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Table 1 Mineral components of tested sedimentation

RS T H R J5 53 H

Mineral component Content/% | Mineral component Content/%
£ % Quartz 43 A= Dolomite 3
FHAT Albite 15 Z B} Muscovite 11
WARHEAT Microcline 7 £ F Clinochlore 9
JifRAi Calcite 8 N 47 Amphibole 4

RIEHRE (ZE =L THRMBERAR) NEHRE
1~2 mm PJEERRAR, WEETK, IRERESEH
1%, RIEH B A A B IRIE RN CEIE TR WM
FARB AT £E TAFE /7 100 kPa I, &N 1.80 L/,
MATEE 0492, WEARE 0.748, HLEERIE R =N
1.13 mm, W% N 1.25 mm, JRETREEN 1.69 mm, JRiE
WEN0.75mm (B 1) . BEERN 16 mm.

L% 20 3.4
1.Tooth width ~ 2.Channel width ~ 3.Tooth height
B 1 Ak g M
Fig.1 Emitter’s labyrinth channel structure

1.1.2 KBRE

M & B & KK (164 L) « KFE (JET100 R,
Pt 45 m, 3% 2 900 r/min, FUEHE 2.4 m/h) | HiEH
BU CRAH S22 B L S IR B LT D ISR
0 T LA AR I R (B MESHEKE S AR
(E2) o %1 WHEKELHN 2.4 m®, T I/NKEER
AR, AR HEA KT, FRER 1 00K
o BEFENITEKIZIZAT 5 min BUFFEEHE, FHE HAEBAHE
KRR 2L O3 TAE . MK R G h KRR R, AN
it 0.55 m/s, FHN 126 r/min. fEIXFEMIZIPIRE T,

LEAKM 2880 3MOKE  4KE  S.EDKE 6 JEIER 7.0
SR 9. BE 10k 11LHKE

I.Water tank 2.Blender 3.Suction pipe 4.Pump
6.Pressure gauge 7.Valve 8. Backwater groove 9.Laterals
11.Drain-pipe

5. Backwater pipe
10.Emitter

B2 FEAARREFETER
Fig.2 Schematic of experimental layout of drip irrigation system

TEVO RN A BRI JE R AE BRI LB, R ARG
A2 e TR0 I AR YR 0 SRR AL 1 5| AL AR A B 3 R
HIMUBR A AR Ak o o 301 FH 0 o B 8 =4 (] K o o s ol
TAER I, EABEHKER 1.25%, KEIIERERER
0.25 MPa. A58 1 B & Vb & R ST /K 8 5 15 L
WHERA AR E LIRS . BRIAKEE N 10 %. H
IR B S K E— AE 60~120 m 2 7], EE4X
KA, KBS, ARSI, A
RIGH R KEAR 6 m, HISLha KHBEKE&R/MEM
1/10. F%EE 1A 20 Mk, #kAEIEEA 30 cm.
1.2 RIEIE

TR S & P A FE T A R UL R, 40 R A
VEXTVE K FIVE K+ PR 25T VE 26 NSk ZE 1o . X
FE 4 ANAFEIR e A, 0 %K 3. 5. 7. 10 d v
e 1 RBE A BEAFE(CKD, F¥ERA] A 5 mint'* ',
AR NSO 8N 0.8 g/L HITEHEKIR, JH/K+IREK
PEREI RN 0.8 g/L AR 2 57 H0 1% 1 HE 7K I8
RIGHE 2017 4E 5 H 7 H—7 H6 HFM 9 H 1 H—10
H 10 H, 370 do AT AEAREEK 1 K, FRIREEK
IS4 6 he

RIGTFAE RIS E TAEK 718 100 kPa B FIATE Ui
&, HIREkTEKIE. SRR ENHRES R s
TR B, IR Sk i E AT MR E 3. RN G
TEIZAT I IS SR T TR e B . O i,
KA HABA AT e BE . O], rhyeid i
FHUR R B I 1) ORAIE B T AR FE 100 kPa,  [RI IR
LBERmRE VY, BTSN AR B2 N R
IR B AOHUARZE 53 o AH [R] 7K 5 ¥ VE 1 BT A Ak 0 ¥ 7K e
T ARAEAR R YK VEREK 30 s 105, Nk =5
VEZKIARE T2 ZERE FE DR, A1 Ah it o R 2% Vi R A R 4
FIBE K IBOE MK, HEK 40 IREFIRL. B TEEK
ER 6 m, BENAFEMERLINOMENZESRDN, &
B 20 MEEKATDME N 20 MEE . N T I ETNRECE,
BURWEFZEE L 6 MEkiE. BMAEITm B
KR A 3.

