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W EANTRETIGEERARERA AR, R FREERARR BA AT ELTENTES
WMEFEEXFRET ERBRFEART, KRBT T EEHRBEAT 2 131~3 847 m® - hm™> 4 9 M K & H,
BEARRIN0~11 K, B AEAEHR 150~450 m* - hm™, BRANEKATYNEKE LEEAKE FESHIFNE
MWy ERATHEEEKETMAE AL TNBREXERE FREXRERATLEEXEFRRN FHAKES
FENXR, #RET EARNE0~40cm 2 EEKEHEFEZEF,40~100 cm Z 7 F B F; 2R ¥EAZEH N 225~
375m’ « hm P HERAELEFRBAREF, TMEREAEHN 450 m® - hm B ERAKFREZBRAMNBAL,
HAKEEERFR FUFEHNEEME R 25 4075 f10.82, & L HEAKEH 3402.3628 m* « hm™Fr 3 847 m’
- hm L, FEA A 14 062 11 717,12 889 kg « hm™  #F fr fn 3 e 7= & 3 W VE K BB T ok 2, R K 4 P 5 4
A 2.46.2.01.2.14 kg - m™” ;M M KT MR EKREKN BT AM, EATH N 300~375 m’ + hm™*; 3
B35 X E R 10~ 11 0k, K K B 3 405~3 660 m® -+ hm ™,
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The formulation of drip irrigation system for corn in Yanghuang
pumping irrigation area of Yanchi County

WANG Wen,Zhai Ru-wei, Liu Ping, Liu Xue-jun,Bao Zi-yun
( Ningxia Hydraulic Research Institute ,Yinchuan, Ningxia 750021, China)

Abstract: In order to improve the water use efficiency in Ningxia Yellow River irrigation area and promote the
application of drip irrigation technology in corn production, a study on corn drip irrigation system was carried out in
the Yanghuang pumping irrigation area of Yanchi County, Ningxia. The experiment included 9 gradient irrigation
treatments of 2 131~3 847 m® - hm™ with single factor fertilization level, the number of irrigation was 10 times,
and the irrigation quota was 150 ~450 m® - hm™>. Through monitoring the amount of water, soil moisture content,
maize yield, and the changes of soil water content during the growth period of maize, the water consumption intensity
at each growth stage, the soil water storage under different irrigation quotas and the annual irrigation amount were an-
alyzed. The results showed that there was a significant difference in soil moisture content between 0~40 em before and
after irrigation, and there was no difference in 40~ 100 cm layer. There was significant water storage when the irriga-
tion quota was 225~375 m’ + hm™; at 450 m’ + hm™, the irrigation water had deep and side leakage. The irrigation
amount was positively correlated with grain and silage yield with R* values of 0.75 and 0.82, respectively, and at
3402, 3628 and 3 847 m’ - hm ™, the yield was 14 062, 11 717 and 12 889 kg - hm™. The grain and silage yields
decreased with increasing irrigation amount. The irrigation water production efficiency was 2.46, 2.01 and 2.14 kg -
m™, respectively. The filling period, the tasseling stage, and the jointing stage were key corn growth stages that re-
quired a water demand of 300~375 m® - hm™. The optimum number of drip irrigation in Yanghuang pumping irriga-

tion area of Yanchi County should be 10~11 times and the irrigation quota should be 3 405~3 660 m® - hm™.
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Ehth B4z v X T 7 2 B X A A
MRt iR 19.6 T T, HHEAVLRR AR 3=,
FRHEWE FOKFIAE AR 5 70% A4, il 290 X &
JEIRZR — 2 K BRI AR X B =, DA 09T b di ok K R
Pty , 730 25 3 it B 119 3 I FH 7K 48 A 8 47 08 D
TR KRN, B L T R K RE T 2
WA far A2 A7, T KRB R W B R, s 7 s 2
WU SRR ZE A B — | TOKIR T mEE AT
FEKTEME RS (] A e 7 R /K B i, 7K B TR IR 9%
FEED) VEMEARUE AR R KR E 2 A X
WO T ORUE FORVERE, 2 o AL VR« K 2
Pl PG 5 DU AR B I A HRCRAR, RV E K A= 7™
FN097 kg - m”, TRHEEXEFET EKE
FEYAHE' | B K PR AN FEHE IS | T o B g
S, TEE| X B KR EAA SE 15 000
kg « hm > PL b= KB 0 (B A O B
2 M T KT T R S AR DT IR i e £
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A IR L) RS T T RE A R DX
TR SRR AR T T A K R ORI g IR
FITRE 7K RE B0, 2 S0 IR 2 b DX 39 AR 3 3000 A B0 AR

