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Optimal Mode Selection of Mulched Drip Irrigation in Sand Layered Field
Based on Water Consumption Characteristics
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Abstract; Judgement of crop water requirement just by soil water content is not competent, which is
closely related with crop yields and water use efficiency. Corn water consumption and yield in response to
mulching method (M1 : fully mulched and M2 partially mulched) , and irrigation amounts (Il and 12)
under variable drip irrigation lateral spacings (Al: 1 m and A2. 0.5 m) were investigated over two
growing seasons in the Hetao Irrigation District under arid growing conditions. Results showed that
evapotranspiration ( ET) in partially mulched treatments were higher than that in treatments with full
mulch cover under low irrigation frequency. However, the yields and water use efficiency ( WUE) were
lower under partial mulched treatments compared with full mulch. Closer lateral spacing had no effect on
ET under low irrigation frequency, but yield was increased with high irrigation amount under low
irrigation frequency. The yield response factor (£, ) of the crop water production function( CWPF) was
sensitive to mulching method and it was lower in partially mulched treatments than in fully mulched
treatments under low irrigation frequency. Under high irrigation frequency, k was sensitive to irrigation
amounts, mulching methods and lateral spacing. The CWPF along with WUE and crop yield can aid in

the selection of optimal irrigation and mulching management. Considering k , yield, WUE and costs,
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partial mulch with 1 m lateral spacing under high irrigation amount and full mulch with 0.5 m lateral

spacing with low irrigation amount was optimal under high irrigation frequency while either 1 m or 0. 5 m

lateral spacing under partial mulch with low irrigation amount was optimal under low irrigation frequency,

respectively.

Key words: water consumption;

This study can guide irrigation application for maize in the Hetao Irrigation District.

irrigation frequency; lateral spacing; water use efficiency; crop water

production function; mulched drip irrigation
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RIS T 2014—2015 4E 78 N 52 1l 1] & X g
IRIG U 4T (107°13'E 40°43'N, HEikE 1042 m)
P X JE PR TR AR, 2R R OK R
135 mm, 78 K & 2 306. 5 mm, 4E X IR 9. 1C .,
ML X K E 6—9 H 4y, TTAE W 135 ~ 150 d,
AFH BRET 4L 3 100 ~3 300 h, 2 a 050 B [A] 5 £ oKk 4
A= B AR 43500 R 19. 91°C AT 20. 22°C 5 B fF K
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Tab.1 Physical and chemical properties of soil (0 ~120 cm) in experimental site

LEWE, O HE/ HEREK WSRO AT, NOy Bt/ NHS B/ IO (B2 80 /%
cm (grem™?) /% (mS-cm ') (g'kg™") (mg-kg™") (mg-kg™') 0~0.002mm 0.002~0.02mm 0.02 ~2 mm
0~20 1.4 29.4 0.3 7.3 7.9 8.0 20.0 47.8 32.2
20 ~40 1.4 31.9 0.3 6.7 5.7 13.8 23.0 53.8 23.2
40 ~60 1.4 30.8 0.3 6.3 3.5 5.4 23.1 47.2 29.7
60 ~90 1.5 17.5 0.2 3.0 1.4 3.1 2.0 3.7 94.3
90 ~ 120 1.4 31.3 0.3 5.3 3.8 6.2 15.3 35.4 49.3
L2 Wik RAZE B3 AEE ., DX 4 m x8m, 25/ NXFEHLHES

BB AR (M) 52 58 (M2) 2 B8R 7
Ko BAEIIE T R B 2 A REKOKF (T1,12) &5
2 AN VA AT (AT (A2) 363 8 AN AR B, 45 Ak B

12 {11 60% o AL Ak 2R 3 417 (] 1
Um, A2 4R P HE AP B0 0.5 mo AT 4R FHR B
Yo AEAT A, SEAT 70 em, A AT 30 em, i L
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T2 A7 Bk, o — 4 W AT 7 #E A2 Ab R
W46 47 BE PR, AFHE 0.5 m, " — 45 BT B
ST RAT R A W
(b B S5 T RS 3 X 2 L) #5900 6, b i 58
JE53 08 60 cm 5 30 cm, /N A KE R
Sy LA K R O Sk R 5 T W A
TN (b =16 mm) i 3k [H] FEH 30 cm, B 31 &
mE 1.4 L/h,

