even reduced the contents of total N and SOC, compared with the CK. The NPS treatment
increased the contents of available N, P and K by 22.7%, 19.9% and 15.0% (P < 0.05), SOC by 4.1% and LOC
by 12.5%, and the activities of invertase, urease and phosphatase by 12.0%, 15.5% % and 12.0%, respectively.
However, the NPS treatment had little effects on the contents of total N, P and K in 0-40 cm soil layer.

[ Conclusions ] The mode of ridge-furrow with plastic film and straw mulch performs well in increasing winter
wheat productivity and soil fertility in dryland of Weibei Rainfed Area, and can be recommended in local
agricultural production for the test area.

Key words: Weibei dryland; mulching mode; ridge-furrow mulch; straw mulch; plastic film mulch
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Table 1 Fertilizer application and field management

JitAl e (kg/hm?) TP
kb3 Fertilizer application Straw amount
Treatment )

N P,0, (kg/hm?)
CK 135 90 0
NPS 135 90 5000
NPP 135 90 0
RFPS 135 90 6500

1.3 HmRXESHH
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6 H 10 HF20174F 6 A 14 H, TA/NEIGKGE
HAaE Rk sem, KEN 1 mag+45, LL20 cm HMiE
B, BSR4 0—100 cm + )2 48E, BA/NXFHEHL
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WEE R R 2) LA, ARIESREY D ERS

TA& /NP, 5 CK AL, RFPS R4 53 T
56.0%. 57.6% Fl143.2%, NPP AL/ FIMEN T 43.6% .
45.9% H135.8%, NPSZLHEMEINT 8.1%. 11.1%
H120.5%; 7 w3500 RFPS i, NPP >, Hik
J& NPS, Ab¥Zu)2s 5 W, AR B T B X 4/
FAROFFHZR MRS, 75 20152017 4, RFPS
AbHAT N CK B3RS T 42.8% . 45.3% F1136.5%,
NPP AbH 5354 CK B EHE R T 35.9%. 39.2% Fil
29.5%; 2015 F1 2016 4FE NPS 4b B4 /NAZ K 43 F %
H5CKZRARFE, H20174FK CK BFRET
18.2%. 7 B Ak K Ab B 2 [ 4 /NAZ 7K 43 FI SR AR e
PL 7 RFPS > NPP > NPS, 2553k 5| i E /K,

#2 PRBZERETENMEEESKSFIAE

Table 2 Yield and water use efficiency of winter wheat
under different mulching modes

PN e r*i KGRI
Year Treatment Grain yield WUE
(kg/hm?) [kg/(hm? mm))]
2015 CK 3846.96 d 1231 ¢
NPS 4157.70 ¢ 12.89 ¢
NPP 5523.44 b 16.72b
RFPS 6002.76 a 1757 a
2016 CK 3678.50 d 1224 ¢
NPS 4085.18 ¢ 13.12¢
NPP 5367.24b 17.03 b
RFPS 5795.39 a 17.78 a
2017 CK 448573 d 18.37d
NPS 5405.24 ¢ 2171 ¢
NPP 6092.10 b 23.79b
RFPS 6425.47 a 25.08 a

IE (Note ) : [RIFNEHE G AR FHERIRALBLZB7E P < 0.05
K- 1225 5.3 Data followed by different small letters within a
column are significantly different among treatments at P < 0.05 level.

2.1.2 FEoMlice ORIRIVE SR AR IR X AN AL WA
BRI S AR R (3 3). 3 4F (2015—2017 4F) iR
el REN], AN[FE R B R T A NEW
R, 5 CK AR A=A, RFPS 43 0lE & T
74.5%. 76.5% F173.7%, NPP A/ FIEREE T 60.4% .
63.2% i1 62.5%, NPS AbH4F5I4E 8 T 24.0% .
24.1% M131.0%, HEmGHEZMZES B, [,
e f G WA R T RS AR AR, DL RFPS il NPP
ALER i 2 T NPS AbBE . | 2015—2017 4Fi5645
R, IR TN Wi, o, RFPS
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3 TREBEHEMLNER, BE5HRWENEN (kg/hm’)
Table 3 Effects of different mulching modes on N, P and K uptakes of winter wheat