1 R XA

RIS X AT 7 H iR BDic il & =84, i
4 733 hm?, J& T E TR AR, BRI E KA
TR WEEAKIR T BRI E ok TR =T 3
I K18+700 45 [ /K i HR X 10 000 m® I E /Kt , 4%
FH/KFEFR 710 000 m®, ZFE MRS U8 e , i F
IKBRPRSE R, 2016 A S FE RIFL 2 333 hm®,
IR IXAE H PRI %L 2 867.9 h, K FH A 4857 141.59
Keal + em™, P50 8.5°C, = 10°C FHIR2 944.9°C , ¢
FEHA 128 d, HHEFUHOMAbEE L HIERZERRS £+
T, 1 3R2 AL S AL, AR 2016 4R FOK
FERT IR AL IR 45 1, AT L & 12,26 ~3.71 ¢ -
kg™, 4245 0.263~0.404 g - kg, SEIN A HEZR T 1 500
kg« m” HEEEKE 12 %4, FEEAKREEN 4—9
A ,1971—2000 4 F- R R &~ 235.3 mm, 2015 4F
2016 4R FREA33) 275.9 mm F1213.4 mm,

2 PR

2.1 mM5iREiEiT
MR F KSR N BE B 9 5 4 A F A RECT %

VR B AL I A TV e A G e 2 i E UK 255
m’ - hm™?, FRRHTEETAAE, 5817 70 em, 17
28 cm BRI 20~22 em, FEIEEE 92 805 # + hm ™,

RIS /INX A FE R 50 mx7 m, SR B 26 A 7k
- ZWEACE A A RIS 9 MK
FRRE  BEANERE A2 225~300 m® - hm ™, B 2 K,
FookA: F WA K E B 150~450 m® - hm ™, %11
FEAK 11 WG A 5 H )R 27.3 mm(>20 mm) |, 52
PRILHEK 10 O, BRI 2 131~3 847 m” - hm ™,
BAYRJEE K ) S K LR 1,

PO AE i B A HE 8 675 kg + hm ™, Hiff N -
P,0, : K,0=375: 180 : 120, T A 3% Ff i it o AE
R %% N : P,0,=64.5 : 180, B AR FH /KB IR &
MBERET N : K,0=310.5 : 120, iR 5 [X 5% kb B )
it BB K S — 350, ARy 28 L2 2,

2.2 IERRNESHES T

-39 KB R B PR2. A 3] i 7K 4 3 A S
I KR A A B e U0 DX I B PR 5
L3 AUEH 20 A TR I 5 A A B A K
PRI LXS g3 K Fit i ##8 225,300,375
450 m® « hm™*4 MURMF K CHERES 8 h T2
ST e A R YL R, ) Excel 07 221, W5
AL PN FZAMFACIR A 3 AN FE 7 D 7=, AR D T
L3 m?, B =
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0.4xW6)/1-(0.1x Y, ;‘l‘ 0.2xW5'+0.4xW6') /1]
(1500 kg - m~>x1 hm*) ™",

IKIFFIFHRCER (WUE) = 775 (G) /ABKEE(Q)
Horr P2 BN kg - hm ™2, FEKEEBAN S m® -
hm™ K R HRCR AL R kg - m ™,