2014 4F R B 450 HE R AR 2 PR W R A
TR MG . ST, AR BFRTE 2015 4 RILT &
SHEMERE N . RIS WE K RO RS G W3 2. 2014 4F

S ARA T K HE AR T B HE K 5 180 mm (4 b
BEE VR B 7K S 1Y) 60% ), VR N (] 55 244 b e FE O R I
] PR 45— 25 2015 45y e 4 5 20 HE L - B 4R T
IEHHE 20 em HARZE KL (K, ) H 7% A& 50 o € 5
UCHE KR A 3 d MK — U AR B K
346. 1 mm, 2 4F (1) 56 B 7K S 34 2% N 300 kg/hm’ Fi
P,0, 420 kg/hm’, P, 0, (MR & — 4% ) LA IE 19 B
At A L, NORESWHRE %) %M N
150 kg/hm’ (R 7K - F4 P A, 4% N (150 kg/hm?)
PURZERIER T EK 6 i1 5 LU # it At e X2
WA

F2 BTHESLEBEEKEMELE

Tab.2 Application amount of water and nitrogen of mulched drip irrigation

- 2014 4 2015 4
7K &/ mm MEKWEC i N &/ (kg-hm ™) Jifi N K3 K&/ mm HERWH i N/ (kg-hm ™) il N JEK
1 180 9 300 346 20 300 17
n 108 9 300 208 20 300 17

/N Ay TF 2014 4E 4 H 22 H 2015 44 A 26
HOEME B 2 d JS FE Rl . SR FOK A P52
6 57 AT Ay N T R, B MIRE N S om, 1
i B S 66 600 Hk/hm® 497 Az 4 1R B 0 T
2l A A LA PR G
1.3 HBERMNERE
L3.1 HHESKE

SR FME 1 32 00 R 0 B E K R K 1)
b IBORE 543 O B A Sk AL AR AR Sk E) 174 4k
Lo 172 4b s e HIBOREIR JE 8 10,30 .50 em &b, BE4F,
T HIWT R A5 A HE K SRR K G KA K A TR 2
B, 76 & K A B (11) % ] ECH20 — STE %!
(Decagon Devices, Inc. , USA) 4 35 7K #4 W I 28 &4 gt
7 AR 0 1 S M I 8 P A Tk Y KR
AR R B AT ARME . RIS KRR T R R
KB EFH B R B E PR 1 h,

1.3.2 =&

B S S R RO /N X P ] 2 AT K EAT I
K BORE 5 BOBOKL K, BCE 2 AN 4 ~ 5 d, BRIBUST &
I B A A B A 7 A IR B IO Y 15% 41
BRIk 73 o
1.3.3  FoRFEKH

R FHK B P 120 55 £ K #EK B ET(mm)

ET=AW+P+I+G+R+D (1)
At AW——H5 A0 0] 5 ORI AR X A K R R
B, mm

P—H T WA B K B, mm
[— TR F W KA, mm

R— F W RAR I & , mm
D—A FIM X IRZ BN &, mm
C—— L F W T ARXHEY AR R AP 25 i, mm
AHEFERD JZE T AL 60 em Kb, BOAR X A 3
WAER 60 cm FEL,ZHE 60 cm LLF K
SIMANTHIZ B T o A K A b B2y O BT I
Hoa 5 Xt #4731, B T0 R AR . LR
FAO 56 43 F rf 4 43t i J7 2 31 55, 8RE Bk oK sl i
WEHh 25 AR )2 T 5K 4 2 W [E] 7K &2, 2 Rk )
B 2B L /YL Mg R (2
TERMEm TH I KAMER) KT 35em 5,6
Bk FEAAWZ bk EJ N W 2 B
THEMKNERR A RBENEAM A 1 m, i
2 R K AR 4
1.3.4  1EWK o SR KoK o3 H 77 B AL
HF E KK 4y F) FH#HE ( Water use  efficiency,
WUE ,kg/(hm®-mm) )& AR K

