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Effects of plastic film mulching with double ridges and furrow planting on soil moisture and
temperature and soybean yield on a semiarid dryland of Gansu Province, Northwest China.
YANG Feng-ke'?, WANG Li-ming’?, ZHANG Guo-hong*? ('Gansu Academy of Agricultural Sci-
ences, Lanzhou 730070, China; *Institute of Dryland Agriculture, Gansu Academy of Agricultural Sci-
ences, Lanzhou 730070, China; *Key Laboratory of Northwest Drought-resistant Crop Farming , Minis-
iry of Agriculture, Lanzhou 730070, China). -Chin. J. Appl. Ecol. ,2013,24(11) ; 3145-3152.

Abstract ; Taking soybean cultivar Jindou 23 as test object, a field experiment was conducted at the
Zhenyuan experimental station of Gansu Academy of Agricultural Sciences to study the effects of va-
rious plastic mulching treatments on the soil moisture and temperature and soybean grain yield on a
semiarid dryland of Northwest China. Four treatments were installed, i. e. , plastic film mulching
with double ridges and furrow planting ( FMRFC) , plastic film mulching without ridges and with
furrow planting (FMFC) , plastic film mulching with strip planting (FMSC), and no mulch strip
planting (NMSC, CK). During the drought year (the precipitation in soybean growth period was
246.3 mm) and wet year (407 mm) , the daily soil temperature in 0-20 cm layer in all mulching
treatments varied in “S” shape, and its fluctuation became smaller with soybean growth. The mulc-
hing treatments raised the daily average soil temperature in 0-20 cm layer by an average of 0.5-
2.5 °C from the seedling ( VE-V3) to seed filling (R6) stage, with the average soil temperature in
whole growth period raised by 1.3-1.6 °C. Both in dry year and in wet year, mulching treatments
promoted the soil moisture consumption in 0-120 em layer by soybean, but increased the average
soil moisture content and water storage in 0—200 c¢m layer by 1.2% —1.4% and 62.7-70.3 mm,
respectively. As compared to CK, treatments FMRFC and FMFC had significant effects in impro-
ving the soil temperature and moisture environment in dry year, and greatly improved the yield-
related traits such as plant height, branching number, pods per plant, and 100-seed mass. FMRFC
increased the yield by 27.7% —-51. 1% and raised the water use efficiency ( WUE) by 47. 7% -
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56.3% , whereas FMFC increased the yield by 10.2% -25.2% and raised the WUE by 33.3% —

35.4% ,

as compared to CK. It was suggested that FMRFC and FMFC could be the most efficient

planting systems for the soybean production in the dryland farming of Northwest China.

Key words: soil moisture and temperature effect; plastic film mulching with double ridges and fur-

row planting; yield; dryland farming; soybean.

K5 (Glycine max ) R HLFHFR 45 & F & mdfess
PEVEY  TE4E 2005 5 X R b 4 7 ) P28 B vl 45 2
KIEPEAGEZEMIEM" . KOHE MMRERKLIE,
A KT KRR, SRR A BOK U e d R IX
A B Be B o B 2 L 8 R AT
ERU PR ANAR L R a6 ph O S Y Y
TRIEIRAE )2 TR R O g
JREPD RGBT BB AR RS T
PRARAYRCR. (HA: 7 o b A 55 0 R o
B (S TR g ) ST 3 o A 25 TR T AR B
T R ATEE DUEERT UK MRS T T
YNGR/ ARSI (E D0 3/ NI /1SS S S 58
(AT FE B AN 2 | J0 2 ) b 7 55 K W 1 3K
TR 7 R B A il AR SCHE TR A5 T
DA A RSB AL R A Oy 32 B s A s O L R T
I K I R O, LA B b R 5 AR
TR HTIEDT G HLBE, S B R e 7 R 2
BEH AR B FOR S

1 HRSH®

1.1 5k ST

RIS T 2009—2010 4F7E H & 4 Mk Bl 2 e
J B AR B 25 (35°307 N, 107°29" E) i1 H 37E47.
R A By 4 HEAE & FILR S R
10,0g - kg' . &% 0.75 g - kg Bl fi# A 60
mg - kg™ A WE 8. 5 mg - kg B R AR 240
mg - kg™',pH i 8. 4. 2009 4F K & A FH IR K &
246.3 mm, B W AR 112. 5 mm, J& T 2 4E 0
2010 4K E A FHIFEK S 407 mm, J& F KA. B
FEX K EEAERE7T—9 A, S REAETFMFKR
80% L) I-.