A3 XIEEREEE T

Fig.3 Variation of temperature during experiment period
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b g B T NIRRT R, Lihs go N 1 NRERI
TH/KUUE, Lhy m ABE EMRRANEG Do LA
TERBIAIRLE, % D NN EER TR E, %.
1.3.2 AEEfiFE

PR B [ T3 =0 R A s T 0 [ T R R
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o Dy WA j IR Z BTPP YA R, %; Dy
N IR EE R 2 G SRR, Y%: Ve AR E
FHER, %Kk, KB F &k NRPRIREL Rb g ab
Y kN ETE KRB
1.3.3 EE AR kE

MR, B T HE R AR VD IFAE 105 °C
HEt 7 h, BT EHRBURE, I EBERARTRD MEE (R,
TR .

R=Mt (4)

A RN, g/hs M, B B RV
i, g ¢ NEEKIE, he
1.4 HUBALIBAE

K SPSS18.0 B A J7 2243 it AS [R] e Ja) 3 of AF T
B ZESEEME, K OriginPro8 HAEER, i A
[ e J K SP X AR G B R B TR YD ph e R R

2 HER5SH

2.1 X E LA R E RS

B da V7K EAS [R5 FE) AT 8 SkoAE X I £ A
R . B 4 FTLLEH, BE BRI R K
It B BE RE K KB I T B E — e IR EH, K
30 e, BRI AL EE R AR B AR e o HE A B
1 14.29%~47.77%, AMPeAb B T B & w2 oK T
VERIAN 3. 5 17 d AbBE (P<0.05) o PPEEREHIN 3 d
) A B R AR Sk U B AR I RO B B R, TR SN U
FEATE 95% I /IR s ARk . P AN 5 d ALFR A
SKARRHAL S AEE K AT N PR S, K 15 B4
W (D<15%) , BEMEZ EREREIFERAFER
80% LA Lo YRR AR 7 d AL BE )35 Sk AF X I B I A R R
TE 85%~90% 18] o T 6 & 39 10 d AL BR R B 22,
FEK 10 WG, WS IR E Rt IE A R E] 75%LL R,

Bl 4b VKPR 2T HE T AN [F] e J A 45 Sk i =
BE ) AR % . B 4b AT LA L, 45 40 IRIEK G,
e A 3 ) A O I R bR R e I HR AL B R 12.89% ~
126.67%, AITHEACEE AN & B E K T e BA 3. 5
A 7d (P<0.05) PhyeAbEE. TEHE/K 28 WRZ AT, (e 3

N3y ST d ARERE Sk R AR AR AR T
W 10 d ACFRAERE/K 24 YR 40 YR E FREER N 2.61%/
W, HAE AR E T RIE R 2.57%/ IR IEA A [F
(P=0.33>0.05)

a. VEIKIHE
a. Muddy water drip irrigation

b. R
b. Muddy water drip irrigation with urea
B 4 25k B AT iE KA BRI KA SR E R TR R R 6
Fig.4 Influence of lateral flushing period on flow rate in muddy
water and muddy water with urea drip irrigation system

FEKFFURI B, AR igle Jl A A B 5 ) 1R 22 1) P
SLkimEZE R AN, 2B Brh et Sk i AR L
WA R, 1 S U Bl T K KB AR b R A AR — B,
T SAHSTHR B R T 90%. U1vE KHEK 2 TR, P A AN 3.
5+ 7~ 10 d FUAS e A2 ()30 kA X L 2 30l A 98.67%,
96.84%, 96.36%, 94.77%A11 97.04%, JrHEEIRY] (&
4a) ; VEKHRZTHE 10 X, e 3. 5. 71 10d
PR S e A 2 R SRR R C R E R (B 4b) .
MRS, ARGCEBRLRETAEFH R, £
B A B 3 Sk PR TR B /N T AR e (56 T
ARFR, BN B I 0 Sk 1 ZE 1) BERRUB . P
B SR AR R B LEFFAE 75%UA b, B R AR R A3 Sk
TN B B /N T X R AL (P<0.05) , BRRBE ML),
N REEK G SR A BT o AN IR gt B A ) o
VERUBHIAE, TV 3. S M7 d 4k
B 30 UK, Tt EEA 10 d AAEA KT 20 Ik
K (E 4a) 5 X TVKHRFETREME A A 3. 5 Al
7 d AbEEEE I 40 K, AN 10 d AbBRANEE
30 RIEK, 510 IREEK)E, BEEBIN 3. SR 7 d b
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T SKAGHR B 75%0L E, HBE bk a i &5 5l el
Tt 3.67%, 12.44%F01 10.05% (P 4b) o phfUsiSs
Je, SR TIREE, Wk EWR RS EMKE, (B2
RO SRR R g, kAR E DT 75%,
I BON MR TG RO, B P AL B O TR SR IR
HIKE B FEREMN 75%h Eo Wiy AN 10 d K
THEANIAEFE K 20 RZJGMEMMN 75.72% 0 T [F %
65.14%, BEAEREIK 30 R BtE R 2 67.24%, i/ T
75% (B 4a) 5 AH IR A AR VE 7K+ R 25 30 VR A B A
K20 WJaE, kiR EMM 87.04%iE NFEE 45.71%, K
R R SN AL BT B B 22 5

HEAKRI NG, WEFEENITA LT E
MARFFREAT I Z 0T, SERWE 2 Fiow. HhnfREfph
e 343 ) B B AR T SK R Sk A K I B DS T A N
VLHAE — EVRYDIRFEJE I P, 0 R 3 & 5o i Sk 1% 2
PR, HAS TR e ) 355 0 Sk AH X I B e A AR K
5, IR EAFEAS HAEH .

