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1.1 RGBSR

FH () 056 A7 T V0] 22 9 X ) B 6 B8 it (40°46"N,
107°24"E) , 4R 1039 m, Hhib 5T RS 0EH,
JaE B (PR T R R e, BROKER T, EHBRAE,
ARRERE, AT, BWIEEERK. W52 41
$)508. 6.9 °C, [EME 142.1 mm, K& 23065 mm.
TCRE W] 160 d, 4FH % 3189 he X N L33 & T w4
WL, M EEAADEL, HETFHLEAE
1.40 g/em®,  + 3 ML R 5 1 7.26 glkg, SRR RS
% 105.36 mg/kg, HAETE >4 55.82 mg/kg, AT
B4 12049 mglkg, LIS BT E S48 1.19 g/kg, HLTF
KB 25m A4 . 0~120 cm -3 HH [H] 77K & 23.85%,
+ 478 1.49 g/lem®,
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1.2 Rt

46T 2014—2015 AT, HHAEYI ATk, FERE
THEHERME T, WE 2 MBS T CREE. 25D
2 FEHER I CPE. 2B , 3% 4 NMEE, 2508
BERE (LQ) « ZBEFME (LB) |« “PEAIE (PQ) F
SEAERE (PB) o« BANGEE 4 NES, it 16 MM X,
NXTHIAR 4 mx12 m. Kb B SR FH 98 AT R 7 5K,
AT SEATATRE 4> )2 20 F1 80 cm, {E 4T [H) A &
TGEAS , WG EAS (E)BE 100 cm, W 3kiAIEE 30 cm, E oKk
#F 30 cm. ZE{EALFEZE S 20 cm, ZE%% 40 cm, ZE|A]fRE
100 cm.

PEHRE R ACNTESR 6 5, MUy E R O 0m
JEFE 8 um. 2014 SFEREFIE AN 4 H 24 H, 201544 4
H 28 H, fFFETEMEIE JRE. 5 JE 5,
FEFAEE 5 cm, 235 2014 4 9 H 4 H A1 2015 4 9 A
5 FHck . 78 KR I EERTEE, BB IRER .
REFOSER AR, K BERNE T it A BERE KN . BT ik
AR E — 2, H S A A
1.3 MZEEMRSHE

TOKEMEENE: RAH ECHO-5TE (Decagon
Devices, Inc., USA) 1387K 55 iR BEBNAS Ma il 3R 45 St 1
W48 E K AR AR . W I M A R0 I 46 2SR f5
i, B 1hE LIk, BUEREAMHEI IR . REHER
ek R 77, BRI bR N 3, HRE N 10,
30 fll 55 cm.

FE i S A G E . EWGR IR /NX e 2 AT 3
AT, AR, BORERENLESRE 20 S Al sk
1T, BATRIEL, Bk SR EAFRLEF &, 50 CHLT 2
fH R, METRfE.

KK S PRE T FOKRFE/K i ET (evapotranspiration,

mm)

ET=AW+P+1+G+R+F L
A AW NFER Y SUGR I MK EZ 2, mm; PR
ABMAERBENE, mm, WRENENTHHSHEEL
SRR 0.2 1%, MUATCRBEMRDY; | Tkl W
K, mm; G A4 B L R /K EDIR &R I #h A &, mm,
VRGNS FE S 2% CHR[20]; R ONAE B IR &,
mm, XX, TR A FONAEE R
WIZBIE, mm, R4 FAO56 7t #E At i kit 5,
e B T BEE R S A A AR R E K 43 28 H TR R K =
2 ARIKI BN Z B iR,
K AK A FIFH 2% (water use efficiency, WUE,
kg/(hm?mm)) +5E A
Y

WUE =— (2)
ET

b Y NIRRTk B, kg/hm?s
1.4 HIRSH

K H SigmaPlot12.0 il I, f#iH R3.1.0 #:47 £k
WIS Gt o dr, 2 B IR T i/ B 2 0% (least
significant difference, LSD) #47,