A LbT % 4t N uptake W P uptake 40+ K uptake
Year Treatment F#Ki Grain FEFF Straw ki Grain FEFT Straw F#Ki Grain FEFF Straw
2015 CK 66.20 d 16.38 ¢ 13.85b 1.29b 17.93 b 62.35¢
NPS 82.09 ¢ 21.08 b 15.73 ab 1.66 b 22204 91.33b
NPP 106.22 b 2383 a 18.15a 192a 23.04a 96.78 b
RFPS 11550 a 2724 a 18.86 a 2.07a 23254 103.69 a
2016 CK 64.40 d 15.67 ¢ 13.67b 1.28b 17.17 b 61.56 ¢
NPS 79.95 ¢ 20.76 b 16.29 ab 1.62b 22392 89.01b
NPP 105.11b 2342a 1829a 1.95a 2276 94.12b
RFPS 113.65a 2639a 2020 a 201a 23944 100.47 a
2017 CK 77.51d 17.69 ¢ 14.52b 1.34b 19.44 b 65.60 ¢
NPS 101.51 ¢ 23.65b 17.05 ab 1.79 ab 2450 a 101.92 b
NPP 12597b 26.66 a 19.16 a 2.11a 2547a 103.31b
RFPS 134.64 a 3020 a 21364 224a 2733 a 11321a

H (Note) @ RIFIEIGARFFEEFRRAABLHTE P < 0.05 K 2257 3 Data followed by different small letters within a column are

significantly different among treatments at P < 0.05 level.

Ab PRI 5 CK Al i E 3R T 36.1% . 47.8%
1 47.1%, NPP ALIH4E CK 209l 48 T 31.0%.,
33.8% F131.9%, H - F¥EERE TR
Ifii NPS Zb 3G st 5 CK Z A B E 2 5, I
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WA, 5 CK PRI EP REAH L, RFPS Ab353 2
T 29.7%. 39.4% F140.6%, NPP AP/ 52 T
28.5%. 32.6% F131.0%, NPS b4 5428 T
23.8%. 30.4% F126.0%, & uc#kiE 2 m2 5L
F BEERIEY BRI TR &, DL RFPS 4
P 5 2220 NPP I NPS Ab3
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9.0%, H 2016 F12017 4FWF3R)Z - A & & 7
B CK WERE T 11.7% 1 15.6%; NPP Fl NPS At
HWEASTES CK ZHLEF2S, [ NPP 4
E—ERRE LT 2 & E. 3 Filma LRy,
2015 EAFMHEZ LB S AHE,
2016 F1 2017 4F RFPS 4B 2 + e 40 & 0 il 4
CK WLEHEINT 4.5% Fl 6.3%; AL )2 114
WA S CK Z 2 S KB 2 W E KT, Eilmi

] (2015—2017 4F), RFPS 4bFHE 2 + 140 &)
S CK S EHEIN T 5.8% . 7.9% F110.3%, TikbRe
NPP. NPS fl CK Z[H o & 25 ; ARG LRZE
TIEAAFAR BN, 2 FIARIRE B EKT

