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Effects of using plastic film as mulch combined with bunch planting on soil
temperature, moisture and yield of spring wheat in a semi-arid area in

drylands of Gansu, China
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Abstract: The differences between the timing of natural rainfall and demands of crops for water during seasonal drought is
one of the main factors restricting crop production in semi-arid areas.As a new agricultural technology, the use of plastic film
as mulch to cover the entire soil surface, combined with bunch planting of wheat with no-tillage has several effects; the
plastic captures evaporating water and so suppresses evaporation and maintains soil moisture. This significantly improves
rainfall use efficiency, allows the full use of light and heat resources, and significantly increases yield of wheat, flax and
other crops.Therefore, the use of plastic film as mulch with bunch planting has been widely applied in dryland agriculture in

the middle and eastern parts of Gansu Province, China.However, systematic methods for the use of plastic mulch in wheat
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production are still lacking; in particular, research is lacking on the effects of plastic film mulching with bunch planting on
soil temperature, moisture, water consumption, water use efficiency ( WUE) , and effects on the various growth stage of
wheat and on dry matter accumulation.To understand how this new technology improves crop development and yield and how
it affects soil hydrothermal conditions, we designed and implemented a field experiment using three treatments: the use of
plastic film as mulch to cover the entire soil surface with bunch planting (PM) , the use of sand mulching on the entire field
and traditional scattered seed planting (SM) and un-mulched planting and with traditional scattered seed planting ( CK).
The study was carried out to determine the effects of different mulching methods on soil temperature,, moisture and yield of
spring wheat ( Triticum aestivum L.) in the semi-arid area in drylands in central Gansu.In this experiment, we used “Long
Spring 277 ( Triticum aestivum L.) as the test material to study the effects of different mulching methods on soil
temperature, moisture and spring wheat yield in a semi-arid area. The results showed that PM and SM increased soil
temperature in the entire growth period for spring wheat; this increase in soil temperature is most obvious before the jointing
stage of wheat.PM and SM could result in a 1.8 °C and 1.4 °C increase in average soil temperatures in the 0—25 cm soil
layer, respectively, compared with CK.After the jointing stage, the warming effect of PM and SM gradually weakened or
disappeared, although it reappeared in a weaker state as the wheat matured. PM and SM could improve the rate of water
consumption and increase water consumption after seedling emergence. Water consumption was largest during the jointing-
flowering stage and PM and SM increased water consumption up to 54.93% and 31.54% , respectively, compared with CK.
With increased drought intensity the effects of the treatments were more obvious at the jointing-flowering stage.PM and SM
could improve biomass water use efficiency of wheat (WUE), ) significantly; the improvement was highest (up to 365.17% )
at the seedling stage of PM and at the jointing stage of SM (up to 119.00% ), compared with CK.PM and SM treatments
resulted in increased soil temperatures and improved soil water consumption; therefore, these treatments extended the
growing period for spring wheat and increased the dry matter weight per plant. Also PM and SM increased yield by 432.28%
and 375.82% and increased WUE by 351.51% and 338.29%, respectively, compared with CK; with increased drought
intensity, yield increased more obviously with the PM and SM treatments.Therefore, PM and SM can significantly promote
water consumption, increase yield and improve WUE by a higher percentage in a drought year, although the effect is

stronger with PM than with SM.

Key Words: the use of plastic film as mulch to cover the entire soil surface with bunch planting; soil temperature and

moisture ; yield; spring wheat; dryland
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Fig.2 Effect of different mulching methods on soil average temperature in 0—25 cm layer
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on the entire field and traditional scattered seed planting; CK ; #t}1 7-/E un-mulched planting and with traditional scattered seed planting
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Fig.3 Seasonal dynamics of soil water storage in 0—200 cm profile of different mulching methods
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Table 1 Effect of different mulching method on growth stage of wheat ( Month-day)
AbF FEFh 1) HhET) P Bt i) JA]
Treatments Sowing Seedling Jointing Heading Blooming Maturing
2010 4 PM 03-23 04-01 05-18 06-13 06-23 07-20
SM 03-23 04-05 05-21 06-13 06-23 07-22
CK 03-23 04-09 05-24 06- 16 06-25 07-25
2011 4F PM 03-17 03-28 05-18 06- 10 06-20 07-16
SM 03-17 04-03 05-21 06-13 06-24 07-18
CK 03-17 04-08 05-24 06-19 06-28 07-20

