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R RAEGEEA T T HRE 12.6%75 39.10% L HEKER n (EWE = TR BRABHE KRR
ELETHELAET, BALAIE3225m’ - hm™?) NERBFRAFE,FH N 5468.57 kg - hm™ {2 5 & k4 (2 700
m’ - hm?) BB FZE F(P>0.05) ;T FALIE(] 920 m® - hm™) 3 7= B & ok, Btk Simk o = E TR S 15.65%,
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$ 8513.77 76+ hm™, =R W AR A Sk v AL BT 4R B 15.30%

KRB JE TR N R W20 B, & KA B R

FE 4 HS.9275.6;S512.1;9649  XEAFREFD:A

Water and fertilizer utilization efficiency of multicropping wheat and
broccoli under drip irrigation and film mulching

TIAN Delong', HOU Chenli'*, MA Xin’, Chen Hongfu®
(L.Institute of Water Resources for Pastoral Area, Ministry of Water Resources Hohhot, Inner Mongolia 010020, China;
2. College of Water Conservation and Civil Engineering, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China;
3. Inner Mongolia Water Conservancy Research Institute, Hohhot, Inner Mongolia 010018, China;
4 Inner Mongolia Baotou Flood Control and Drought Control Center ( Information) , Baotow, Inner Mongolia 014030, China)

Abstract ; From April 2017 to September 2018, field experiments were conducted to study the effects of differ-
ent irrigation rates of drip irrigation under film on the growth status, water and fertilizer utilization efficiency and
benefits of multicropping wheat and broccoli, and traditional border irrigation was used as a control. The results
showed that drip irrigation under film-mulching was beneficial in increasing crop yield and water use efficiency, and
compared with traditional border irrigation, the average wheat yield and WUE increase by 12.62% and 39.10%, but
with the increase of irrigation amount, the effect of crop yield increase decreased and the growth rate of water con-
sumption decreased. Under mulch-drip irrigation, the maximum yield (5 468.57 kg + hm™) of wheat obtained by
high water treatment was not significantly different from that obtained by medium water treatment ( P>0.05). Com-
pared with traditional border irrigation, the yield increased by 15.65%, water use efficiency and nitrogen partial
factor productivity increased by 40.03% and 15.65% , respectively. Mulching drip irrigation was beneficial to sup-
plement soil nitrogen pool, increase soil fertility, and the average consumption of N fertilizer in soil decreased by
25.52% compared with traditional border irrigation. When the drip irrigation quota was 4 620 m® - hm™>, the aver-
age net output value of wheat-broccoli was 8 513.77 yuan - hm™>, higher than that of traditional border irrigation,

and the average output value was 15.30% higher than that of traditional border irrigation.
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[ RF KN 229% (& /KR A B LT /KR
300 em AR, AHLE 7.51 g - kg™' HEA11.33 mg
- kg™' AW 31.11 mg - kg™'  HAH 122.68 mg -

ke ABERGELZIEE 1.2 m,
1.2 Rt

/N KR 4 5 RN T S 8%, & E
300 kg - hm™, REAT B R« —PEFHE T A0 BT T
HERES, MR 98 170 em (B4 J5 . 2884 I, 2 0.008
mm ) T )R 60 cm , P B [B] 47 5 A0/ CEE R Ry
12.5 cm, BEREIEFP 12 17, THHEH a0k = (4h
#£:16 mm, BEJE 0.3 mm) , WA 2.4 L - h™' i
FLIEIHE 30 em, TAEE J1 50~ 100 kPa, H&FF AT A
JE A LI 30 000 ~45 000 kg » hm™, J 0 i AT
WEER %% 375 kg - hm > FIJRE 75 kg - hm™, 243
LG FN T 2k 54% G Fh il 450 kg « hm ™ 35 F
T A i A B R — % 525 kg - hm > FIIR K 75 kg -