2.2.2 FHELA . A RUBE R AN TR) B AR A
1 0—40 em + 2SR50 i, RFPS Fl NPS 4k
PES CK $2 = 5 A , 1 NPP LB CK 22 0]
SARE GRS, 3PN REY, 5CKERKZE
HEHSUR S RAL, 2015—2017 4F RFPS 4- 314351
TERE T 46.0% . 53.3% £ 38.6%, NPS ZbF/351
ERE T 25.0%. 30.3% 124.5%, H RFPS 4bH
M4 W5 T NPP R NPS 4b3R, W2+, RFPS
AR AR A S CK B4R T 31.8%. 29.8%
M122.1%; 2015 F12016 4F NPS 4B (1) s 50U A & &
5 CK i 25, {H 2017 4548 CK W E A T 152%.
5 CK R)Z HEAMWFEAML, 2015—2017 4F
RFPS Ab #4351 5 3 T 33.2% . 41.0% A1 39.3%,
NPS Kb B4 5 3TN T 18.9% . 20.9% F1 19.8%,
HEmREZ RZEREE . WRZ LT, RFPS 403
A R & o A CK BN T 14.3% . 16.9%
F118.8%; 2015 F12016 4F NPS Ab3 5 CK Jo i # 2%
S, 1M 2017 4488 CK BEIEIN T 13.5%, 2015—2017
4F- RFPS Ab3#13% )2 + e s #0373 i 4% CK b &4
T 11.6%. 18.6% H128.0%; 2015 4F NPS 4b ¥
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Table 4 Soil total N, P and K contents under different mulching modes

AEA s 2 Total N 41 Total P 4 Total K

Year Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm

2015 CK 0.60 b 0.49 a 0.46 a 0.39a 12.02 b 12.03 a
NPS 0.61 ab 0.52a 047 a 0.41a 12.35b 12.19a
NPP 0.59b 0.50 a 0.46a 0.41 a 1230 b 12.10a
RFPS 0.62 a 0.53a 0.47a 0.42a 12.72a 1236 a

2016 CK 0.61b 0.48b 0.46 b 0.40 a 12.15b 12.06 a
NPS 0.64 ab 0.52 ab 0.47b 0.42a 12.75b 12.28a
NPP 0.60b 0.50b 0.46 b 0.41a 12.64 b 12.14 a
RFPS 0.65a 0.54a 049 a 0.43a 13.11a 1241a

2017 CK 0.63b 0.48b 0.48b 040 a 12.45b 12.16 a
NPS 0.66 ab 0.53 ab 0.49 ab 0.44 a 13.40 ab 1248 a
NPP 0.62b 0.51b 0.48b 0.42a 13.01b 12354
RFPS 0.68 a 0.56 a 0.51a 0.45a 1373 a 12.60 a

1 (Note) : [FFEHR G AR FRELRLELRTE P < 0.05 K 2257 3 Data followed by different small letters within a column are

significantly different among treatments at P < 0.05 level.

*5 TRBEBSHETLRENR. AUHMBEYHTEE (ng/kg)

Table S Soil available N, P and K contents under different mulching modes

R Jase HUICA Available N A% Available P B Available K
Year Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
2015 CK 11.48 ¢ 8.37b 10.85 ¢ 5.05b 126.53 b 98.89 a
NPS 1435b 9.80b 12.90 b 517b 135.63 b 99.87a
NPP 11.65¢ 8.97b 1135¢ 5.08b 132.09b 99.63 a
RFPS 16.76 a 11.03a 14.45a 578 a 141.26 a 100.26 a
2016 CK 1221¢ 8.83b 10.98 ¢ 515b 131.30b 99.19a
NPS 1591b 10.26 ab 13.28 b 5.63 ab 149.38 a 99.79 a
NPP 1353 ¢ 9.22b 12.03¢ 525b 133.62b 99.30a
RFPS 18714 1146 a 1548 a 6.02a 15579 a 10123 a
2017 CK 11.85¢ 8.62b 10.88 ¢ 512b 128.22b 99.51a
NPS 14.75b 9.93 a 13.04b 581a 158.90 a 10521 a
NPP 13.03 be 9.06 b 10.92 ¢ 5.41 ab 136.06 b 102.27 a
RFPS 1643 a 10.53 a 15.15a 6.08 a 164.16 a 105.42 a

& (Note) : [RIFEH 5 AR FHREFRRAEBIFILE P < 0.05 /K 1255 B3 Data followed by different small letters within a column are

significantly different among treatments at P < 0.05 level.

B EE A SRS CK B EZER, H2016 fil
2017 4E 43 54 CK 1IN T 13.8% F124.0%. 5
CK AH I, 3 i R B 0T 7328 J2 1 S A4 0 5 B R e 45
N, ZEFIARIREN R EAKE,

2.3 BERIEX SOC. LOC K CPMI BIE20

R sk SOC Fr ity

K/
w

B AR (3% 6).