R2 ARKBRINGEERALETRERTEN T

Table 2 Variance analysis on flow rate in different water types

and flushing periods
R gl H ¥7 %
. Sum of Freedom  Mean square
Sources of variance . F value
variances degree error
TN PR 2 s
Utea addition(UA) 119 057.64 1 119 058 359
T A ok
Flushing period (FP) 5 587.04 4 1397 4
UAXFP 5337.09 4 1334 4x%
i% 7 Error 2653522 80 332

7 (Note) : **, P<0.01.

THHEBEE M E BERERTHER (£ 3) A4Al,
TEEARTRESAT N, WMERTHERS AN 3 MR Wik
JE Iy 5 d oAb B ZH I B ] e o A vy, 5 AR e ) A
DAR R AR B 2 18] S R 22 57 PN 3. 7 A
10 d AbEE Sk P 3 & B T R 24008 0.36%/ Ik ~
0.41%/IR 2 1], AR B2 A0 38 v 22 575 R sk
SHHRHIMBERFEE N (V<0) o ULRAFEVEKERESME T,
AL I T AR AR . VKR RTERG T,
PRI 3. 5 17 d KRB SK IR B A AR,
MR AR 10 d R4 B ZH RN SR e oot BE ZH R R T R
(Vy<0) , {HMEEEHI N 10 d AERZH) R Bl R B 2/ T
At A

£3 MEREERELRER

Table 3 Recovery rate of flow after flushing events

%!
K YA Flushing period/d
Type of water CK
3 > ! 10 (No flushing)
Mud‘I;F;J\?vater 040b 0.70 a 041b 0.36b -1.12¢
VEK+RER
Muddy water 039a 029a 0.16 a -0.62 b -149¢
with urea

I FIFARNE FRERREREE (P<0.05) . TH.
Note: Different lowercase letters in same row indicate significant difference
(P<0.05). Same as below.

2.2 WEBEEXMEERIURD M
2.2.1 R kE

M 4 H 2 oK B HE 2 T A R st B e
PR LA, 18 2 FoKBURERM T, RDist
FRBLAR b 5 IRE e R RS i PR gA, REIHEE
WUV UT % BN 2 B R AR AERE KT, BE A HE 7K B [A] 1)
) ZE KB T

x4 EERDOHEE

Table 4 Flushing rate of sediment in laterals

gh'
FEWE KR M AR Flushing period/d
Type of water 3 5 7 10
77K Muddy water 493 a 494 a 339b 223 ¢
HARR 336a 3282 317b  265c¢

Muddy water with urea

2.2.2 Rkt

X2 BRI A N B IR RLAR AR 77
EoWaE RE: bR IR TR A BRI, AN
[i) et J A B YR v R RS AN H] (3R 5D o« MIFIZK
TR R RN GRS Pl 1 E SR St E -0 AN ¥ R U YAy
IR BEIEZER (P<0.05) o EKIERERERRTRI T
Tk & ERAIGMHE (EHESE 8.17%) i 8.51%~
21.23%, VFERHRFFEBERRR D Rk & LG
EERE R 22.78%~30.88%. i M 7E HE K I FE P A1 R
PRWHEGIETE NI . 2 H R T 45 R R VE KR
FE B AR VR VD A B RLRRY R 8 ) S T A
IF) e 3t JE 0 Ak R Y A S R Y B R RO R i, TR R
B E PFK (P<0.05) o UiBH R & BRI B R
FPELNRORII 2, TR URL R 23 U AH B8 o

RS2 MUKBUEEF TR IR ER TSR RA MR E 25

Table 5 Particle composition of sediment under different flushing periods and 2 types of drip irrigation water