Y
E=—oH 2
WU BT (2)

A Y— A E K R kg/hm?
VEWIAK 43 A i Rk

Y, ET,

1 —Z:k},(l —EiTm)

A ET,—1VEY L Prze & 78

ET,—E ¥y i K36 & 75 ik i
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1.3.5 43zt

BN Y SRS i X (B R0 2 € TR =L i e L
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R Fh - AL AR 25 S8 Al A 7 BEORE 2R T LA KOK
TN T35, A 8% KoK i A AR 4 A 5 0 ) o
TR, N A 3 A0 456 4 17 R M A B R A
BENGE % it A 245 L WSOAR K B o TR T AT SF . IR
A FZRE T ERFFRLMCA o AL TH FUFFRL A B L
ANSEFEHRAZ R =8 b

I LSD Wik A7 4b W) 2 & L3¢, P <0. 05 N
MNAFAEN] B 25 5% o /B TH R SPSS 15. 0,

2 HRE5H

2.1 ARBETHEEARMNEEREBSHZN
AR EMSO i 25 W5 ) ¥ 4 49 5 7K 5 e 7] 0
02 F 00 K R OR B R S T ) K A
BT ELIAR 2 a s 0 o B P 8 R & AR b HE K 4 1)
WETBI. S4B ET L3 3, 2014 4R K
SHHE W AST 2, T Y IR B X BT B R W T VR
BHEBE TR RYIZE ET W EERE, XEH
S DAL Ay 98 SR AU 55 1 3 9 B X - 4K 43
SR, K AL R, B Oy S0 ET 6 W .
AT AP AR D T LT K SR T AR A
KA B 2 T B %, 3 G A ) 2 R
B HEAh AR A ELBT T KON K 4 1 b
g T 2014 4F K AR 7 K 552 84 mm, [ K [N
ZORT] W o bk = 2 I [ A P B K Ak B R B
JEJ7 SO ET JE W i 0 T AEAR K AL B R, ok
WA S ET & T AR, A%,k
R 5 R R I R AR N T 25 em, 0L F A
RSN, LR G ET ML BIR K. AR, & %
oA I R A B AR KR R A b, BT 8 45
WIFEETE I B8 55 B A B ET AR T2k A
SEAbEE, i FE 3 8 AT A AR AR AT, A
B35 N A% b B K A B KA W RE R R R K,
T 2 78T 5 A1 98 R Ak B i - K 40 T R RO
BALEIE T B R4 HT . 2015 4R SR IT 5 4 0K A
2, HE K i ) B X ET R0 2 1T Ry
A6t ET B SEM R 3 A X s 1R T 5
T R O 1 9 K 5 A ) B X ET R T
W5 T SR ET BRI . R 80 S T
AR 1) B A 45 /N 35 S W AR BT 40 /0N T 0 1) B 4
oA X 90 gl 20 A 2 53 AT B i A R
FEAK TR, B S BOET e (A5 TE 35 0 2,
A5 1) B /) 4 ALk 3 4 398 5 K % 5 A B /N 3 2 B A/
F 37 T I T DA AR 2 K 43 T T 26 I

R3 FRABETHEAXTEERZBE(LET)