RIS 23 5 Rl R IR = 94
A BRZN 5] 4 72 1 0. 008 mm 58 2 4 Wi 8 4 J1]
Ji LA ZE AR ( FMRFC ) 48 Y4 4% (FMEFC) |
B3 (FMSC ) 12 b 2% 4% (NMSC, CK ) 4 ™Ak
A5 Ab B ELRF it . 1) 4 BSUZBRhAY . BB 0%
HK/NALZE, /NEGE 40 em, 2215 15 em, KZE 5
60 cm 2B 10 em, JHSE 120 em A8 7R 44 1 78 55

FER/INZE R H2 A0 TV 1 10 4% Tl 1 O B s 2 ) B 1
& BB R TR 0 T8, S 15 em 98 20 cm | JA]
#E30 em, RH 120 em HbEE4 b 3 25 10 N 3450 A5
FEAIAE ;3) BEREAAHE . B IEHTH 120 em T0B V78
SR 4) B8 M S HE - SR ATRE R b SR R . BT A
AL HSEAAATIE 50 em  BREE 12 ~ 14 em, B7E 1 ~2
B REFEREE 3 ~4 om, B 18 J77C « hm 22T, I
H22.5 HE - hm™ 4.

TR Hh TV BE T, 45 A BT RK AR YGRS B
B, — Mt A B R 8% 150 kg - hm™ JRE
120 kg - hm > fEAE. SR FHBEHLIX 4LHES) 3 kE A,
/NXTEFL 6 mx4.5 m=27 m>. 2009 45 H 10 H i
JE#EF,9 A 28 HATEIK;2010 455 H 5 H#ER,
9 H 26 HIIE.

1.2 WEmHS %k

1.2.1 BIESKEINE 2% Fehr %1 (5%
FRERGATHRR, 735 THEHT M (VE ~ V3) |
BB (VA ~ Vi) JFEII(R2) (SR (R6 ) AL
PI(R) AR A HETEDE 0 ~200 em
FIE AR, E KA 20 em, [RIAT R FHER J1 30
EHAE. SRR AXN, RS K
= (AR - T ) /T x
100% .

1.2.2 HEEOKEMIFE g KEA,

S, =dxrxw/10
K. S, hHEEN K (mm) ;d HEREE (em) 57
FAIEHEE (g - om™) yw A HIESKE(%).

L2 3 RHFEKENITE SHEEFTED W
2, ALK o P4 5 B X355 ET = P-AW. 5K
WL ET NTEYIRE K 5 P oMK & AW I BER S
BB ) 3K 22 25 (A0 mm) . FE KGR
JE(mm - d7") = FAFH B E HFEKE (mm) /4
BIBRE(d).

1. 2. 4 fEMDK R RSCRIGITT S 2% FamsE
TR it X . WUE = Y/ET. Kb .Y AfE
PR (kg + hm™) ET HAVEWREK & (mm) .
1.2.5 iEME MR E 2% Cook 257" BT L,
FRERER W (VE ~ V3) 4 (V4 ~ Vo) JF
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A (R2) Bk 01 (R6 ) A1 A (R8) , MBI T
ME 0 ~40 em +JZHIE , ME KN 10 em, B/MX
ME 1AM, 4K 24 h AR 2 ho 52 1 K.
1.2.6 ENEM I mT B R/ NX U 10
L RUIIDAER 7 = i S & Y N S U QL R /3128 G 2% TR
JOE R A A/ NXRTT .
1.3 Bt

% H Microsoft Excel 2010 %44 % B04g 1247 40 B
L& R SPSS 18 Geit 3 M Ak A7 AN R B
75 2URY 28 5 PG (LSD 5 ,a=0.05).

