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Effects of Soil-plastic Mulching on Water Consumption Characteristics and
Grain Yield of Spring Wheat in Semiarid Region
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Abstract: The spring wheat (Triticum aestivum longchun 27) selected as test material, a field experiment,
which involved in three treatments were; (1) Whole field soil plastic mulching and irrigation (FMSI), (2)
Whole field soil plastic mulching (FMS), and 3) Uncovered and bunch seeded (CK), had been conducted
from 2012 to 2014 at Gansu Dingxi on northwest Loess Plateau (104°36" E, 35°35" N). The seasonal soil wa-
ter content, biomass, yield and its components of spring wheat had been recorded, and the periodical water
consumption, water consumption modulus coefficient, water consumption intensity, water use efficiency had
been calculated, to reveal the water consumption characteristics of the whole field soil plastic mulching and
bunch seeded spring wheat, and its effect on yield formation and water utilization. The average water
consumption from sowing to jointing, jointing to heading, heading to filling, and filling to maturity of MSI in
2013 and 2014 were 159. 5, 115. 0, 47. 7, 117. 7 mm, the water consumption modulus coefficient were
39.7%.21.5%,13.8% and 25.0%, respectively, and there were no significant difference between 2013 and
2014. TIt’s indicated that the results could be served as the spring wheat water requirement pattern under

whole field soil plastic mulching condition. The soil water storage in 0—300 cm soil profile of FMS was higher
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than CK in sowing, jointing and filling of spring wheat. From sowing to jointing, the water consumption
intensity of FMS increased by 20. 0%, 5. 8%, but from filling to maturity, it decreased by 26. 4%, 14.1% in
2013 and 2014 respectively, as compared with CK. The biomass of FMS was significantly higher than CK
from 2012 to 2014. Especially, it increased by 95.7% ., 42.8% and 108. 7% than CK in maturity. The plant
height, spike length, plant weight, spike weight, spike lets numbers, spike grain number, 1000-grain
weight of FMS were significantly higher than CK, resulted in the increment of grain yield for 35.4%, 58.9 %
and 61. 9%, and increment of water use efficiency for 44. 6%, 54. 6% and 69. 0% while without significantly
increment of evapotranspiration from 2012 to 2014. Consequently, the FMS regulated the water consumption
process in different precipitation year, improved the water consumption modulus coefficient and water
consumption intensity in productive growth stage of spring wheat, this benefited to source development and
resulted in increasing yield and WUE while decreasing evapotranspiration in filling.

Keywords: rain-fed region; whole field soil plastic mulching; spring wheat; water consumption characteris-

tics; yield; water use efficiency
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GO - B B AE 7K it/ mm AR R B % FEKBRSE/(mm -+ d )
(4F) B BE FMSI FMS CK FMSI FMS CK FMSI FMS CK
FHRh—K 157.1a 119.7c¢ 141.7 b 43.9 b 42.6 b 47.2 a 4.4 a 3.3 ¢ 3.9b
AT — Ak 42.7a  40.7a 37.7a 16.3a 14.5b 12.6 ¢ l.4a l.4a 1.3a
2otz fih e 100. 3 a 82.0b 78.1b 33.1a 29.2 b 26.0 ¢ 5.0 a 4.1b 3.9b
TE 07— 57.8 a 38.9b 42.9 b 20.7 a 13.8 b 14.3 b 1.4 a 0.9b 1.0 b
Befp—4kT  152.1a 119.8b  99.8 ¢ 34.2b  37.7a 32.2b 4.1a 3.2b 2.7 ¢
WA — R 122.0 a 78.6 b 66.7 ¢ 27.5 a 24.7 a 21.5 b 4.5 a 2.9b 2.5¢
2018 il Fel— 7 S 49.3a  45.5b  42.8b 11.1b  14.3a 13.8a 2.1b 1.9a 1.8a
TE A% — 3 120.6 a 74.0 ¢ 100.5 b 27.2 b 23.3 ¢ 32.4 a 2.7 a 1.7 ¢ 2.3b
Bfh—4KT 166.9a 121.3b 114.7 b 38.3b 41.8a  37.9b 4.0 a 2.9b 2.7b
WA 108.0a  52.9b  55.6b 24.8a 18.2b  18.4 b 4.3 a 2.1b 2.2 b
2014 . ;
T 46.0a 38.5b 42.2Db 10.6a 13.3a 13.9a 1.9 a 1.6 b 1.8 ab
IR —pE 114.9a  77.6b  90.3b 26.4b  26.7b 29.8a 2.9 a 1.9b 2.3b