Tab.3 Maize evapotranspiration of various treatments

in 2014 and 2015 mm
o abam SOKE Wk K
A AL
Al 180.0  82.6 28.3° 281.9*
" i A2 180.0  82.6 53.3" 315.9°
Al 108.0  82.6 36.0" 226. 6°
= A2 108.0  82.6 40. 1" 230.7°
2014 Al 180.0  82.6 39. 7% 302.3°
" i A2 180.0 82.6 40. 7" 303. 3°
Al 108.0  82.6 71.8° 262. 4"
2 A2 108.0  82.6 68. 8" 259. 4"
Al 346.1  13.3 59.6° 419.0*
"l i A2 346.1 13.3 8.2¢ 367.6"
Al 207.7 13.3 39.7° 260.7°¢
= A2 207.7 13.3 44. 6" 265. 6°
2015 Al 346.1 13.3 33. 8" 393.2°
\» i A2 346.1  13.3 0.5¢ 359.9"
Al 207.7 13.3 58.7° 279.7¢
= A2 207.7 13.3 27.6° 248.6°

T RS [R) 58 2 7R 40 B ) 22 57 (2. 3% (P <0..05) , T Ao

Fﬁé‘ﬁ%o
2.2 AEETHEFANEERTE . KSFAK
RR R

AL A K AR AR (WUE) K=
W4 AEARAE MR R, K b PR AR B 4R S
YEY) 8 5 WUE, 1M 4 5 40 35 00) 52 W] 2 42 = WUE,
S PEAL PR — 5 RSN T, S — s> T OET,
P32 & 7 WUE, J# 2l (8] BB 76 & 7K Ab 3R 2%
HEY) =5 WUE: “ — & i7" Y = a s
WUE 5 o fHAS B2, 76 @ 0E B N R
Yyyede K WUE X BE it 28 1 5 =3 W Al a) B 7
e 1 52 B 5 Pk MITLAT 4b 3 7™ 6 fi ey, 2R 1 WUE
AR MII2A2 M212A1 4h 377 5 fe A%, SR 1T WUE #%
o FEUTA AL EE , MII2AT M111A2 M2I1A2 Ab
PR [F] i AR A5 48 = AR - ik 5 WUE,

B 8 AT & M, 2014 AR i WE A A DR B 5 B
HE 7 368 77 e Ll R W AN S T AR K AL B 4 b
(L3 ~L9)H BT REKLEI(2.1~2.7)(F 4),
X 158, HF AL TR A T R 1 9 R 2 ) IR
TS R T A sk 2 o X RN O AT 6
7K CHLZRAE 2014 4F 5 LR (5% ~12% , 3 5)
HICXT = BB S AE A B . 2015 4F M = 5 3
R 22X 7= B b 1) 5 AR K T 2 /0N T E ) B
REAR T =t (36 4) o X Rl 2015 454 4b
B o 2 5 N K EL U /0N T TR A T B D KT v
WA (EKS)
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Tab.4 Grain yield, water use efficiency and ratio of output to input under various mulched drip irrigation treatments