hm ™ BN/ NZE -V 22 A8 R 00 24 A 3
FREWEE B0, 43 50 A K b B oK b B v K Ak
PR AL G mEE S HE /K R R (LR 1) K
YR KRR O :0.001 m*) |, /NE 5962448
TR BT, /INZE T8 0E 7 O, F 3 7 d T EE 1K,
PE2 BT HE 7 B8 AT HE 1 R, A IR 3
WEE L 12 /N BA/NXK 50 m 57 m, £
A FRREHLHES] , HAS/NMX B 50 em P YRR AT
2 a/NEREFPEFIR] 2058 2017 45 3 H 14 H 2018 4
3 A 10 H ;Ykad 40518 2017 427 H 10 H 2018
T H T H, NEWER)E, RS ~6 d, Bt
(BB S em) R 246 (H i 115 ,5~6 FEI)
PE2TEMRE R T O SN F , BAME AR, B AR T
BIHEAT 1 YT BEAMES AR B I 1] 4300 Sk 2017 4 7
H 28 H 2018 4£ 7 H 22 H ; Wikt ] 4351 Ky 2017
410 A 10 H 2018410 7 H.,
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Table 1  Experimental design of different irrigation for multicropping wheat and broccoli under film-mulching drip irrigation
/N Wheat V4 =% 4E Broccoli
: ry NGB E " : ST e A\ BIEY T S
it M N foniliner BIEUCECCERT) | MR e N ot BIUCECCETE)
Treatment Irrigation quota o i Times of fertilization || Treatment Irrigation quota o i Times of fertilization
3 Y application amount i 3 Y application amount .
/(m’ « hm™) / (kg - hm™) (‘growth period) /(m” « hm™) /(kg - hm™?) (growth period )
te}
W 2175 480 : N T 1665 525
‘ 45BN S ‘ 3% (. 2
W, 2700 430 AR ) T, 1920 525 ﬁﬁjﬁtﬁ R
4 (tillering, jointing, ;;U] G
W, 3225 480 heading, filling stage) T, 2100 525 G ) )
A 3 times ( seedling,
DRI JER) rosette, bud forma-
CK 4200 600 2 (jointing, filling To(CK) 2100 525 tion stage)

stage )

T B NE T RIS T 7K 15~20 min, P54 52 51 74 e 1) 16T 4 S Jonn ALt RS SR v, 38 1 58 0 #5905 1 7K 30 min, T DR IE, By 1B 3% 2

ik .

Note: Water should be drip irrigation for 15~20 min before fertigation, and then solid fertilizer dissolved in water in advance should be added to the

fertilizer tank. After fertigation, there should be another 30 min of drip water to clean the pipeline to prevent blocking the drip head.

1.3 MERNBERFAZE
1.3.1 AARFEAaE  SEEE. DR
%3 (HOBO-U30) H k4, & A4 1 min Il —
B 60 min ¥ —IK, 10 AU A AR AR BE
P gL B N B 7T B NG WA S A 5

T E KA R T PR E A A O
T TAT T 1) 1 7 AR TR TR A T BORE . AT B 4
Fh 2B SR EE ARARE 10 d U — 1k, E K KR RN IS 12
homi . B+ J2EREE R 0~40 em, 4 10 em B 1 A
F£540~100 cm +J2% 20 em B 1 MFE,

TN P EE AEWERKE G, B0 %

B3 AN s B, B AR T, B, 32 1 mm
i , SR S AR AT WG4 OB EETH(UT-1810PC A1) il
S SR A R AR

INZE P AR AL HER 3 A R S
FFELLIC 10 #R/NE DL SRR MR 2 BEEAG RRET dE
[ AL BRBEDLE 1 m® BEJ5, A7 10 em HT ],
BT RN, KRR IS AR R RS e, T
P A ™ &

V2217 i AEERIE R R b BRI 3 A4S
ARSI S BRPE 2246, 6 RO H Rk Bk
1o ERL A BR BLAR ) B R R PR P 2% A6 fif TR



124 T XA 5T

o538 &

A, IR A W R
LR AR DS A AL B LIS A2 MBI
WML T TR K 2% AEY 5 08 A 45 5
(B 2017 4F 2018 4E SR RN 46 25 6
TG XA TR B A% B AP WO A 5 e ) L 3
FAEDFEN 7= B L, PR H S B S R
FEBEA B HAE,
1.3.2 AAEFARt 7%
(1) £ /INXFEIK R FH K RSPk
ET=AW+P+1-D-R (1)
[ ET HFEK S (mm) s AW S5 T HEFUK & (mm)
P AR EEN # (mm) ;7 HEEME (mm) ;R WG
i (mm) ;D MR K GRMNGS BAIB A (mm) o B
T B a0 X & AR R 2 B TR, b T 78 U
J(R) A] ZBEAT s B THEWE T oA | HAx X 3
MR KA AE 3 m LR, B Z 0% b T K kb 25 F B
(2) KA FIHBCERITA.
WUE = Y/ET (2)
Af WUE k3 FI IR (kg - hm ™ - mm ™) ;¥ g
P (kg » hm™) ;ET HFE/KE (mm)
(3) RIEMA: 1 (PFP) 5.
PFP =Y/F (3)
LY MR (kg - hm ™) F HANEHE A& (kg
~hm™),
(4) TEEFSHRITA,
N =0.15%X667 Xy XhXm (4)
K, N TR S (kg - hm ™) ym A HHEFR
it (g kg™ ) sy M HIERE (g cm ) ;o HO ~
40 cm HJZEFE (em)
1.4 HELE
K H Excel 2007 filfEEIFR, H Spss 17.0%8 42
TR Ty 22 00 WA 25 53 18 3% MR AR5 (G
WA ZE R IR T 2 A, R Ak B IE) Y 22 5
B

