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Abstract: This study determined the effects of mulching method on soil temperatures in the 0—20 c¢m soil layer, and grain
yield of spring wheat ( Triticum aestivum 1..) in a semiarid rainfed agricultural area of northwestern China. The experiment
was conducted at Tongwei Research Station, Gansu Agricultural University (34°55'N, 104°57'E) in 2012., The following

7 treatments were evaluated; plastic film mulch applied in summer (T,), plastic film mulch applied in autumn (T,),
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plastic film mulch applied in spring (T, ), mulching with chopped wheat straw (5-cm in length) on the soil surface in
summer (T,), mulching with whole wheat straw in summer (T5), T,in combination with harvested wheat straw returned to
the field (T,), and control ( no mulching, CK). Soil temperatures were measured and recorded at 32 points in each
treatment. Soil temperatures differed significantly among mulching treatments, growth stages and soil layers. The largest
difference in soil temperature occurred from the sowing to tillering period, followed by the dough stage to maturation period,
whereas the smallest differences in soil temperature were in the jointing—middle filling stage. Soil temperature decreased
with soil depth in the order 5 em > 10 ecm >15 em >20 cm. Soil temperature in the T, plots was significantly (0.57 °C)
higher than, and this effect was more pronounced in the sowing, tillering, and maturing stages than in the other growth
stages. The other five treatments either increased or decreased soil temperatures depending on growth stage and soil layer.
Soil temperature was consistently increased by plastic film mulch but consistently decreased by straw mulching. The T,
treatment had 9 points with soil temperatures higher than the CK, and 23 points lower than the CK. Mean soil temperature
over the whole growth period was 0.63°C lower in the T4 treatment than in the CK, with the difference being more obvious
at the time of sowing and the tillering stage. Average soil temperatures over the whole growth period were in the order:
plastic film mulch > CK > straw mulching. The highest difference occurred between Tiand T, in the 5—cm soil layer at the
tillering stage, with T, being 4.23 °C higher than T,. The largest variation soil temperature among growth stages was found in
the T, treatment, with a coefficient of variation of 32.4%. Mulching increased the number of kernels per spike by 17.4% to
36.3% compared with the CK. Mulching increased wheat grain yield by 21.7% to 37.3% compared to the CK, with the
maximum yield increase being with plastic film mulch applied in the autumn (T,). The exception was the T, treatment
which decreased grain yield by 14.1% compared to the CK. It appears that theT,mulching method is the most suitable for
spring wheat production in rainfed agricultural regions of northwestern China. There were highly positive correlations (r =
0.77—0.92"" ) between soil temperature and plant height at jointing —flowering, but mulching method did not have a

significant impact on spring wheat grain yield in the study area.
Key Words: Rainfed area; Spring wheat; Plastic mulch; Straw mulching; Soil temperature; Northwestern China.
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Fig.1 The temporal and spatial differences of soil temperature on different growth stages and soil layers treatments ( °C)
T, : EZH I Mulching plastic film applied in the summer; T, : Bk ZE7 X Mulching plastic film applied in the autumn; T, ; %257 3% Mulching plastic
film applied in the spring; T, ; /NZZ W F778 i Mulching 5 em length wheat straw in summer; Ty ; /N3 2 7 7 3 Mulching whole wheat straw in
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Fig.4 Average diurnal changes of soil temperature( °C) in various soil layers across the whole growth period
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R1 FERIERZER

Table 1 Grain yield and main agronomic traits

AbBg GY/ SPUA/

Treatment  (kg/hm?) YIR/ % (x10* + hm"?) GPS  TKW/g PH/ecm DMW/g HI/% MT/C AMCS/%MMCS/%  WC/mm
T, 3317.7b 30.0 241.0bc 33.9a  46.7a 100.3a 54.8a  41.1d 19.4¢c  15.7ab  13.8b 416.7e
T, 3503.7a 37.3 284.8a 30.4¢ 46.5a 95.8b  47.3b  43.2bec  19.5¢  15.0b 13.4bc 481.6a
T, 3161.9¢d 23.9 261.5ab 31.3¢ 44.4a 102.3a 27.1d  42.0ed 19.7b  15.0b 13.0cd 432.8¢
T, 3105.7d 21.7 235.0be 323b  47.0a 77.9d  23.4e  41.7d 18.9¢  15.7ab  13.5bc 428.4d
Ts 2192.3f -14.1 180.5d 32.0bc 43.6a 95.6b  28.3d  44.9a 19.3cd  15.8a 14.1b 4431b
Te 3284.3bc 28.7 228.3¢ 353a  46.9a 96.1b  39.7¢ 38.2e 20.1a  16.5a 14.8a 435.9¢
CK 2551.7e 246.1bc 259d  46.1a 88.1c  24.6e  43.9ab 19.5¢ 14.5¢ 13.5be 418.6e