PM; 2575 1 7CH% the use of plastic film as mulch to cover the entire soil surface with bunch planting; SM ; 4= V)% 35 F-4F the use of sand mulching

on the entire field and traditional scattered seed planting; CK: BRHlI*F-4E un-mulched planting and with traditional scattered seed planting
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RTS8 I, PM /INZE SRR T 8 A6 T8 3RO 0 il AR D 35 28 300 0 ISR 38 43 ) ¢ CK 35 333.39%—650.00%
123. 66%—481.96% .134.29%—160.63% .68.44%—168.85% I 52.63%—176.78% ,SM 5354111l 166.67%—200.00% 124. 73%—
199.36% .91.69%—122.86% .62.20%—100.99% I 44.07%—103.13% , AJ WL AR E [X /1N A2 75 56 Mo v i /N 22 $E i o o, SR A B
% AT WARET, SRR T BN, /N PR E TSk

*2 AREBEEMEAXNNZERTENZ N
Table 2 Effect of different mulching methods on dry matter weight per plant

b3 i AT it EZpi ] LheiR

Treatments Seedling Seedling Heading Blooming Maturing
2010 4 PM 0.13a 0.57a 0.82a 1.49a 2.32a
SM 0.08b 0.57a 0.78a 1.44a 2.19a
CK 0.03c 0.25b 0.35b 0.89b 1.52b
2011 4 PM 0.15a 0.30a 1.38a 1.46a 1.57a
SM 0.06b 0.16b 1.02b 1.09b 1.15b
CK 0.02c 0.05¢ 0.53¢ 0.54c 0.57c

AR P RE 2R [A]— ARy AN [R) A BRI 5E 25 517 5% 7KK b 22 57 i 3%

S U R R 7 55 Al T 2R/ INZE PR RIK A R BRI 5 AR R 40 A A TR S (1 4) B4R 2010 4F A 3FK
A, 2011 4R ROKAE , H/NZZ 48R 4706 1 (6 A N A)) BITCA R, N2 T AR K d sz 5 (AR AR IR0 45 1 1 R B 56
REPR/NZE PR WUE 3575 TANE S5 A3 PM AT SM RI22 AR B2 (P < 0.05) . 2010 4F PM Al SM /N2 =843 il CK B4
48.78% 1 9.41% ,WUE /35l 4 55 41.82% F11 36.15% ;2011 4 AR A AL B = S FE /K 53 KR /N 2010 4F {H PM AT SM /22 P i
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AR CK 381 857.90% F1 702.23% , WUE 43 34815 661.20% 1 640.43% , T UL, /NE Pt 5 WUE B 4630 /N b 5 7K 2 38 i i
AN, T PM 1 SM A 7™ 2R WUE 2 755 2R W [ [ 7K B o /D g s
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Fig.4 Effect of different mulching methods on yield and water use efficiency of wheat

2.3 A R FE I 2O Nz FEAK SR K 43 R 9 5 i)
2.3.1 AR R SO0 /N2 B B AR K (1 5 )

S AN [ 38 25 P Jr SO0 /N2 B B AR K AT S 3 S A O 5 AR B R A0 AR B VI AHOG (38 3) o 2010 4R /N2 #E Al 24577 1
AEFRIAIFE KRR PM > SM > CK, ZRKBEKE(P < 0.05) , HA PM I SM #E/K i K TR i, T FE BT L3RI 75K 47,
CK AB7K A2 /IN T[RRI o 52011 4F B SR FEFh B35 P 18 B84 29.1 mm, (B REFR 4315, 24909 TR (18] 1) |, SR T 4% Ab BRAE K 42
5 b —AFAH LTI, CK EE BN 21.04 mm, B &2 T —4F /N2 08 SR R R 52 0, 2011 4R35 i ISR 404, U3 AR T 2 /N 22 31X
— B BEAK AT SR 5 ANZE PR B, AR R RN AT 22 AR K, 2010 4E A4S AbFRAE K £ 8] 22 R B 3 HLA /N TR A5 2011 4E LT
HARERR AL 2.6 mm,PM .SM I CK [AJFE/K £ 25 5 1 25, 43 Wil34 41.40 30.58 21.41 mm, Y6 K T W &, 7 B4R RO & LK 4,
o PM FI SM 2391148 CK 29446 147K 43 19.99 mm F1 9.17 mm, PM %} 138 /K A #EHUR K, SM ¥k Z , CK e/, /NERTEE 16
11,2010 AETCREM , /N AR K S8 KSR H 0K 43, 3 R AL B R FE/K i 25 57 B 3, PM I SM 43 Bl 48 CK £ 7H#E 37K ) 29.36 mm
F116.72 mm;2011 4F B BERERY 29.00 mm, 3 FPAbHFEK &R MK PM > CK > SM, 25 23, PM 3 CK Z1HFE LHEK 53 7.36
mm,, /NEEAE BN A, AR I 3 22 2010 AR AL PR FEK SR CK W35 T PM Hil SM,PM 1 SM W] 22 5 A i35, H ¥
KT S, (H T B I (AR I sl W B, 28 R iR EL, CK MR TCE 35, B35 = T PM A SMIWHE/K & K Z HZE &2 ik, /b
AR FH—41 52011 A0 FR R FE/K AR R IR CK 5 F PM Al SM,PM Hl SM [l 25 5 R B 3% HE/NFREN a7l REAY IR
PR — 7 T2 AN A KR T e /NG A K s ol — S8 (W 45L43 , 05 — D T /N2 R4 ik i A S T e B B /N 22 S K 43 B R
FH, ATUL PM AT SM AT /N 4R A5 B3 AR IHEAK , I B BE PM Al SM B /K 143 B8 CK 340 54.93% F1 31.54% , H I B Bo 2
T8 (R FE KT