2 HRE5HM

2.1 TR 55 Ah B IR 55K

2.1 1 KGAT YR Z G AL b8
0 ~20 em )2 PR TE 24 h RSB S T+
REry«S” BUARE (I 1) , A2 IR B A 2E 7 3 72 58 sl
55, 1M HIX— 3N AZ Bk B 120, #E 8 :00—10:00
P, 16.00—18:00 H 30 5 W {E,24.00 2K
H2.00 LR IE(H. I (5 AS H—6 H2 H)
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Fig.1 Diurnal change of soil temperature in 0-20 c¢m at key
growth stages of soybean under different mulching methods
(average of 2009 and 2010).

FMRFC ; £ 28 Plastic film mulching with double ridges and furrow
planting ; FMFC . 78 {5 4% Plastic film mulching without ridges with fur-
row planting; FMSC ; 7 i< 254% Plastic film mulching with strip planting;
NMSC(CK) : ##b 254% No mulch strip planting. VE ~ V3. F 1l Seed-
ling stage; R6: 3R] Seed filling stage. T [A] The same below.

=T FMSC Fl CK, HE2:K,24 h “F# 10 . CK
PR T 0.4 ~3.3 C HRAEH e . soRii (7
H26 H—8 H 8 H)£&ALH 0 ~20 cm )2 M
PL12.00 ¥edr s, Zai s T CK, Z 518 F CK, H
/N AR AL AR, FMRFC fil FMFC f9 24 h
SRR CK 381 T 0.3 °C. FUAE 3 AL PR AE
R R T AR 2 IR A H A 7 IR 4 .
2.1.2 Re2AFNEZl 5 CK A, AFE
SALERSE RS T KRG A B IRE L HHRE, U
0 ~10 cm HHEZHEHR BE ,10 ~20 em RZ. 18
T KA I 7E R B (VE ~ V3,5 J1 16 H—6
H2 H)ZEsRiM(R6,7 H26 H—8 A 8 H) , 1k
B R 0.5 ~2.5 °C, FBE - SFETREE B34 I i vk
INE2).20 ~40 em + )2 R EABA i ER
M. KSR E Y 0 ~20 em +)2 1R
JE R IR 0.7 ~ 1.3 €, IR 4%7E 21 CLL | 3%
YRR GFFH & MRLE EE O, AL
+ BRI R B T S 2R
AH R T 3N A T 0 45 7 1 Ak P ) 4 R 2 P 35 1R
JETCIA i 25 52 (HAF I e A4 1.2 ~ 1.6 C.
T 5 A0 LA 8 IR A5k SR 38 e BN 4 R XU 2 1) % > 7 A
T > 76 A HE > B8 Hh 444

2.2 K[W)7E 3 AL EAY K 300

2.2.10 ~200 em 42 5K & = 0 B AR
W 3 fis , AN REACAE AL, b K & AR &
P AR ZR T FLURBE (0 14 0 A7 7 A 1 I s A 3 1) 34
5 VEMIRE K BB AL AN, % 0 ~200 em + 2 H 35
K T AN R . A (V4 ~ Vn,6 J 2
H—o6 H21 H) ZAJH(R8,9 H 28 H) , FifE 1
A EE A B Ay BN T R E AKX 0 ~ 60 cm,
0 ~100 cm F10 ~40 em + )2+ KB AYHFE, 26
2 ARV FEAK 3 1) ZERUOIER T 20 em. PIFRAFE 7Y
B PR Z R L E KRN0 ~200 em HJ2 1
oK EBE T CK, T 24E 0y (2009 4F) 433 m 1
0.9% ~2.5% F112.22 ~31.81 mm, F/KLEA (2010
AEY AR T 0.5% ~3.0% F16.81 ~38.73 mm,
BRI K 4> FEEEFTEO ~ 100 em )2, 53004 0 ~
200 cm + 2 K4 B E B 92. 1% (2009 4F) Fi
88.2% (2010 4F).