2 GRS

2.1 BEHMEARIT HIEESKENEI

AN[EFE EHE T A KR AR 1. 2 MEK
ZORFAEE W8 7 SO0 R3S KRk, oK
SRR T B 4 7 o AL BN R VR S IR B K R 3 T
JEAE G AT, Kb, 2REER, BIEIHESKERST
SPAE, KR BHEZ I8 B KT (P<0.05) 5 I G
B, ZESPAEAE Z MERKEZAREE . IR g
A 10 F1 55 om PR T3S K RAE AR ) b a3k 5
B HIAR T —3, (5 30 om IR IS KR AL
BamTAaRED.

x1 TRBERMEANTLREKEREN
Tablel Soil moisturein different growing stages under different treatment %

pisail T 11 Seeding stage 545 1 Jointing stage 4k ) Heading stage S Maturing stage

Treatment 10cm 30cm 55cm 10cm 30cm 55cm 10cm 30cm 55cm 10cm 30cm 55cm
LQ 17.64a 20.05a 16.07a 18.64a 20.61a 17.79a 18.38a 15.66b 17.20a 17.00a 13.55b 13.58a

2014 LB 14.47c 16.26¢ 12.78¢c 15.34c 17.05¢c 13.91b 15.08¢c 18.58a 13.55b 13.68c 16.45a 11.43b
PQ 16.12b 18.67b 15.14b 16.73b 19.55b 17.00a 16.51b 16.19b 16.74a 15.75b 13.99b 13.10a

PB 14.79¢ 17.49c 11.92¢ 15.62¢ 17.96¢ 13.37b 15.34c 17.32a 13.18b 14.25¢ 15.54a 11.16b

LQ 19.94a 23.79a 15.77a 20.71a 24.53a 16.00a 19.98a 21.24b 12.67a 19.86a 20.55¢ 11.95a

2015 LB 17.36¢ 21.47b 13.32¢ 17.99c 22.08b 13.70c 18.50b 22.75a 10.06¢c 16.45¢ 23.49a 10.23c
PQ 19.23b 23.19a 14.21b 20.38a 24.01a 15.15b 19.91a 21.47b 11.60b 19.77a 21.36¢ 10.68b

PB 18.32¢ 22.17b 13.93c 19.07b 22.90b 14.24c 18.84b 22.35a 10.22¢c 18.37b 22.50b 10.32¢

7E: LQ. LB. PQ I PB /i N ZBE AR ZBAFPIR. AR RRATIE AL B, AR F R s b B W) 72 7 B2 (P<0.05) ; Rl
Note LQ, LB, PQ and PB indicate ridge tillage with full film mulching, ridge tillage with partia film mulching, flat tillage with full film mulching and flat tillage with partid film
mulching, respectively;  different lettersindicate significant differences between trestments (P<0.05); the same below.

2.2 BEHMEARTLIEEERFIN

A 2 A ZBVE R 7 AU T R I A, 2
AMMERK TN AR A G AR R R Rk, 2B 1E4
JIE R B A, S ALFE 10 om VRS IR E A, B
FLZWERN, PIEERH R R . 18K
A E 1 10, 30 A1 55 em VR FEZE AR AL 3 IR B Y i TR
Y, BEVE S e 5 78 i 2 Mo JEL R S i B8 o I R, 284
A PR SR AR 13.30~27.03 ‘ClaIAE Ak, ~FAEAbBE 4 4%

IFETE 12.54~25.01 Cla)Zefk, Hor, ZEfFE4 M 1150
FER TR, PRSI IR TR, 2 2
Z=5 4 H 11 10, 30 AT 55 om iR IR Y O 4 IR 55
TR A, 78 R T B i T i 1) 5200 5 Dy
AR, Al o AL B IR TR 13.64~26.47 C A48 4k,
e BT 75 ACFE 3R FEAE 11.97~24.31 Clal 48 {k, FHH,
ZEAE A R R TR AR, 2B AR PR R
TR
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xR2 TEBEHMEFRXTLREET K
Table2 Soil temperature in different growing stages under different treatment C

Ab 14 1 Seeding stage 45 Jointing stage Ik Heading stage A Maturing stage
Treatment 10cm 30cm 55cm 10cm 30cm 55cm 10cm 30cm 55cm 10cm 30cm 55cm