FE/KSRFE (Rate) = Q/ KL, A mm - d7'
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Table 1  Trial irrigation volume
Qb TEIKISHE] Trrigation time (m—d) it
i
Treatment 04-29 06-14 06-27 07-03 07-13 07-28 08-04 08-15 08-25 09-05 =
D1 248 310 365 450 375 450 375 502 397 375 3 847
D2 255 306 375 375 375 451 375 481 268 375 3628
D3 253 301 299 375 375 375 375 473 277 300 3402
D4 257 297 305 376 299 375 300 497 178 300 3 181
D5 251 296 298 306 300 375 300 371 229 299 3026
D6 252 234 231 285 302 378 294 300 300 225 2 802
D7 254 234 233 282 300 300 300 232 219 225 2579
D8 254 233 230 211 225 225 227 224 224 225 2278
D9 257 152 161 212 225 225 226 224 225 224 2 131
®2 KWHELE/ (kg - hm™) 4 B
Table 2 Trial fertilizing amount 3 “HAS
AT WL 31 RETERANEHRAKBOEW
Fertilization time Total fertilization N P,0; K,0 _ . _ N
(m=d) amount EE% RICIR , IEJ#/I\YEﬂ(ﬁIE‘F N Iﬂ*i}%‘f;ﬁ@f
04-21 2445 64.5 180 0~10,10~20.20~30.30~40 cm /KA AEK)G 1
06-14 99 69 30 o e
0703 % e 0 KA 3 22 53 (P<0.05) ,40~60 cm FR D2
07-28 99 69 30 1 D4 SMEEEA 2253, D2 . D4 HIEE K BT
08-15 0 ® W (R TR S AT, BT 2 1313 847
09-05 34.5 34.5 3 e e L i A
*h XF 0 ~40 e i
/T Subtotal 675 375 180 120 r_f_l’_ . m {%7}(% T . Cn‘l j:};j: e 7kiﬁik
ZSOM N 40 em LT S2IRE/N
®3 HEKEARELELEEKE %

Table 3 Soil moisture content in different soil layers before and after irrigation

b B 1 )2 Soil layer/cm

Treatment Before and after irrigation 0~10 10~20 20~30 30~40 40~ 60 60~100
DI Before 8.3+3.3b 7.1+2.8b 6.3+2.7b 7.8+7.4b 9.7+4.7a 13.4+2.3a
After 11.7£2.1a 10.4+2.2a 8.5+2.0a 9.8+8.7a 10.6+5.2a 13.4£2.2a
D2 Before 7.9+3.3b 6.1+2.2b 5.4£2.4b 3.1x1.5b 13.4£3.1b 12.7£3.2a
After 11.3+1.4a 10.5+1.4a 8.3+2.2a 4.3£1.9a 14.4+2.8a 13.4+2.9a

D3 Before 9.2+3.6b 9.2+2.8b 5.7+2.2b 6.5+3.4b 13.2+3.3a 8.1+3.4a
After 13.3+1.2a 13.3+2.3a 8.8+5.2a 8.0+2.6a 14.3+4.0a 8.1+3.0a

D4 Before 8.6+3.4b 7.1£2b 7.5+4.4b 12.3+3.3b 14.0+2.6b 9.0t1.7a
After 12.4+1.5a 10.4+1.3a 10.2+5.6a 14.5+3.2a 15.5+3.4a 9.0+1.2a

D5 Before 8.8+3.1b 8.4+2.6b 3.0£1.9b 3.7+2.6b 10.5+3.3a 8.0+4.8a
After 13.3x1.1a 11.6+£0.9a 4.7+3.6a 4.3+2.7a 11.2+4.0a 7.5+4.3a

D6 Before 9.6+3.5b 7.4+4.3b 6.5+4.6b 7.2+£5.3b 12.4£2.5a 7.4+3.2a
After 14.1+1.4a 10.4+5.2a 9.6+6.0a 8.2+5.5a 12.6+3.2a 6.8+2.0a
D7 Before 9.2+3.8b 4.1+2.6b 6.8+2.5b 8.3+2.5b 10.7£2.9a 11.1+4.9a
After 13.0+1.3a 6.0+3.8a 10.7+3.6a 10.0+2.4a 10.6+3a 10.4+4.8a

D8 Before 10.0+£3.9b 10.4£3.2b 6.6£2.7b 6.6£2.9b 8.3+3.4a 9.2+2.6a
After 14.1+1.6a 14.8+1.4a 9.8+4.0a 7.6+3.0a 8.3+£3.5a 8.4+1.8a

D9 Before 6.2+4.2b 4.6+4.2b 6.8+3.1b 9.5+2.7b 11.2+3.6a 9.1+2.9a
After 9.0+5.4a 6.6+5.7a 10.1+4.3a 10.7£2.3a 11.0+3.8a 8.6+2.0a

T Before 8.7+3.6b 7.2+£3.5b 6.0+£3.3b 7.3+4.6b 11.2+3.7a 9.6+3.8a
Average After 12.5+2.8a 10.4+4.1a 8.8+4.6a 8.6+5.0a 11.7+4.2a 9.2+3.5a

T R RVNG TR R [ — BB (R — o JZ KT KR I8k 22 57 5 (P<0.05) .