2.2.20~200 em 2 HIESKELETHNEE
b HE 4 iR, RG2EF A AT 0 ~200 em
)2 ORI K AN R AR BUER R B A 15 2 A
BRI, AR B4 BT ARk . T R AR
(2009 4F) Bk 52 TR AR, BARTE T IE G
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Fig.2 Soil temperature dynamis at whole growth stage of soybean under different mulching methods (average of 2009 and 2010).
SW . 4% filr 14 Sowing; VE: B Emergence; V2. i Seedling ; R2. 7460 Flowering; R4 . 4531 Pod setting ; R6 . Hki ] Seed filling; R8 L I E

Maturity. FIa] The same below.
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Fig.3 Changes of soil water content in different layers at growth stages of soybean under different mulching methods.

V4 ~ Vn: 5383 Branching.
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1512009 1812010 - CK
-= FMSC
14 + 17 + -o—- FMFC
S -+ FMRFC
=13t 16
i
fﬂg 12 f 15
x5
Hg 1 14}
3
10} 13t
9 . . . . D12 . . . . .
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HFEHY Growth stage

B4 RREZEZAEELO0 ~200 em L2 KA EEERGATHNHELL

Fig.4 Dynamics of soil water content in 0-200 ¢m during whole growth period of soybean under different mulching methods.

K o Er B T (R R - K A = AT
FEAR AR ; 10 /K 4E43 (2010 4F) W30 R Sk 1
FHia# B AE)G 3K A P kb 78, B -+ 1
KAy S L L RE AP I . I8 R T AR R
IKAEAY  ZERE T IR AR A T & A R
+ IS KB LD FMRFC £ &, FMFC K 2, CK #x
ik, PIFRAE AR G 24 B 1 0 ~200 ecm £ )2 7K
I T 62.7 ~70.3 mm. BIRZ AR K
BB 0 ~200 em HEES/KEYHE ST T5
SRy HBE AL FERT 0 ~200 em + )2 KT
AALH SR I FMRFC>FMEFC>FMSC>CK , H:
SEPRARAE IR A 2, R I S5 R 16 T 4R
TRE A AR M B IR A, & 42 w5 HH [R] 4K 4 B i
(AT RCHE it A, 2 i R 5 K 7 6 88 b, 2% 4 it 52 1)
2.3 [R5 b B R G RE K B FTRE K AR

P 1 AT, AN ) 7 55 A K G4 A B I B RE
7Kt - Y RE K i B A R A AF 45y 22 [] A 4k fa 5 AH

M), 78 Ak 3 2 ) 22 S5 AN B 4, (A I 3 I T CK
(P<0.01) , ¥~ CK>FMSC>FMFC>FMRFC. %
A B B 1 FE /K i RN FE K 5 B AE T 4R (2009
) BRI AT 2 JE A X R AR AL
G FIKAEGY (2010 4F ) W R B AT ) 1
LIRS T, 2B K 5 [R)RE 7K i FIVRE K 5 i 32
JIEH VR A i A =X R K 2% B 3 )
AN
2.4 N[R)7E S5 AL B R R G RN

M2 LA B AL B T A G TR
(SR & S R S 3 G INER A 2N L NI =1
IR R, TG TN T R 5 7= . AN [ AF Y 1)
WitaF—3, ¥ FMRFC 5 FMFC 2 [8) JG B & 2
S (B B T FMSC Al CK(P<0.01).

AN T)AF AU 7 35 Ab B 77 MR B A AR AN
[A]. T 5447 (2009 4F ) B 35 Ab FEXT R Gk Z MR 9
B T EKAE Gy (2010 4E) . 5 CK H, H 5%
AR PR ARR B A BCER AR ISR A b AR T RAE A