LQ 20.02a 16.79a 13.89a 27.03a 24.35a 21.09a 25.72a 24.04a 21.94a 22.78a 22.16a 21.18a
LB 19.73b 16.47b 13.30b 26.12b 23.55b 20.69%b 24.89%b 23.94b 21.95a 22.28b 21.98b 20.79b

2014 18.15¢ 15.82c 13.43b 25.01c 23.41b 20.34c 23.35¢c 23.21c 20.96b 20.91c 21.41c 20.20c
PB 17.88d 15.76¢ 12.54c 24.97c 23.20c 19.98d 22.65d 22.08d 20.46¢ 20.46d 20.52d 19.67d
LQ 19.45a 16.73a 13.66a 26.47a 23.34a 20.36a 24.11a 23.00a 21.31a 22.16a 20.96a 19.93a
2015 LB 17.99b 16.03c 12.45b 24.31c 22.41b 18.57c 22.74b 22.09c 20.04c 20.97b 20.50b 19.38c

PQ 19.33a 16.52b 13.64a 25.65b 23.26a 20.06b 23.99a 22.38b 20.61b 22.05a 20.85a 19.83b
PB 17.16¢ 15.14d 11.97c 23.46d 21.37c 18.10d 22.41c 21.72d 19.79d 20.52¢ 20.14c 19.01d

2.3 BIRHMERRX#HE DIBEKANS TR

2 MEKBEAEHE (0~20 cm) EHES K
AR RSB @B FEARMER (B 1, &RE
A E LSRRGS T REES. 2 F
CE b i e 30 v AHE B, &% A0 38 - 438 5 K R ARk

a 2014 FEA PR BT U Lk AR

a Dynamics of soil moisture and temperature under different treatmentsin 2014

E: LQ. LB. PQAIPB /3l g ZEfE A, ZBAER IR, PR AR J A 2

S FE B b B 2 ) R 3 R Bk T R
la) BB, P L % b T eI I IR ) A S AL
o SR L 2 - IR S D B AL B 5
KA BT, W LR, LS
K 2 I 7 B 1.

b. 2015 4EA A BHE A D7 20 F Rk Az fl

b. Dynamics of soil moisture and temperature under different treatmentsin 2015

Note: LQ, LB, PQ and PB indicate ridge tillage with full film mulching, ridge tillage with partial film mulching, flat tillage with full film mulching and flat tillage with

partia film mulching, respectively.

B 1 FRBEESEF X T 2RAEFT HAHE LIEARE 5 KB T (2014—2015)
Fig.1 Soil moisture and temperature dynamicsin different growth stages under different treatment in 0-20 cm soil layer (2014—2015)

2.4 BEMERRMEREIMERFIK S F RIS
A FIE BT 3R TR BRI R 3 Frs. 24
ERFRATH MR AR A B R, 2B AL
B, SRR At AT i e B 2, MR T
TR AT O R 25 . BIEHHETT
O TR B A RCR BN R %, 2014 SFa i i
PSRRI W S R IE 8082, 2015 47 UG 2 A P o
2 NMERZTN B IRE fe A B TR B R R
F, CPEE G RSN TERE G, B3

R, 544 “ EP-PAE+RKIERE” bFE (CKD A
b, 2 ANARKZE 2B A 4 IRRN S A 4 5 A 341 43 S 38 7=
22.22%. 11.98%711 30.92%. 28.18%, ZEAE k= &g/
16.70%711 8.21%, “FE 155 1 2=/~ &4 CK kb 3.18%,
55 2 ZENIEP= 2.85%. 734k, 2 MEKZE CK F/KER N
=, 43N 536 A1 521 mm., AN [R] 78 FEREAFE AL EE ST KK 4
FIFRCR R 5, 2 MK SBIE IR R FH e i
4391 40.21 F139.10 kg/(hm?-mm), “FFEHE CK 7K 43
FFHRCR AR, 43999 23.79 F1 24.61 kg/(hm?-mm)..