Note: The different lowercase letters in the table indicate the significant difference before and after irrigation in the same soil layer under the same ir-

rigation treatment ( P<0.05).
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AN P K G 0 M0 i Y1 L T UL R 1, K
SERAE 225 300,375,450 m® + hm 2, {3 H A3 )
M 42% 48% 50% 63% , KA b B HE AT
DR H 45 em BEINE 60 cm; M EH 4040 1,18

THREE M 45 em BN E 65 em, IR E K 54T 70
em, BT 28 em, EAT LRI B BE N IE R R 49
em, NE 1 AT LA H, BRUGHE K & 225 ~375 m” -
hm I B KT 56 BE 2 50 em , FE /K 7 4 3 15
BN TAHREAE, PR 8E R KR 450 m? -
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hm 2B S R IR ] T 60 em , AHARIHEH 1T
THIE R AT ESZA 11 cm, IBHEEE L 70 cm, 1B
THTREE MR 60 em (7K 53 FORAR RARXERH , & 2R
THEKE A I D HE IR K H BRR 2 B e A S AR

2 95 B Seepage width/em
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0 &—T-A
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7 K FE Seepage depth/cm
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—A—375m’* hm °

E1 AEEKESRHEREEENEE
Fig.1 Soil wetting range profiles under different irrigation

33 EXREKESEFE KIFARENKLER

% 4 n] UL 356 AL B D1~ DO AT 5 52 i oK
TEHE K BETE 2 131~3 847 m® « hm > Z |A], Hokekr
H7E 10 106~ 14 062 kg - hm™> Z [A]  SE44 11 950 kg
- hm ™ HIFAEAE 39 735~53 387 kg - hm > Z [f],
T35 47 263 kg - hm™ 5 K 43R FHIRURAE 2.01 ~2.46
kg - m2Z 0], P4 2.29 kg - m™, FPREE(G)
ey () B 5K (Q) BIEMSE, [ 75 5
BN 6=-0.0016Q%+11.260-6 728.9,R*=0.75;S =
-0.00640°+43.680-24 498 R*=0.82, Xf A~ [A] &b #f
PSS R R AE 3 402 m® - hm PHEKET,
KRR 5 2578 2 278 2 131 m® - hm ?#EKEAY
Frho A E R, HI RS 22782 131 m’
s hm KR FE A R ER, BFKEY
3847 2278 2 131 m® « hm /KR A SFE KA

—8— 300m’ * hm *
—%— 450m’ * hm °

EZER. 3847 m’ - hm® 53628 m® - hm K E
H7K A FI AR A 22 5 HABRE K &8 5, #F k™
i HFI R BFEKE KR RCR R I A 22
St HEIKEAE 3 402 .3 628 m® - hm ™1 3 847 m® -
hm KPR FFRL RN R I 7 a4 IR TR K 1 T i U
A B 3402 m’ - hm KR T BRSPS
=ik,
3.4 EXRBEEMERKEEESN

S/ X KA R A B 09 B B AR K 5k BE 43
Pras R i3k 5, 403 3 A= F WIFEK & 571.6 mm, = i
b F AL R K, TR AR F B BeRE /K 5 B R /MK
SRy VRS S S T SR > B > 1 S 3 R
TSI BRI 4T IR R R A K I SRR T K
T PRIEE K i
3.5 EXBEFENHE

HRPEA R A PE £ K = i 2 8 A A R, iE &
K HE I BE L3R 6, BEZK MR 10 ~ 11 IR, HE Bk 2 %
3405~3 660 m’ + hm™, % Fl 35 1 45 22 R K
255 m® - hm™, B AME K 1 WK, FEKE 255 m® -
h 7 BT AR ESR I 10 d K 1R,
UHE /KR 300~375 m® - hm™,