F1 AEEZLEKXRTHEFEKSMFEKFFE
Table 1 Water consumption amount and characteristics of soybean under different mulching methods
Ty ST TERANTE TR PSRN MFOKR AN
Year Treatment Sowing-branching Branching-seed filling Seed filling-maturity TWC FEK
Feok it FEIK 3R Feok it FEIK 3R Feok it FEIK 3R (mm) AWCI
wC WCI wC WCI wC WCI (mm - d™")
(mm) (mm - d7") (mm) (mm - d7") (mm) (mm - d7")
2009 FMRFC 54.6 1.37 133.6 2.73 99.0 2.06 287.2Aa 2.07Aa
FMFC 82.5 1.97 134.1 2.74 98.1 2.04 291.2Aa 2.09Aa
FMSC 73.5 1.75 120.8 2.46 98.0 2.04 292.2Aa 2.10Aa
CK 86.4 2.06 120.1 2.45 99.9 2.08 306.4Bb 2.20Bb
2010 FMRFC 61.1 1.30 102.0 2.06 124.7 2.42 287.8Aa 1.97Aa
FMFC 66.1 1.41 102.7 2.08 127.6 2.46 296.4Bb 2.03Ab
FMSC 67.9 1.44 104.2 2.12 130.6 2.51 302.7Bc 2.07Ab
CK 70.9 1.51 105.7 2.16 131.8 2.53 308.4Cd 2. 11Be

[RIZIAR TR /NG b 43 ) 3 s [RIAE A [] b B A 22 53 4% 183 (P<0. 01) A 3 (P<0.05) Different capital and small letters in the same column

meant significant difference among treatments in the same year at 0.01 and 0. 05 levels, respectively. T [f] The same below. WC: Water consumption

WCI; Water consumption intensity; TWC: Total water consumption; AWCI; Average water consumption intensity during the whole growth period.
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Table 2 Yield, agronomic traits and water use efficiency ( WUE) of soybean under different mulching methods
My OB L7 = I RIERL FERLEL JER AN FER=E KO RIHRCR
Year Treatment Plant height Branches Pods per Seed per 100-seeds Yield WUE
(em) plant pod mass (kg - hm™2) (kg + mm™!
(g) - hm™?)
2009 FMRFC 68.2Aa 7.8Aa 53.6Aa 1.96Aa 26.4Aa 3465Aa 11.7Aa
FMFC 67.5Aa 7.7Aa 53.4Aa 1.94Aa 26.1Aa 3229Bb 11. 1ABa
FMSC 62.9Bb 7.2Ab 47.1ABb 1.93Aa 24.6Bb 2713Ce 9.3BCb
CK 44.0Cc 5.4Bc¢ 40.6Bc 1.91Aa 23.8Bc¢ 2293Dd 7.5Cd
2010 FMRFC 90.2Aa 5.5Aa 70.1Aa 1.92Aa 24.2Aa 3584 Aa 12.6Aa
FMFC 89.5Aa 5.4Aa 69.6Aa 1.83Aa 23.9Aa 3564 Aa 12.4Aa
FMSC 89.8Aa 5.4Aa 67.8Aa 1.79Ab 22.6ACb 3252BCh 11.0Bb
CK 71.5Bb 4.9Bb 63.9Bb 1.72Bb 22.2BCbh 2862Dc 9.3Cc

(2009 4F) 43 3N T 22.9 ~28.2 em 1.8 ~2.2
N6.5~13 DFI0.8~2.6 g, A RIAHNRE T
52.0% ~65.7% 33.3% ~40.7% 16.0% ~32.0%
F13.4% ~10.9% ; £ F 7K A4y (2010 4F) 435035 hn
T18.3~18.7 em,0.5 ~0.6 4~,3.8 ~6.2
0.2~2.0 g, 7 B A X425 T 25. 6% ~ 26. 2% |
10.2% ~12.2% 5.9% ~9.7% 1 0.9% ~9.0% ,
H A RAE 0 43R BORT R 5 4 XHE &, KA 42
T T RR D PRAR SRR ISR B A X R AR
378 35 A B R TR O AR ME AR RN R S P Y
BLRHZ —.

IR T AR (2009 4F) R4 F K
SRR (WUE ) 148X (B B A T 3 7K 4FE45 (2010
i) (BHAE = WUE M 4R 2 i T F K AR5, I A
AERI FMRFC A PR T WUE 43 590 %88 HG At 4b 35142 v
T 5.8% ~56.3% 1 1.5% ~35.4% . FW K53 HF)
AN B it v A A W AR RN AR T AR
FEFHZ —.