*3 TREBEMESXTER=EMKSFIAYERIEL

Table3 Comparison of maizeyield and water use efficiency in different treatments

en am TR HRE  TRER AR P FOKR KA
Year Treatment Number of rows Number of grains 1 OOQ grain Ra?e_ of Yleld{2 Water consumption/ Water use_gfflm (_e{my/
per ear per ear weigh/g fruiting (kg-hm™) mm (kg:(hm™-mm™))

CK — — — 12750 536.05 23.79

LQ 19.14a 692.00a 390.30a 0.95a 15583a 387.5a 40.21a
2014 LB 16.21b 548.67b 355.08¢c 0.91b 10925¢ 351.72¢c 31.06d

PQ 18.33a 678.00a 375.07b 0.95a 14277a 363.28b 39.29b

PB 16.47b 648.33a 333.32d 0.91b 12357b 365.42b 33.83c

CK — — — 12830 521.41 24.61

LQ 24.72a 980.19a 369.67b 0.87c 16797a 429.32a 39.10a
2015 LB 21.22b 739.14c 402.72a 0.84d 11857b 394.17c 30.08d

PQ 23.06a 837.83b 344.47d 0.91a 16445a 412.61b 38.29b

PB 21.38b 806.84b 338.73c 0.90b 13196b 411.65b 32.06¢c
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Effects of mulch and tillage methods on soil water and temper ature as well
ascornyield in Hetao irrigation district

Qi Zhijuan'?, Feng Hao'?*, Zhang Tibin', Zhou Lifeng?
(1.Research Center of Soil and Water Conservation and Ecological Environment, Chinese Academy of Sciences and Ministry of Education,
Yangling 712100, China; 2.College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Soil hydrotherma condition is one of the most important factors affecting crop growth and development in
semi-arid areas. In this study, we aimed to investigate effects of different film and tillage technology modes on spring maize
yield and soil hydrothermal condition in Hetao Irrigation District. The experiment included four treatments: ridge tillage with
full film mulching (LQ), ridge tillage with partial film mulching (LB), flat tillage with full film mulching (PQ) and flat tillage
with partia film mulching (PB). The results showed that the soil moisture and soil temperature of LQ were higher (P<0.05)
than the LB, PQ and PB treatments in the whole growing stage in 2014 and 2015. The suitable soil thermal conditionsin LQ
made plant grow vigorously, and it consumed large amount of soil water to enhance biomass and leaf area accumulation. In
addition, the full film mulching was more effective at enhancing component factors influencing yield and reserving water in
soil profile than partial film mulching, which resulted in higher yield and water use efficiency (WUE). There was an inverse
correlation between soil temperature and soil moisture in arable layer. With the increasing of temperature and crop water
consumption during growing period, LQ showed significant effect on soil water conservation. In 2014 and 2015, the soil
temperature was higher (P<0.05) in LQ than in other treatments while the lowest value was recorded in the PB treatment.
However, the soil temperature in LB was higher (P<0.05) than in PQ in 2014; it was opposite that higher soil temperature was
recorded in PQ compared with LB in 2015. It implied that tillage technology had a significant influence on average
temperature compared with mulching mode under drought conditions in 2014. Conversely, mulching mode played an more
important role in preserving thermal conditions than tillage technology during the humid year in 2015. Overall, ridge tillage
efficiently transferred and accumulated heat from shallow soil layer to deeper layers. Additionally, the higher the soil surface
temperature, the more significant the film insulation effect. LQ can not only enhance the number of rows per ear and grain
number, but also were conducive to the accumulation of dry biomass, promote the formation of maize yield under drip
irrigation, and increase water use efficiency. LQ efficiently promoted water infiltration and regulated the surface temperature
resulting in soil moisture conservation and evaporation inhibition. These effects were much clearer and more consistent with
ridge tillage. In addition, full plastic film mulch had an insulation effect compared with partial plastic film mulch, and thus
thermal energy could be effectively transferred and stored at the tillage layer where it was essential for maize growth. This
study could provide atheoretical basis for improving soil hydrothermal conditions in Hetao Irrigation District and thus enhance
crop productivity and quality.

Keywords: irrigation; soils; water; drip irrigation; tillage methods; film mulch; soil temperature; corn