2GR

21 BETHENEEMRAZIENTEREHWK
B

HEOK BRI T B X AR - A N &

2017 4EF1 2018 47K 2 % /N2 7= i e oA il B

SR A A A AR (2 2) , i 36 2 AT, R TR

SAE T /N B K 1 in e e S A A N

B E R S e AR A — 3 b w2 Al
W3 AbH = T W ARBR(P<0.05) , T W2
W3 AbHE = 50 3 25 5 (P>0.05) 5 {IR/K Bk
INZE TR a IR 14.05% , 1K BIE K 2 a /)
F P P 5.40% , 3% B E 7K S = ARG I ) 7=
AR, (E BV K A 8 1G IIOGT ZINAZ B3 7 50 B
W/, 2 a BRI/ INEE OS24 7 5 086.15 kg
~hm 2 BAE G RERE R 12.62% , Fi 2 a W2 Al
W3 AbBH/INZ P i A AL 2 mEVE T 35 43 Sl 3 7 15.28%
M21.49% T HE/NZZ 2 a MR FERECR B o
P B, AR Ge e VE T 1 43 B 1S 3..09% |
11.02%H1 2.71% ; A] LA ) Hb 55T 55 38 5o i3 + 48
IKFIRZS A AR P A K Rk T ) IR A R e
LALTHEY = aE

INFZWOIR I L H AR G B B R SE A 1 2 Rl 2
16, 2 2 AT R ESRIE T ,2 a PU 2240 i
TR GEMEHE R I 6.04% , TG % 4% 7= il v /K 2 4 K 2
SeHE g DN, MK B K P 22 4675 R 2 a
SEIHE 27.90% , T K B =K PE 22 467 5 2 a
SEIE/N 3.19% , W2 AbBRAEER EAR B T W b
FEAT W3 AbBE(P<0.05),2 a 43 B34 56.38% #il
15.29% , U BH P = 46 7=tk AF — 5 315 Pl PN i 7 /K o 34
MG 0, 10 VE 7K 3k et 2 0 74 22 A6 77 3N B
W BB SHOT R, X S5RmE WA
— 3, MFEAGKE T, BT W3 A2 &
R TAEGRENE (P<0.05) ,2 a8 AL G MERE 77 B 1
B2 11.98%,2017 4F bk 22 TC 0.3 22 5, 1M
2018 Efkm ZEM M ZE K 22 5 3 KA B Az K
AyBRE,2 a 7= A AL GEmEHE T I FEAIE 9.49% , HioK
Aab T 5 G e A H B POV R, 2 a P HA
K 15.65% , AT VLG HE S F )y X b IROAT o5 78 PR AR K
STIEFER R I I AT DL 3 5 79 22 A6 77 i H ) 5 K
SFEOG A0
22 BRTEENEEMEZLHKIBR HRER

5 DX R T ek D PR AR R K R
FHRCR R F AR08 36 3 R i o /N2
SRV 22 A8 AR A B A FE 7K R S K AR R %
2 3 AL BB TRV /N A B BG4 AR R K B 5 K
HEEIEADCOCR K & MK A B3 i 3 v K Ak
B2 a AINEREK K 7.72% , KB K
Ab TG B K AL BE 2 a /NEEFEOK R OE K
6.36% ; I T HE K 4 I A3 35 A% S0 mE - 1 3
T139.10% ., S FPVG = AL RERE K B3, VEWFE K &
RIS ARG IR T . K AL S