*3 AEEBEMEFXINEMRIEEKERF0D
Table 3 Effects of different planting methods on seasonal water consumption of wheat
INZE By B RE K 2 5% 7K i seasonal water consumption and rainfall/mm

- PO - -tk W AE- I MApk
ARy Qbyg Sowing-Jointing Jointing-Heading Heading-Blooming Blooming -Filling Total water
Ver Treamen  fpkE FEAlE kR B RAR B FkEE WemiR comumpion
Consumption Rainfall Consumption Rainfall Consumption Rainfall Consumption Rainfall /mm
/mm /mm /mm /mm /mm /mm /mm /mm
2010 PM 74.53a 43.50 71.36a 77.20 51.93a 0.00 72.33b 63.10 275.02a
SM 63.99b 43.50 75.16a 71.20 39.29b 0.00 77.38b 63.10 280.84a
CK 28.21c 43.50 72.49a 77.20 22.57¢ 0.00 120.37a 63.10 259.40b
2011 PM 75.67a 29.10 41.40a 2.60 42.47a 29.00 41.54b 70.00 202.08a
SM 66.62h 29.10 30.58h 2.60 35.84h 29.00 40.65b 70.00 181.01b
CK 49.25¢ 29.10 21.41c 2.60 25.14¢ 29.00 69.56a 70.00 178.63b

2.3.2  AFEREFHTT N FI R (WUE) H52 0
M AN [ B 5 R T O N IR P R IRCR (WUE) A 2T (K 4) o 2010 425540 B8/ B BV K 73 I RCR (WUE,)
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SR AR AL, SR /N A TR R B R, B PM R, SM IR 2, CK SR/, PM T SM R Hl 57 36 AR VE I, 2K 43 244
HF CK, M WI/NE WUE, £H8 PM B35 T SM A1 CK,SM I CK 8122 AR B3, B/ 2R B A i3t , 440 38 WUE, B
B A NEE DR SR AE O WUE, #E— 25380 3 e W05 3 0 A S W, (B WUE, H)ik 5 RAE , PM 1Y WUE, ik %)
107.64 kg-hm ™ mm™" ,SM 4 103.28 kg-hm >mm™",CK # 81.42 kg-hm>mm™",PM 1 SM 4bJR[A] 2% F R B 3% B3 B & T CK
(P<0.05), 5 CKAHLL,PM 19 WUE, 76 1 3 3k 15 30 b B30 4 16 300 R 8 3% L83 43 731 2 75 268.59% | 163.59% ,85.59% |
32.20%F1 100.88% ,SM 43542 %5 50.32% 128.55% .19.21% 26.85% F1 79.8%

2011 FF/NEA B IR E T 2010 4F B A3 AN, /N2 ST R J0A 5% /T, WUE, 507 SR 14 3 55 K {8, PM SM. #l
CK Yy WUE, 43 51355 104.54 kg-hm > mm™", 90.16 kg-hm > mm™" | 61.35 kg-hm > mm™" , /NEZ LW FTEA PR 12 mm 22471
R, (B DR B B R R B [ R B R /NG WUE, , MBS T T2 735 &2, /N2 R WUE, S5 A6 M Lo A7 — e 3w, (H IR %
P/ 1T 26 B0 A BT A AL R T A B BE WUE, Y9/ E—4F . 55 CK M H, PM B9 WUE, 78 1 351 385399 R 37 46 0 A 3% i 3
W53 BIHE T 461.75% ,147.12% ,70.40% . 50.13% Fl 126.52% ,SM 5351375 92.35% . 109.45% ,46.96% 47. 40% F1 110. 09% , T
PM Fl SM 1) WUE, $2 &5 (T4 T, /N2 A KA CK SN HERE RIS PM AL SMFFRLK 23 FIHRCR (WUE,) B& =T CK, T,
B A (R AR X N AR SR S VEIK A R AR, R e B il

®4 FRBZEMEFAXINNERRMEKSFRRENM

Table 4 Effects of different planting methods on seasonal water use efficiency of wheat