AN TR B T o A L 7 40 AN [\). T B ARy
(2009 4F)4 A Ab 3Ry AR IS B B 2 25 R (P<
0.01), i FMRFC F ¥ 7= & fx &, ik 3465
kg - hm™ 435148 FMFC . FMSC F1 CK ¥47= 7. 3% |
27.7% 51. 1% ; F/KAEA (2010 4F) FMRFC ;=1
S, 15 FMFC 2255 A B3, 5 FMSC Ml CK 22
S (P <0.01), 3P g BE 4y Wik 0. 6% .
10. 2% \25. 2% . 3R WA 5 FAE T FAE 1S 7 A K
FEAKFM.

3 i it

KEBERIEY, R4 K & T By B i AR
HASEER | 8 & RN & B R iR R AR AR,
AR R B A e e — R N 18712 C

(/1) B 5] 26/20 C, B 7= g, it 26/
20 °C, KREFFr=& FBE >, 24 F 0t KRS
TRBE R 20 ~25 °C P ARG I, b 7 26 (i S0
KELLEFHHZE 0 ~20 em 1 JZ 4 e - 42
1.3 ~1.6 C, AT IR REE 21 C LU
bR R (VE ~ V3) R 50K (R6) 1R ik
0.5~2.5 C , XX FRAKGTRIF L MALKE B
B AN, I+ R R R A E
B AT 0 ~20 cm 2R R <S” M H AR
b, AR R BE A B IR W4 /N, 2R B A R N
A b A S I R VR X S AE
FkTT NEES R RS AR AT
ghe—3, SR FRP I PG RN AR IT 451 AR L.
KRG KEZ, A6 T AEY X 6K ol
JEET AR BRI T SRR Y2 g
HoF W, b B Y RS AR R AR R
T PRI 5+ R 2B A BT Rk b 4 sk
GYFER W SR B MUK R HRCR. A
822 W VED A K i) b R 55 T B e K i, $E
KA FIRRCR AR FTEAZK 2 193 BETH FE , & S8R
YA K5 K A AR AR T = AR
B, FMRFC T A3 /NP A B 5 28 1T 1) 45 W9 1
FH B R B b 2 52 X e R 9 S ~ 10 mm
PR K AR T TR A V8 (BRI ZE98) N, PR
ANAETUER S ZE N T AEIAR)Z 0 ~ 100 em + )2 144
KA R, ENAEFL 0 ~200 cm TE4
FEJZE A B A oK R K B4 A CK &
0.9% ~2.5% .62. 7 mm (T F4F {, 2009 4 ) Fl
0.5% ~3.0% .70.3 mm ( EK4FHYy,2010 4F) , HF
AP AR ISR VR FH S 5. A [R) 7 2 Ak B TR R AR AR 4%
FF, K24 F WLEFEK &5V FE K 50 7
FART CK,FMRFC #E/K &AL, A AT E
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WA () PR 5. 2% WA A 55 FE ) 2 FMRFC Ab 3 2
fif PRl Ty 5 DX A K 43 B e R R B A .

oL LR E AU E Y NIT 7 S =1 S G R 7 =13
LGNSR VAR 70 S NI 3 ) i L S |
T RGP R, X S it —8, I S5
Tk NGB SR RS ASIEAE. ARRTSE
LW, FMRFC Ab 3 0 2 2038 T 1 HEKHOR DL, ffi 4
Y ae A AR AL AR R A AR K EREE ik TR
DGR  WUE 09482 =5 4E F Bk, R =
i 2009 4F K IR AE AT B AR CK 0 ~ 200 cm +
B A K BN R 10% , {H 77 B A i #2293
kg « hm™ 3 Hr R A WA . — 23+ 2
PR A Mz T Akl A A IR DR A R b i 2
TREFRAIME, FRERREE BRI FHLIRE
R, 8 S BEI R SR 2K IR bR A K A R AR
Yz SRR R LR Z R R R T
B KRR A R B R 8 R MEE AR 25 T L
2009 R E 4 E T HIK 246, 3 mm, &R £ 4
SERRE K i (387 mm) 1Y 63. 6% ,{H 81. 3% K
REFLD TEREKEHT2EFEN 79 (&
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