TE ¢ [ — 47 7] — 48 b5 A [7] 5 8 3878 A [R] Ak B0 28 S i 35 (P<<0. 05) . Rl

2.3 BEMEBRXNHENZ EEYENFM
HEMANERR Y B M AN b A (E
3). 3AFRER I fE] LA FMSI 9 4 A= ¥ s L BR 2013
AR S FMS T 3 22 540 A i 4 5 FMS #
CK jA3 i 325 5 (P<<0.05), FMS fHh A=Yy i i 3%
BT CK(P<C0. 05), B2 78 2012 4F, 2013 4F Fil 2014
ARy HBEAN T 95. 7% ,42. 8% F1 108. 7%,
2.4 BEMEBRXNENEZEFSHMREFHZM

T 5 FUCRMEE X 3 /N 22 7 e A o TR A )
(% 3), 5 CK M Lt.FMSI f1 FMS #)#k 5 8 & 1
.2 FMSI fil FMS 2 ] ¢ i % 2% 5 ; FMSI fil FMS
(fE K D28 T CK, i B EMSI 78 2012 4F fll 2013
AE IR 2 = T FMS; FMST i 5k 5 AT A 8 5 - FMS
W2, CK i ik, Ak # a] 3k 3] g 3% 25 5% (P <<0. 05);
FMSI #l FMS f/MN#E % & F CK(P<0. 05) . {H
7F 2013 4F fl 2014 4F FMSI fl EMS T i % 2% &
FMSI #il FMS 1 f# R %% 2 % = T CK(P<<0.05),
2012 4E 1 2013 4 FMSI 8 % 75 F FMS(P<C0. 05),

2014 40 B 2% 5 s FMSI fl FMS 1y TR 8 E 2% 5
H¥ B2 T CK(P<0.05), 5 CK #ft, FMSI
b 3AE G B 1A] 60 Ak B 15, 8% ~39%, B K
BN 24, 2% ~5. 3% EARREHE N 53. 1% ~141. 6%,
FEFEEIGAN 57. 0% ~150. 0% , /NFE K84 fn 26, 1% ~
55. 8% s MURLECIE AN 36. 9% ~102. 9%, T ki F 14
10.8% ~18.9%.
2.5 BEMEBRXNENERKE. 2. KA
R F0WUIR 15 BB R

FMSI = i fiz i » FMS IR 2, CK A%, b 34 1] 25 57
B3 (P<C0. 05), FMSI # FMS 7£ 2012 4F, 2013 4F il
2014 4F 43 48 7= 17, 8%, 29. 5% F1 15. 2% . FMS %5
CK 43 38 7= 35. 4%,58. 9% H1 61. 9% (F 4), FMSI
HIFE/K i 835 55 T FMS Fil CK(P<C0. 05),/H FMS
I CKZ ] 6 B 3 25 5. 2012 4F, 2013 4F 1 2014 4%
FMSI 1) #& /K & 8 FMS 34 fin 17 76. 6, 126. 0, 145. 6
mm, FMS ) WUE 5 & . 78 2012 4F, 2013 4E fil 2014
AR FMSI 4945 T 30.3%,16. 1% #1 30. 0% , IFAE
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2012 4FH1 2014 4F R3] 8 3 22 7 (P<0. 05), % CK $2
BT 44.6%,54. 6 % 1 69. 0% , 4 IAF L3 % 7 (P<
0.05), FMSI f¢) WUE £ 2012 4F, 2013 4 Fi1 2014 4F