5 4 1] MBI AT - IR N R HE /N2 =4 22 A8 2 MoK AR ke 125
R2 20172018 FETHENEEMEZEFARNLEN"ERRETEER
Table 2 Yield and yield factors of multicropping wheat and broccoli under different treatments
of film-mulching drip irrigation in 2017-2018
1EY Ay gL FE G/ cm K/ em AL HAE/ g 78/ (kg - hm™2)
Crop Year Treatment Plant height Panicle length Spike number 100-grain weight Yield
Wi 74.58b 16.10a 445¢ 4.40a 5637.82b
w2 72.38b 15.32a 578a 4.72a 6036.35a
2017 W3 76.37a 15.69a 584a 4.78a 6404.87a
INGE CK 70.19¢ 15.50a 502b 3.96b 5367.68b
Wheat Wi 74.20b 15.9a 446b 3.80b 3576.79b
2018 w2 74.40b 15.3a 522a 4.34a 4328.83a
w3 76.40a 15.7a 541a 4.21a 4532.27a
CK 72.00b 14.9a 434hb 4.12ab 3665.17b
1E® Ay Kb M=/ em ZEH/em ZK/em AEBRE AT/ cm FEE/( kg - hm_z)
Crop Year Treatment Plant height Stem diameter Grass height Diameter of primary head Yield
T1 47.00b 4.05b 22.12ab 9.40d 12028.24¢
2017 T2 50.80a 4.68a 22.88a 14.70a 16191.34a
T3 47.90b 4.20b 21.60b 12.75b 15729.19a
i=via TO 47.80b 4.20b 22.50a 10.05¢ 13542.75b
Broccoli T1 48.05b 4.86b 26.00b 9.02d 12168.65d
2018 T2 49.40b 4.94b 26.80ab 11.16a 14746.68a
T3 51.30a 5.13a 27.73a 10.44b 14227.79b
T4 49.08b 4.28¢ 26.13b 9.84c 13197.60¢

TE : [ FUAN ] B 3 s Ab B R) 22 5738 B /K- (P<0.05) , R Il

Note: Different letters within the same column indicate significant difference among treatments ( P<0.05) , the same below.

®3 ETHENEZEMEZEARLLEN
FKERKSFI AR
Table 3 Water consumption and water use efficiency of
multicropping wheat and broccoli under different

treatments of film-mulching drip irrigation

Fekid  ROAIAIRCR AR A )
e Ay Adba Water Water use  Nitrogen partial
Crop  Year Treatment consumption efficiency factor

/mm  /(kg « hm™ « mm™")productivity

W, 357.19d 15.78 a 11.75¢
W, 394.98¢ 15.08a 12.58b
2017
W, 415.18b 15.43a 13.34a
INKE CK 464.80a 11.55b 7.95d
Wheat W, 355.09d 10.07b 7.45¢
W, 372.34¢ 11.63a 9.02b
2018
W, 400.86b 11.37a 9.44a
CK 479.45a 7.64c 5.43d
T, 178.87¢ 67.25b 22.91c
2017 T, 226.05b 71.63a 30.84a
T, 229.55b 68.52b 29.96a
2248 T, 257.23a 52.65¢ 25.80b
Broccoli T, 185.94d 65.44b 23.18d
T, 206.07¢ 71.56a 28.09a
2018
T, 251.76b 51.51c¢ 27.10b
T, 265.60a 49.69d 25.14c

K, BAL GEmEE 7= i Y3 K 15.65% , K 40 R
ROE A RN 2E 7™ 7 4% e e 7 4114 T 40.03%
H115.65% , AHFIFEAK ST, BT i 2 Fhpg =2
BN B MEREFE K T IBEAR 7.99% , T T4 #E 7Y
2 A0 R R B AL G E 4 0 30.56% , TE 4%

PR BEVEAK BRI, v K b B K 53 505 HAIOK
AEBFIIEK: 7.93% , = /K AL BEAK 43 R AR e ok
R PRREAR 12.68%

R A A= 7= 7 52 WE K = R0 HE K 5 3R i B
TS i VR A e e VE T I 28.89% , IR A2 a
BT T VB /N 2 R NE O A 7™ ) A% e T B4 4
58.48% , M iV A Y % 46 RIE A A= 7= g Bl 7K

=/
o

IS KR P, AL Ui F- 145 n6.04%

HR A B E R A 7 T K AR e BERE2 a P 343
1K 15.65% ; FIFIE AR SAE T, BT T #E 7 22 48 = K
Ao PRA T 5 e T R NE e 2 7= 36K 11.98% , 2 B e
T HEAS A T B P 22 AR 0 HERL A A AR {H
K i KI5 1 R R ks, Ak 7 il s AN W]
8 DRSS B PV K R A, R REnVE 22 AE T R B
RIER =T,
23 ETHENESEWMAZENIESEEFA
IKATXT 0~40 em 1 JZ AR & 550 2 1
XF40~100 em HZMARFTRILEERW " it
AR FT 0~40 em +JZ N B P IEVEFEE #1750
Mro 24 A 2017—2018 4 [T j5 #E /N 22 52 Fh v
TEANTRIE K b 0 55 43 5 i I 5 25 5 . 7 it JES
FHIFE TG DL N, AN RIE K AL 3 P AE 46 o B AR T i
FE2ES M N IEHFER 25 B3 MK EI K2 a
T3 N T AE 4 0 4.62% F1 6.49% , N HiK
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FF57K 2017 4F 18 N B FE R K 0.9%, 1M 2018
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