4 gL

TEG| XY AA S 15 000 kg + hm™
DU TR R A 110 el — ek 22 ) i 22
— VI TR FE K B DA S RE /K iR B X 5 H A A 4
R JERRTACHE Y T i X R K
W HFKEAE—EMXR, LT HFEKE 600 ~
613 mm B, P~ i B AR AL T4 K X HARESE
G —3, T K IE — ARk B AR A AR Ak e R
WIZB B X G ARG A PR A E 7K 2 A T I
VEE K BLRZ B I B B ARV R, T & [H]
OB T RIS E 335 AT WK 11~12 Wk,

x4 BREHFESKSFIRAKE

Table 4 Yield and water use efficiency under each treatment

AEEL YRR/ (m® - hm™?) OFPRI R/ (kg - hm?)

HI =/ (kg + hm™2)

BFEKE/(m® - hm™?)

IKAPFIRLA/ (kg - m™)

Treatment  Irrigation amount Grain yield Silage production Total water consumption Water use efficiency
D1 3 847 12 889+1 941a 49 580+12 084a 6 019+1 392a 2.14+0.98a
D2 3628 11 717+1 005a 47 980+6 524a 5 828+457b 2.01+0.10b
D3 3402 14 062+1 731a 53 387+4 337a 5 718+426b 2.46+0.21ab
D4 3181 12 345+1 636ab 49 797+6 115ab 5 313+496b 2.32+0.15ab
D5 3 026 12 667+2 475ab 50 7634 034ab 5436+241b 2.33+0.37ab
D6 2 801 12 145+2 345ab 47 419+10 619ab 5 129+620bc 2.37+0.42ab
D7 2 578 11 155+2 495b 44 624+5 592ab 4 731+382bc 2.36+0.48ab
D8 2278 10 462+2 873b 39 73516 817b 4 415+405¢ 2.37+0.61ab
D9 2 131 10 106+2 821b 42 079+10 054b 4 414+129¢ 2.29+0.55ab

P34 Average 2 986 11 950+2 366 47 263+8 33 5222+793 2.29+0.51

TE : A FUA R NG B 30 A 3] 22 57 8.3 (p<0.05)

Note: Different lowercase letters in the same column show significant differences between treatments (p<0.05).
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Table 5 Water consumption () and water consumption intensity ( Rate) of maize in each growth stage

I HiY LI il HESR A Ait
Lb 3 Sowing Seedling Jointing Anthesis Filling Maturity total
Treatment  (/ Rate/ o/ Rate/ 0% Rate/ o/ Rate/ 0% Rate/ o Rate/ Q

(m® « hm™)(mm + 47 (m® + hm™)(mm « d™)(m® « hm™)(mm - d™)(m® « hm™2)(mm - d7) (w® « hm™)(mm - d7)(m® - hm™?)(mm - d™') /mm
D1 203.3 1.07 672.0 1.92 902.5 4.75 1347.5 5.39 1651.1 6.12 1242.0 2.70 601.9
D2 203.3 1.07 714.0 2.04 1052.6 5.54 1146.3 4.59 1691.6 6.27 1018.9 2.22 582.7
D3 203.3 1.07 654.5 1.87 969.0 5.10 1376.3 5.51 1436.4 5.32 1076.4 2.34 571.6
D4 203.3 1.07 616.0 1.76 871.2 4.59 1255.0 5.02 1551.2 5.75 816.5 1.78 531.3
D5 203.3 1.07 698.3 2.00 1184.7 6.24 1177.5 4.71 1263.6 4.68 908.5 1.98 543.6
D6 203.3 1.07 642.3 1.84 826.5 4.35 1271.3 5.09 1297.4 4.81 885.5 1.93 512.6
D7 203.3 1.07 658.0 1.88 897.8 4.73 1058.8 4.24 1111.1 4.12 802.7 1.75 473.2
D8 203.3 1.07 623.0 1.78 745.8 3.93 1180.0 4.72 923.4 3.42 738.3 1.61 441.4
D9 203.3 1.07 677.3 1.94 691.6 3.64 966.3 3.87 999.0 3.70 800.4 1.74 433.8