e Feft/ (kgehm %) KA R (kg hm ™2 emm ~") 4
2014 4F 2015 4E 2014 4E 2015 4E 2014 4F 2015 4
Al 14720. 6" 17 530. 3" 52.2% 41.8° 2.7° 2.9°
- 1 A2 17 976. 1° 16 486. 9™ 56.9° 44, 9" 2.7° 2.3
Al 9762.9¢ 16 295. 6" 43.1° 62.5" 1.9" 3.0"
2 A2 10 078. 3° 14213.1° 43.7" 53.5" 1.6" 2.1°
Al 11 686.7¢ 16 444, 4™ 38. 7" 41.8°¢ 2.3° 2.9°
. " A2 13 373.2° 17 182. 8* 44.1° 47.7" 2.1 2.5%
Al 9072.9° 14 911. 3" 34.6° 53.3" 1.9" 2.9°
2 A2 8171.7' 10 486. 8¢ 31.5¢ 42.2° 1.3¢ 1. 6¢
£S5 AELETHEAZEH(2014—2015)
Tab.5 Cost of all treatments during 2014—2015 JC/hm’
AR Ak 3 T W A b 7 ke K2 K5k i 2% AT 3% RIEA
Al 1500 1 600 825 1730 1800 360 1012 3000 11827
i 1 A2 3000 1 600 825 1730 1 800 360 1012 4200 14 527
Al 1500 1 600 825 1730 1 800 216 608 3000 11279
2 A2 3000 1 600 825 1730 1 800 216 608 4200 13979
2014 Al 1500 960 825 1730 1 800 360 1012 3000 11187
0 i A2 3000 960 825 1730 1 800 360 1012 4200 13 887
Al 1500 960 825 1730 1 800 216 608 3000 10 639
2 A2 3000 960 825 1730 1 800 216 608 4200 13339
Al 1500 1 600 825 1730 1 800 692 1945 3000 13 092
. i A2 3000 1 600 825 1730 1 800 692 1945 4200 15792
Al 1500 1 600 825 1730 1 800 415 1167 3000 12 037
2 A2 3000 1600 825 1730 1 800 415 1167 4200 14737
2015 Al 1500 960 825 1730 1 800 692 1945 3000 12 452
\» i A2 3000 960 825 1730 1 800 692 1945 4200 15152
Al 1500 960 825 1730 1 800 415 1167 3000 11397
2 A2 3000 960 825 1730 1 800 415 1167 4200 14 097
2.3 AEETHEAXTEEREDKS EFRE kAHFEARS WUE Jhs s il — S 45 21 2 IR i

YEY) =& \WUE DL K 7™ 48 B AT LA S BT T3
BB i 1 o SR, 6F 07 16 45 SR 1) 43T L B e 24 1)
B2 I MAE G K I B 25 ik . VR K IR B
A LRI K oA 7= s & AE T TR IR (1 1) o

0.6
°
0.51 .
o*
0.41 °
5 8 . o 20144y=1.29x(R*=0.55)
Z° 0.3 o 20154F:y=0.59x(R*=0.53)
i — 4 (2014)
T 02 - AHEQ015)
o1{
o __o~ o
b o
0 0.1 0.2 0.3 04 0.5
1-ET JET,
Bl 1 2014 421 2015 57 FKF2EXT ET 1Y 5 R 5L

Fig. 1

Yield response factor (k,) of spring maize in
2014 and 2015 growing seasons
VR AE O B 5 7K 3038 52 K o3 W38 25 3 i K {H
AR AR 6 AR AR R AT (2014 45

QbR R AE(2.92 ~8.13) fm TR KA s AL PE (1. 62 ~
2.38),1m WUE R T2 (£4), XK
TRATVE R 25 F T, 2 AT 55 19 K (% I 8 17 R] B 7Y
M) 7 AN 3 T 4 FRE i 1) K 0T 3 K S B o AT
(] S ) A 1 289 A8 I 2 o X R IR L o TR S, A
7w AT DL B ARV WEAS 2 X F K I K 4 ik 3E o AR
THE 7K S P 0 T R e B R BRI K R S B, T
T v AL K i 23 UTE K VD ST (60 em 4b) TE
JRLAK G B i 1012 2 A K R 3 u g
VED) A= 5 3 1Y 7K 43 JB 38 4 AN Ko iR 9 17 ] B X6f
e 352 W) AN 3 255 3 g TR Sy 0 Q0 AT 3 A 3 i 9 A 1)
FEX] ET 052 /N (3R 3) o 7E 2015 48, 5105
BT T AR 2, AT S B0 3 A R 2 %
kASZ A TR, M2I1AL 5 M212A2 4bFf k{4
i, 20 2 1,01 50,99, Ho Al 4b PR k(R FAR
X U B AE i A AR R, 2 R o A I R
K 55 HE R R BE A AH G, AN BRI R K o+
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Tab.6 Yield response factor (%, ) for various

mulched irrigation methods

b3 2014 4 2015 4
Al 1.68 /
1
A2 / 0.49
M1
Al 1.62 0.19
W
A2 1.63 0.52
Al 8. 13 1.01
1
A2 6. 42 0.14
M2
Al 2.92 0. 45
i
A2 3.05 0.99