®3 BEMWMEMENEFEMREFHEZMN

Y & T CK, 0 3w 7 11, 8%, 33. 3% Al
29.6% . 3 AALFRUCARFE B L) FMS . CK Ik Z .,
FMSI f A%, {H Ab FE [R] 3400 i 3% 2 5

FHCE) R BkA/em  BK/em  BfkGi/e WG/ VBHCH BREECD  ThE/e
FMSI 97.6 a 10.6 a 1.7a 2.9a 17.4a 19.2 a 12.9 a
2012 FMS 94.9 a 9.6 b 3.8 b 2.3 b 15.5 b 41.3 b 40.4 a
CK 76.6 b 7.7 ¢ 2.2 ¢ 1.3 ¢ 1.4 c 27.5 ¢ 36.1b
FMSI 86.4 a 9.4 a 3.7a 2.4a 15.1 a 41.7 a 12.2 a
2013 FMS 80.7 a 8.9b 3.5 b 2.0 b 14.9 a 36.8 b 41.3 a
CK 74.6 b 7.6 ¢ 2.4 ¢ 1.5 ¢ 12.0 b 30.4 ¢ 38.1b
FMSI 83.4 a 9.4 a 3.9a 2.5a 18.3 a 41.7 a 43.1a
2014 FMS 78.1a 9.2 a 3.4 b 2.3 b 17.0 a 38.3 a 12.6 a
CK 60.0 b 6.5 b 1.6 c 1.0 c 11.7 b 20.6 b 37.4 b
i 20124F 3 ijk i/l:f
wff SR BRI R T B R NE A E
R 301 1 - K % P AR 3R /N 52 0 A BT gm]
;Ez . RE 23 X 4 /NZE 10 B B FE /K B FVRE KRR R B0 2B 5 i
s+ L AR 45 R R B+ 7R R (FMSD 3
AT 1 By BOAE 7K 35 AR A — 4R 1 e e o IR — RBVR
0 ' 2 PR E A FE KA R B B BERE K R B
51 2013 MR A LR, (A5 CK A, FMSI 848 7 A
w4 T A B AR KSR B L LAY AR L R R
= s L R AR HE AR B A CKOM D% Fp— 4597 B v 3
s WAL R ERRAE . BUR CK Rk R
20 FFE KB B0 7 55 FMISTAR 0L, B9 46—
L PR RS — U R AH A S R ] CK
0 ' 3 P A I 3 1 7R R B AR S EREK i L REK
5 - B R B0EL 2 FE K B B (1S o 1 FMIST #E 0 K 43
a L 20144 LTS . ALK b, 2012 48 FMSI 1 20—
\g 120 em 45 + 2 9 3K & T 30 mm, {H 140—
s 300 cm 4 2 )+ HEIPK BHE T 30 mm, {1 [A]
;E 2r FeK B0 7500 R RE I R & /N2 A K I, AT RE D
=L BRI R A BT L 2012 4 FMST % B B 0 46
. , KRBT A REH T i 2 R R RN
SE O HE FI MA K, 2013 F1 2014 4 FMSI A4b 3 11 & /N £ 4%
B3 BEMEBRIEFNEZM EFURBENEZ MW A B 40— 300 em (9% 2 1 HEIP /K 7 ] 35K 5
F4 BEMEBRNENEFTE FAKEMKSFHARENZN (9 75 %L I+ HEK AN SR A RS 6 IR 25 /N A K i
B R PR KRR B g g 1y o1 4 FMST ARSI f A 7T B 4E
(4F) - 3;11; : (kgg;;)r.nz ~a> (kg * hrzl ;mm ) jafﬂza ;{%iajjiEgﬁ&%;i%;ﬂ@j:ﬁ;ig%%f;é
N — N — S PR T 1
2012 FMS 281.3b  2775.7 b 9.9a 0.54a ﬂﬁ—ﬁi?ﬂﬁgﬁﬁmij{;ﬁm;lw . 0’47@7’117%
CK  300.3b  2049.6 c 6.8b 0.4a IS : : : :
FMSI 444.0a  2878.6 6.5a 0.4a mm, G 2R TR K 439. 9 mm,
2013 FMS 318.0b  2223.0 b 7.0a 0.5 Mo JET o AR T T AR R AR AR K R
CK  309.7bh  1398.8 ¢ 4.5b 0.54a BT K R T Y B R R K £
FMSI 435.7a  3025.7 a 6.9b 0.5a AN R B A R AR IR A SRR L A
2014 FMS 290.1b  2627.1b 9.1a 0.5a MK Z 1) 2013 4F , e 4 7CHk (FMS) 7E#& Fp—
CK  302.8b  1622.6c 5.4¢ 0.54a