Average

1.07 1.89 4.76 4.79 4.91 2.00 521.3

TR AFLRBOT A RERIY] 19 d W 35 d K10 19 d SHERT 25 d ESRIN 27 d BB 46 d.
Note ; The duration days were 19 days for sowing, 35 days for seedling, 19 days for jointing, 25 days for anthesis, 27 days for filling and 46 days for maturity.
Fo ERFEERE
Table 6 Drip irrigation system for maize
i e 2 Heni] i ] #51) ) TR
st ke 4l i
{iﬁ 7J( T[:J b Sowing  Seedling Jointing Anthesis Filling A
DR AT SAWE 6 AR 6 At 6 AT TALA TAMA TATH 8A LA 8 8T Totl
eatme Late April Mid-May Early June Mid—June Late June Early July Mid—July Late July Early augusiMid-augustLate august
K E PR HEK

Irrigation  Irrigation on 1 2 3 4 5 6 7 8 9 10 10~11
times soil moisture
kR 3 405~
Irrigation amount 255 300 300 300 375 375 375 375 375 330 300
3 - 3 660
/(m’ « hm™)
SER 4 200~4 425 m® - hm M VIR S A 5T HRBHE, 2008, (6) :147-147.

HER RS TR A I R A, Wit R [5] V5% T EAHEHEIX R TR SOl LS B [ 1] Bk

N2 e v 8 o s Mk,2012, (10) :54-55.
M RE VR YR Y 1| B o - 3., 2 3
AR L A0, 7F 2131 ~3 847 m” - b [6] BRI, EaHa. $hith B2 X B RTAFFE R )8 R ey Ik [0,

BEERE LT , [F] —~ 8 7K Ak 3 .0~40 cm [ — - )2 BHEECE 15,2014, (23) +50.
REHEKBIFRE K IS K EA BE 2R 40 cm (7] e, 20408 /N, 5, P SR A K o
UTLHELEESKEERAES, HEAKES E KT BEE[J ] /KR, 2014, (3) :9-13,

B T R 2 L A I M S 5 A T I R M 3 402 [8] XU, TR, TRELES 55, T E B X F KPR AU+ e ] BTt

’ i '/\’[‘I 1. KR 'Tj/J(I*%%ﬂ%,ZO]Z,Z&(?’) :30-33.
. ) 5 Db R AN 7t
R R o T e —

14,062 11 71712 889 kg - hm ™, ¥PHL 7= KR K IR ]]. TR TREAR 2016,15(4) :390-394.
S KA PR A O 2,46 2,01, [10] ko AR, B, 45| B0l R (=15 000 kg -
2.14 kg - m™, T KA K ST A 2R ) hi™ ) RFAESIT 5 SEBURAR )] AR, 2013,(5) - 108-113.

HE) 4500, WK R HR B L 450 m® - hm2, 11 PRI RS TR A IR R
FFSE[ 1] 57K 0EE 2016, (9) < 112-116.

S 5 2 42 A R R L 2 2 3.2 g
MR 3 405 ~3 660 m” - hen™, Byt stk L] R

JKERH 225~375 m® + hm™* EK 10~ 11 1K, M T RA) 2006,39(4) :9- 13,
[13] XU et 2 E0hh, . 55 0 X ke — A
% % X i BHEILHER SIS )], AR AR 2018 431(9) 7478,
(1] #HEE, 2R B R X R R m s A LA AR [ 1790 [14]  ZSECAh, RS0 FCHR 200 7 b T 5K R I e T
ALAIFH, 2008, (23) :58. BRI ] KSRk TR 2017, (5) :242-246.
(2] BT B S DOKAEN Pt B2k B ) ] T Ak [15] Z5/E, Faebk BoRE P=E  5 2 M. JL 50, BRE it
FKHKHL 2015, (3) :88-90. 2010; 213-244.
(3] BRSO S B M K R A R TEVHRL T A TR [16]  XIEdte, SR B bl A — A AR I FETBIR 7 1E W
FA 2016, 36(5) :40. KRR TR ) ] MBS AR R, 2006, (6) : 32-33.

(4] B TEHIEX R RSSO AR ] T EAK