. 4 INFZ B Bk 23 F IR Biomass water use efficiency of wheat ORI A %
Year Treatment 0] KA i L) WA Grain water
Seeding Jointing Heading Blooming Filling use efficiency
2010 PM 11.50a 31.21a 88.79 107.64a 63.82a 15.14a
SM 4.69h 27.06a 57.03b 103.28a 62.11a 14.54a
CK 3.12b 11.84b 47.84c¢ 81.42b 31.77b 10.68b
2011 PM 10.28a 16.73a 104.54a 11.53a 37.22a 5.19a
SM 3.52b 14.18a 90.16b 11.32a 30.59h 5.08a
CK 1.83c 6.77h 61.35¢ 7.68b 17.18¢ 0.64h

3 Tt 54

BRI T R WA VAR AR T & A R A E A MR TR S 0 1 R AR T A A e — T e
A B b b X 2 AR A R AP AR RV R TR i R AR A AF T /N R R #1311 (3 A 20 H—5 H 16
H) , 28 17X (PM) Fevb 8 5 FAE (SM) 0—25 em /2P ¥ MR AR HPAE (CK) 2300 P35 0 1.8 CHl 1.4 C (1 2)
WATRIHIREINI (5 A 17 H—6 A 13 B) 43313 n 0.8 °CH1 0.6 °C ; #iFERI%EWI (6 H 14 H—6 A 21 H) ,PM F SM AL FE I3
AN, =% 0—25 em + )2 HHEPIRR A HMART CK, BI/NZUGRIT, PM A1 SM b2 RIS IR AN ,0—25 em £ )2 4T
IR CK AX 3B 0.7 CCR10.9 °C MITRACR 2 HEE R (18] 2) , 5 T A BFIEFR B U RS (a3 BRI )l g
4 Do R 7 s ORI AR DI AS TR T 38

Hb TR 35 AR5 K AN 2 A il L R A B R AR AR [ P AN 2 RS & B, MR 16 IS /N A
AARPTRE T &3k P ALEREERS 2 m DUF, AT S MR 2R A 45 Rl i) A [ 3 S s A T /K o PO 20 (/N 7 T R A R ARAR AR K
WA ERE ) AIRIR AR, 2010 4F R KAR 2011 4R BRAK AR | FLFTAE R T 20 A ST (P 1), (H AR IR 56 35 R, PM
HISM gt /N AR, T HUR /NZ ST B3 A6 301, An sk B BEE S 52, PM ORI SM B 7543 18 3 - ST 77k i /N2 AR T R
W1 2011 /N 45T B ARIH PR AL 2.6 mm, PM \SM A1 CK FEZK & 430l 3k 41.40.,30.58 .21.41 mm , 26 K F R &, PM F1SM 4351
B CK ZIHFE 13K 53 19.99 mm F19.17 mm, PM X T EK M AEHUR K, SM IR Z , CK /Iy, 2010 4 /N2 il 8 247 4601 JC R
INFE AR SE AR AR B A PM I SM 23S CK £ 744G H338/K 4 29.36 mm 1 16.72 mm;/NE LR MY |, BI4E CK #E7K 2
Y43 T PM R SM, {HE AT BE CK 351 T PM A SM AFE/K B K 2R ZE L TEUR , /INEMNFI I —34r (£ 3), AW, PM
SM W] RUE/NZZ 4019 15 IE & AR K MG ARk f2 3/ NZ2 4501 B AL BIFEK , B BoloR T 5 R SEFE/KAE A 2

Hi RS 26 X K it s P4 G B R 4 AT R E T AR K o B RLPE AR ER 0 R /N AE A KR o T R A
INE R R REECRIROR B B, 7 B RUK A RUHRCR B R 1 B EA RN, /N B S i Rk T
BRSO SRR 75, 5 B0 NRBCRERL BRI FE U/ 1T ELAR TS A G /N T SR AR R A VA 52 30 T 5 0 1 A 4
153 I BV 7 4 4 et S A /e DR /N BB SSORI R 00/ 17 A A 7o R 2 2 4R S i AR 2 /N 22 A P K O
TR S A, AT R IE R T AR A E TR, PM AT SMAB SR R /N IRE K, SRR T R K, R R R
5SRO BT ISR Y WUE, (3R 4) |, IR/ N /IR TR BN 7 S B, PML 3 7R
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=

REAFT SMELH =3 B AE T AR M B (R 3) . SEA ISR —3, BAMRBE A PM B =550 78 T AR &
T X — 2538 (H R TR AR BR 5, X — 251 S E

BT 3505 , R IOKIR A AGE ) Ve A B AT, L i AN A K F ) T A 7 R L e i FLA
TR AR = IR AR R R T R S SRR PRI A IO AS Y AR A& E T PM AT SM 7
HEE A AR AVE T T /N R s, A AR B ISR AT, SRR T IR I 0, RE RS R SR AR KON PR BEE TR, PM
4% CK #4757 48.78%—857.90% , W= & W& B4/, WUE 7R 348 5 ; SM P~ 5l WUE #4835 T CK,{EALT PM,

%

N
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