I L0, 2015—2017 4F RFPS AbFE K )2
SOC &4 l% CK BEWINT 4.8% . 5.6% Al
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xR 6 TREBEBEHIETLRANKR. FEHEBNRIREEREY
Table 6 Contents of SOC, LOC and CPMI under different mulching modes

AEA LbT AP SOC (g/kg) TEHEAHLER LOC (g/kg) BRI FRAE L CPMI (%)
Year Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
2015 CK 7.32b 485a 133b 0.60 a 114.23 b 81.84a
NPS 7.55 ab 488a 1.43 ab 0.63a 124.66 ab 85.95a
NPP 7240 483a 1.37b 0.62a 118.80 b 84.63 a
RFPS 7.67a 489a 147 a 0.68 a 128.55 a 95.06 a
2016 CK 734D 485a 1.35b 0.61a 11591b 82.92a
NPS 7.67a 492a 1.52a 0.67a 133.26 a 92.16a
NPP 7.18b 481a 1.42b 0.64a 124.45b 88.97a
RFPS 774 a 497a 155a 0.72a 13591 a 99.89a
2017 CK 7.46b 488a 1.40 b 0.64a 120.39 b 89.12a
NPS 7.80a 50l a 1.63a 0.70 a 144.47 a 101.83 a
NPP 7200 481a 1.45b 0.67a 127.06 b 9293 a
RFPS 7.83a 5.02a 1.67a 0.79 a 149.29 a 112.17 a

1 (Note) : [FFEHR G AR FRELRLELRTE P < 0.05 K 2257 3 Data followed by different small letters within a column are

significantly different among treatments at P < 0.05 level.

5.0%; 2015 4F NPS 43R JZE SOC 55 CK 257
AN, {H2016 12017 4E50 5% CK W &N T
4.6% F1 4.5%; i NPP ZbHiE)Z SOC & H#5 CK 2
xS, H—ERE LT soC i, 5
RETHIN, SAEITRE SOC FaB b, 2
ESaP SINA(ITEY/ SN

N7 AR R 2 3 LoC &5 CPMI 4%
FW (3 6), 7£2015—2017 4, RFPS 4b¥i% 2+
HELOC &l CK R E T 10.6% . 14.9%
F119.5%, HHRHL CPMI AL/ B E 3 T 12.5%.
17.3% #124.0%; 2015 4F NPS ZbFRE)Z 11 LOC &
WY CK ZEZERARE, {H2016 F12017 4435
B CK BERNT 12.9% 1 16.8%, N Hi CPMI Ak
PR AN T 15.0% 1 20.0%; NPP AbHIR 2
158 LOC & & CPMI Ab#R Y CK Z A3 T 2% 25
5to IR X R )Z 158 LOC & i & CPMI 50
BN, AR CK ¥4 B, A2 5 ¥Rk H
K,
24 BERIENTIEREMRNE
2.4.1 FEMEEEEYE OB BoR, K EIE (2015—
2017 4), RFPS &b P EEMEEGIE 53 B CK i 3 1
T 19.4% . 24.6% F129.7%; 2015 4E NPP Fl
NPS AbHEMEAE G M S CK Z A E & 25, W
2016 4FE43 14 CK B EIEI T 9.1% Fl 13.5%, 2017

ARy IS CK B EHEINT 13.6% F1 15.9%., A[F7H 5%
Fe I T W3R 2 R RS TR A R o (B 1),
TE 2015—2017 4=, RFPS Ab H A il 5f 1 43 51 458
CK W ZHIN T 33.4% . 37.4% 1 43.5%; 2015 4%
NPS 4bFREERHBHG 15 CK Z e #2225, 132016
F12017 4R 43504 CK i 48 T 16.5% F119.2%;
NPP Zb#FEME RS 5 CK Z R 225 A,