CV (%) 15.6 13.4 9.5 2.9 8.8 35.3 5.2 1.8 4.3 4.2 5.0

GY KPR Grain yield per unit area; YIR ; 377 3 Yield increasing rate; SPUA ; B3 ] FLA#E %L Spikes per unit area; GPS; BRI Grains per
spike; TKW : T-KL # Thousand kernels weight; WUE : 7K 43 F| (%€ water use efficiency; PH: # & Plant height; DMW : J¥ f£ 1 54k T- 5 Dry matter
weight per plant at anthesis; MT ; 2/ B ] 0—20cm 18713 Mean temperature in 0—20cm soil across whole period ; AMCS : 44 5 #] 0—20cm +-
-85 7K Average moisture content in 0—20cm soil across whole period ; MMCS ; 44 B 1] 0—200cm 45445 7K & Mean moisture content in 0—
200cm soil across whole period ; WC ; #67K & Water consumption; CV ;255 R %L Coefficient of variation; [RFIAN /NG FHEFRIR 257 B3 (P<0.05)

24 THERE 57 E R 25RO

PATIA—IFAE SRR /N AR GA 3 = 2 1 SRR T R A DR 184 i 3 5 K i BB R A K o B, I
PR R R IR A RIR B TSR AT S A FE bR . A OGO IR (3R 2) Mk SRR (0.817) kT —
FFACIAY IR (0.777 ) A FE—TIT AL B B AR (0.797 ) 3k T —Z2 B AR (0.9277 ) 4R W —JF 46 3 B
(0.91 7 ) IRF I B0 35 IEARDG . Bk A= Wit 5 2 B 4R A 0 38 TE AR DG (0.84 7 ) |, R W]+ B FiF

®2 TERESRZIEREX

Table 2 Correlations between soil temperature and agronomic traits

iﬁiﬁ fiﬁ dex GY SPUA GPS TKW WUE PH DMW AWCS
T HI (MT) 0.24 0.07 0.39 -0.29 0.15 0.55 -0.04 0.31
ZPREMIR (MB) 0.46 0.33 0.28 0.06 0.50 0.81" 0.84" -0.01
FEAEHI IR (MF) 0.17 0.31 -0.15 0.12 -0.03 0.15 -0.01 -0.04
HESE YR (MMF) -0.08 -0.07 0.08 -0.30 -0.02 0.53 -0.16 0.11
P —TF A 935 (MTF ) 0.47 0.41 0.22 0.01 0.34 0.77" 0.48 0.08
LA H R (MWP) 0.26 0.17 0.22 0.01 0.21 0.64 0.28 0.20
PAT—ZEFINBUR (AIB) 0.52 0.29 0.47 -0.08 0.51 0.92"" 0.67 0.18
2P E—IF AL AR (ABF) 0.54 0.50 0.18 0.10 0.40 0.79" 0.69 -0.01
PWAT—IFAEIBUR (AIF) 0.55 0.40 0.36 -0.01 0.48 091" 0.71 0.10

AT (M]) ¢ Soil mean temperature in the jointing stage; ZZFEMI¥I (MB) : Soil mean temperature in the booting stage; FF /LW (MF) .
Soil mean temperature in the flowering stage ; 3% F1 4] ¥43E ( MMF) ;Soil mean temperature in the middle filling stage; 3& 37— AEWI I (MTF) ; Soil
mean temperature in the booting— flowering stage; 2=2E F A7 (MWP) : Soil mean temperature across the whole growth period; & T7—Z2 B BLIR
(AJB) :Soil accmulated temperature in the jointing— booting stage; Z#fH—JF LB (ABF) ;. Cumulated soil temperature in the booting— flowering
stage; K3 —ITFAEHATIR (AJF) ; Soil acemulated temperature in the jointing— flowering stage; * 7E 0.05 /K | 5 FHH X, ** 7E 0.01 /K F | B3
LIPS
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) R AR B R A B SR A KB A RN, AR 2 WL, 38R B R AR 7 i B™ i — P R AN B3 (-0.07—
0.55) o #5 BRI 42 T J9 135 it R 0 18 5 /K 2 A B AH DGR 1 25 (-0.06—0.57) (Keh% ) .