W/ Ron i ET B i AR AL B
3 itig

] A AT 5 2 1, s /0N 37 90 4 1) B 41 i R IX
R B, BT 4R VR Wk B0 R K
BT AT GT 2 W IR E AR A B U R R K R 3R
5 1 D% 9 SR A0 25 R ik 2L R S A
I A5 25 8 R k2 1) 55 30 9 IR 0T - K 40 10
U], DA TIT 5% Ak T A DR BE W PR 4 ET SR, 7E
PRHE WA SR W E A AT BE 6T ET RS0 5 T A
R 77 S ET WS . 22 i 19 F 55 2 B /N il
AR 1) B 2 (AR IX. 3K A3 1) 20 A 2 4 T
AT M AR K TR R BT B, AR
T, A% H9F 5% 2 W 26 126 0 7000 HE R A 1F T T AR ()
9/ ST 23 AR BT, 53X 5 Z 0 i BF g 4 1 R
[l o 3 B N g A AT Ak B R Xt gk
SO ¥ R O AR AR 2R AT L i i ) A
AR X 3Ky, AT 5 B00 3K Al IS 3%k RSk
TN R A TE R ET HBAG . BT, HE
X ET B8 S 0 1 0 /0 W26 K L ks Ok A B
5B A 76 M = % S [ pe R B RO T A
TR KA B R S S A A S ET BAA LR
F2E S X e T2 KA KRR S AR ZE I
e TR A P AR 6 AR o 4 M 5 b TR AR 0 T LT
TR IR AR Wy A A L e M 5 o o, i
IR Y25 0 i B o o LA, 4 IR S BHLT TR%
TR - HEK 3 RN 4 T 2014 4R K A= 7 0 e K
g 84 mm, oK R Z AR 2 W, bk = S AR
AT 5 K b B R B St ET JC W RS L T
TEMRK AL R, 2 30 36 kb BR A ET 35 T 2 B8 36
REB L, ARG e R R b 2 0 A AR
T 25 em, ik BA AN, R ZE K G OET B L 6R
Ko MR, A TEBE 36 Ab B8 45 5 K v i ARLE AR 9 A K
R WA, AT {645 1 0 25 i A % i 0 e 5

AT ET LT B 55 b 3 [R5, 76 & A
BEAET , 5 o 1 25 S M L, R SO0 R T2
K ETH B S A ZE I W A X ET W52 AN K .

T WA 5% 2 B PR Ak 7K 55 T KO0 R 1 4 6 T
DR E VR = . SR B IR K 45 L,
T ET A T KT 5 K U R 4 A R 5 HE TR T AR ) B
TEY) = B2 o X 32 B P R K B R R R
VA % i E i 8] B - S3E YR Eb A R R AR PR ) K
RO BAT A 1 A I I R PN A K R4 A 4 ok
— R WAVE AR e A K T AR IR 25 i AR
Nk R

MRAREWEAS 20T, e A 55 ET AR F2F I 35
SRMTH R WP i BT 2 o5 B 5 ) WUE,
SR A SE R AL, R RE A B X ET
A R N T A /N T = 2 S = o L B (57
) WUE @& F 8877 o R/K b 3 8 SR K 43 =5 i
W d (Gl 2o 38 5 AR W) H — 8 XA T 7 Ak B
FKAF T A v T T A 0, DA T R A B 2 K 43 4 A
TAEY R AT, M AEAE R KB L T IX 7,
AR PR 277 A KR AR B R R T AR 25 1
TR, A AT L B KR T 1 K AT
TE BT 7K 7R S R A 3t T 2 VR AR X 58K
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