242 WREEEYE  7E 2015~2017 AR5, A E

N
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Invertase activity
) w

—_

Filg 1% P [Glucose mg/(g-24 h)]

0 Ll
2015 2016 2017 2015 2016 2017

F4y Year

1 TREIBEHIE T LIREREEEE 370)
Fig. 1 Soil invertase activity under different
mulching modes (37°C)
[IE (Note) : Jrtk EARIFEEFRIRALIMLE P < 0.05 KF L2 5
I 2 Different letters above the bars are significantly different among
treatments at P < 0.05.]
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2015—2017 4E58)2 £, RFPS Ab B IR EGE 1:43- )
B CK BEHIMT 26.0%. 35.4% Fl42.2%; 2015 4F
NPS b H R i 15 5% CK WL % 22 5%, 1 2016 Al
2017 4E 9% CK BRI T 16.3% 1 19.0%;
NPP A HEHR TG TE S CK Z M R FH 2R, TEZE
+-rf, RFPS b33 IR E TG M5 43 54 CK &3 1
10.6% . 12.1% M1 13.6%, {HAbFE NPP, NPS fl
CK Z[A1 2 5 ARG B i 7K

2.4.3 BERREETETE K3 BN, 7E 20152017 4F,
RFPS Ab 3 22 4 w8 s M 430 3¢ CK e 15 m
T 19.8%. 26.6% Fl135.6%; 2015 4F NPS AbFR#km2
s PE S CK Z R0 22 57, i 2016 F1 2017 4F-43

4 ¢
0—20 cm

20—40cm OCK
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ENPP
HERFPS

Urease activity
) w
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JIR B [NH,-N mg/(g-24 h)]
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2 FREIBHERIETIIRREEEN 37C)
Fig. 2 Soil urease activity under different
mulching modes (37°C)
[7E (Note) : JrE EAFFERIRALBIAILE P < 0.05 /KF 1225+
P 3 Different letters above the bars are significantly different among
treatments at P < 0.05 level.]

4 -
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Phosphatase activity
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T
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3 TEIBEKIET IRBEEGE M 37°C)
Fig. 3 Soil phosphatase activity under different
mulching modes (37°C)
[{# (Note) : JiE A FHRFRRAHLEIZE P<0.05 KF LR
I8 3 Different letters above the bars are significantly different among
treatments at P < 0.05 level.]
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HEHBAE SRS T /KA 2. Chen 550
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AR 2477 B K ) FH 3800 1) 5 8 VAR 3 2 s
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JEAE 55 HA B Bk R R (GR 2) . #7240 Wl i
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YEI 35 57 WO e VR A 7 I BRI 2R
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XTRREP AW, OB RIS AR X AR (3R 3).
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32 TEFS

FIEFEA VO AR R B AR AR —,
A S B R B AR IIR L e
055 AR rE e E RE7, Zhang SEUNE AT 3 AFE K H I
B R P, FEAF I H A R R AR S0 1 o i) R
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FERI, WAL RIRA /N BV AR T AL
A, XEMREEE SAREZE R 3 (% 5).
AW IR LB, EREIE (2015—2017 4F), FiE
FREFAERR A, RFPS AbHEIH it m T RZ + 4
FE5r M 0—40 cm +JZHAFE > F i, NPS A FRE S
T 0—40 cm +ZHEFE N F ., ATERIRHE ST
J5%, T NPP ZLFE 0—40 cm 27243284k A /N B
MTREL A, XEZRHTRHER T
R IERRAO M T (R IR M . A S FLBE
Ay, WK R, R R . AT RS
fife, BEOR T HUSCFR S RS R 2 R S
SROCAPY (IR RERH . WYEWE) TR, B
TARSRRER, (A AT LY B AR X T RS AR
i | A RIS R A5 ) | ] N e S a2
PLARFRAKEY; 22907 T3 TR A, IWNRSFE
mdem TIROKE, R T RS U SRR,
PR T XMEEEY B i S Ak, BN TR SR A
ik, NIRRT A B A i
3.3 SOC. LOC 1 CPMI
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