TCIE 0—20 em HF)Z I0HE 0—200 em HHOK 24 F B EK G, 72 i i s AL BN — 2 15 7K B i
E O 1), MR (M) 755 0—20 cm ,0—200 cm 44 T WIEH & /K B B A OG  (HiX
HABRE 15 LKA KRR, 775 I I 2R O Y i I8 3= 22 2 il 7 55 25 1 N RE K 25 1Y
AR RS, AR FERE K AR A MR 26 1 RIS B) 328 & 5 3 24 o 22 I FE K 309%—40% ", 78 55 B R T A R) £
K4y 78 K, ToBERAT BRI AN, JU R 4 b A T L-F-FELR T T A AR ] 428 & . ISR 1 T UL A HilFE
KRS O 35 CK AT, R 34948 CK AN Z 5.5% , 1 7 78 4448 CK 3k 30.0% , F I mT L, 78 2538
PR RN R ELR R  T 2RI 28 R LU AR RE K S TR AR RS M A 7 TR 5 T K A2 PR AR
i

3 e

AWFTERY], F/NE 0—20 em )24 4E T WV 20 BB TRIFFEL GG, X S A0 AZEL/NES £
K HAS LA R 8, B R RS IRORRS PR R R ) AR Y o A O
S Rt R AR R P L AR, ik b S R A /N Y R T RAE Y AR BRI SR 2R L. R A
W 5E R I, A/ N A R AT i e T T i A 6 300 1 - M0 T B e gl SR 20 T X 207 A /N A2 Tt 7 1L BEE 000
WF5E EARH T AR ZEE X AT RE5 46 AR/ N2 B AR (R0 AN ] 0 i S S50 w0 it % 3 AR B AL AR O 52 i A
HEEPSN

BRI AL (T ) HA S 2 i34 800, 7R R RE = B IR 00 T, i B e 35 v T
T, , RUIFEFE XTI A BGREGE M, FEAT A LSS 78 LI W0 R A ) [T o 2 e Bl A o
I CO, B, [ 7EBLR S AF T 2 IARAS AT 23 | BHLLE B AT CO, AR , I AT BB T il i ) 2L

TR E SR AR TR IR )7 8 Z [ A PR S R AR T A2 %, SR R X 7 8 Ay 2 i [ A
BB S BRI 5, AWFTE R, /N WRAT B 2 B o B AR e U 0 S el A0, T 8 52 MR e iR i
FURZNR B BB R AR AR AR Rk AT AR T o ) e, (EHG ™ B S 35 i T CK(14.1% ) FI/NAZ SR AT
A (41.7%) o ™ d i A RK 3 B G AS BAT fie ) 0 1) 8 TR 200 A e s A 8 SR AR i, /N ERAT R
o 7 e A T A B S DR A T AR AN A R 9 D AN SR A D TR R R AR, SRR A
AT RES AT MR BT 5%, T R S AR R RIIN ZR A e, nl WLAE — € TR SV I A, 4 5 5 DS - R 1
(AL B0 P AL 5 M A /N P i AN A B R, AR SCER SR AR LTRT AR SC A A B, 4% BT A A 7 30
B B 5 e P N R IO ARG (E R AR S A AN BE R 8 SR S e ) B AR R R
R R BN E R A A B A

S R K Ak KRS RN BEAT 9, DR o S N K S Z (B AF AR R 1Y
FAERLE o AEA SO 2% YT 1 A4 38 il B2 MK o0 R S R B, — 8 R ARG, X S B AR B K,
BB T RHOK MR, FBUEEE 0—20 em B LK 22 AR 0 dR 25 30 L S TR BE FIOK 7 A B3
FHRAITEIL
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