P 3 B R K A CK B4 T 20. 0 mm . (B 7E [& 7K
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B 2012 AEM RIE T 12.0 mm, kB B E X F
IR 5 HH L 1 FE KBS 2R B0 oy S 4 T 160 9 06 Rl T RE
T 9.8% . BAEAF I FMS F1 CK BT I #67K 43 Y
HEAARTAE B & EEN TIEYMZER, 53 F %
s R AR K . FEAK R AR 22 [ K AR R 11 B Y
M, 32 7K 4F 0y FMS B FE K 5k B 76 8 Fh— 311 L 3K
WA A T CKL R A BT
CK s {HFE 7K AF 3 8 3 — U2 I #E 7K 5 B2 7E 2 A4S 4b
PR TC W 3 22 . B a AU R /N2 B BOFE K B2 L FE
TKARE R BCRRE 7K 5 B A S s ) L T ELR Y TR N
MFER TR . #E FKAE, FMS By B A /K & DL 3 Fh—
AT B R R L R R % 2 CK
TEVEIE — B R AP — 3R B R R IR X
FEIE M T ERA— R R AW E CK Y78
RRBEINT MK THREK R, FE 2012 4F AT 2013 4R,
FMS #1 CK 76 A [A] 4= & B B 0y #& 7K &t 48 4k ¢ & A
L AR FERE P41 IR — AT CK Y FE K i 382
FMS A 85 WYt i 38 ka3 . 3 W15 oo B 1 A 3% 45
it T AR B 25 0 25 R OQ AR BT S I X VR W) AR
K R R 4

b RSB 5 5 A AR T A K ik 10 A5 B W]
MRl AR TAE AR K R F L B LA FMS 1) #k
m R E T CK, 7R3 hh B il AR 0 1)
FMSI iy + 3K & i 3 & T FMS il CK, i HFE K
R E RN, BT L FMST A B RN B Rk B AR 7 398
FMS i H K A4 1 — A b Bl K s T
CK, BRFE/K BT 1 25 3 e o (H b BB 25 Ak 3 FE K
7K 53 E 2 TR Y 728 W5, 0 &% b D) 4 T 2% R B
JrLL FMS iR R B bk 8 8 3 T CK., FMST 1
PR SR A AR K E B E & T FMS
AT CK, fir DL/ F 8, fohr B50OR T %7 & 5 FMS M
CK;FMS Wy /NEEEC BER B TR ES W E & T
CK,{H FMS 75 fli B — 0 L J— U FE K B R
TG 4 I, T ELAE 2013 4F (9 8 3¢ — 1 s ) i 3
fliF CKL. R CK EX —~E B B A B £ LK 5
7% K . 2012 4FEFN 2013 4 FMSI (1 T ki 8 fil FMS
G % 25,2013 4 FMSI #l FMS /N B 3%
25 R LR A F B FMST A 7ETU R FEIK X
AFTF WUE W m. B, B4 FMS f1 CK i B
BORE K B FE KA R ORI FE /K R 8 22 8] 1 A8 Ak 56 R A
% e R T N I (S i i = (A e T3
R SBUE T A EFE K 1Y 25 I 25 OC &R L T R e A /)
2 W FE K L A8 FNARE K R b (58 20K 4y F FAED
P2 T L FMS (1 4 b A i 7 i S HoA R -
Ko R AR B2 5 F CK,

4 5w

PEIL s+ Rl T R X 2 E g E AN 2
HHRFE KN 439, 9 mm, 7E3E R AT LTI
T AR — VR RIS — DI R R K A 43 1 159, 5,
115.0,47. 7,117. 7 mm, 7£ FIK4FE 4y, FMS 1] #2 &
/NZEHE B R FE K B FE KB R BORN R K 5 L (H
i Z AEVE IR R B 5 S KAE A, FMS RRAK T #EFh—3K
AR K B FE K BR B FFE KB R A, HAR FMS
A CK FE GR350 K — iU i FE K &2 FE K
LR BRIRE 7K 8 B2 1) A8 Ak O 3R 32 [ 7K AT Y (1) B 35 5%
w5 i F FMS JHFEK o EZH FAEW M . m CK
W FET Wz & B A FMS (9 # F2E ) 0%
T CK, B 78 #6 /K & 76 W 3 8 19 1% &0 T 78 2012
47,2013 4F A 2014 4F 7= 4 43 Sl 4 85 T 35. 420,58, 9 %0 I
61. 9% . K AT FI IR 645 5 44. 6%, 54. 6 % 1 69. 0%,
FMSI 75 B i £ &5 5 /N2 77 a5k 1) () st 386 i 0 4 6
K B K A3 R RCRAR T FMS, o H2 P 7K 4R 5 )
EES.
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