%
$i4 M AN Flushing period/d AR %
)M.'& AL FE Treatment e p W?‘?M&%‘%ﬁ

Particles 3 5 7 10 CK (No flushing) Initial content
_ 77K Muddy water 9.67b 8.93d 9.43 be 10.07 a 929 ¢ 8.17¢
AL Clay
VEK+JKRE Muddy water with urea 11.02 be 10.58 ¢ 10.65¢ 11.82a 11.41 ab 8.17d
W Silt 77K Muddy water 19.19 ab 19.00 cd 1998 ¢ 21.03 be 18.77d 23.02a
V. Si
i VEIK+RE Muddy water withurea  22.65 ab 21.42cd 21.69 ¢ 22.13 be 20.67d 23.02a
. 77K Muddy water 71.14 ab 72.06 a 70.59 b 68.9 ¢ 7193 a 68.81 ¢
bk Sand
VE 7K+ PR Z Muddy water with urea 66.34 ¢ 68.00 ab 67.66 b 66.05 ¢ 67.92 ab 68.81 a
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2.3.1 BRI F KR KR ey

i Sk ) B S ) 3 S R R I K e oV T A SORE
Wk R G WINER, &5 MEAREREAN D LK
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WU AR IZ W B 24 e A b 28 o T I 0 35 260 Sk 1) 11 D)
WL EI Sk 4% 2 EEOG N I ZEMIRUIE S 28, N TIHE
BRT 50%, HIFFEFZRAECNKOME (R6) X5
PR RE A R — 8 WA, R SCRETE N
0.003~0.55 m/s, HRHEYTREE AR A AR LTS3 2 A
PRI DI L) 0.401 m/s, BRBURL TR 25 5
UUFE, A S AER K DS b, S BURRIE N .
A, AKRHENRERIE G, BIRFAAEL, KRR
RABAR, Ht AR, s TKRNE), @
EUE N R SV R R IR 2, i Skl i 28
AR R P SREEE b, 7B i,
JR8 i i B P AIG, URIEE OK, K AT BI YN TR REAR R,
TEIG R, HRHR I UIE B R i Je v 45 2 4 B
B, WRETEN VBRI, [F RS & D 5 8] 7
Ible, DIk, &80 A B8 B AL BE T LRRAIRE K
TV SR B ZE XK, B A RO KIE

Fo MAEEMESI

Table 6 Statistics of position of clogging emitters

VEWEKR &%t A Entrance 11 [ Exit

1B Channel

Typeof — Total Ay my Am HH A S
water number Number Ratio/% Number Ratio/% Number Ratio/%
VEIK
Muddy 25 24 96 1 4 0 0
water
VERHIRE
Muddy =y og 54 17 39 3 7
water with
urea
AARIERI, IKEAE, B g A B B AR Sk

BEEERSBCRA . 25 3. 5 F1 7 d BEKPPYE 1 KA
B, VKPR R HE P e R BN TV KHE (R 4
FERE/K 10 d 309 1 VRIS, Y% K+ PR 25 HE (104 ROBE K 8
KFEKEHE, 7E 30 YOI, AS[E e B a3
V7K PR 250 E A BHE /K IR B A /AN T KT HE (]
) o IXT]RESRAN [FIZK TR A T B WA RRLAR YR TD
VAR 3 2 A [R] 5 B0 AR Ve v IR 2L 1A 7] 1) 2%
e WARIRIE K BLVE 7K+ PR 21 E B AR e v Hh ks Al
MPRLARFE 2 B3 K TV K RE R, R AR 4 LU
R (R 5) o X R WIFERE K I R b e Iin R 25 nT i 2398 /b
PV yilkE, [FIFBRR T KB AR50 (B R 500
TG R BTE AR & 20 E0 53 3 0 R 1Yol Vi 1 & i
ZHAY RN 151107 F1 1.31x107° Pass) , AJ L, 4H/NE
I RURLAE & IR 2K B Gy iR, R BREZE N 1R A ) 3% 28
GE R TP 2 ORE B B  3En,  RBURLE Rk R F e A4 F A
Fe P BB S PRAR, S5 P DR I BRI, T 54
IR, XESHEGPRRDER SR EE. Fik, £
B R X T VA K PR 2R T R A R O Sk U T RICR g
UF TV KRE . IX R0 B G 7 A /K b g o,

TV K A5 B B ER K R S Al v 8 2 KBk e, fEEK
NG SL R TR 3 2, N T AR EN LR . BE
MR B T DURE B Y A T HE B, T 4R
FReRiai, [k, BB P i v DL E ZE X . 2
FEAERE KRR, BT CaCO;. CaSO, F
MgCO; AL YT HE P 5 T B 3 AL A 05 2Y, ) e Kl B
FEFE N 2K e B B b, B PR I LA AT R
WG, SURG IR R, ik, BE et
XK T TRE (iR 3k LT P A U

Rk, FEREKIEFRE, XT 578 B W= AR i
FREN 3 LA B 5 W HE R /N W S 8k T TR TR AR, R A
TE T B A e T R I ek 2 v Sk N 1 HE AR (140 K B e
ARG, 0] LURH— v 0 B pR e i, PR
SLIEFENGE, SEKTTE RGIAE RO KRB B i
R .
2.3.2  iEFEYE kb BBt I e B

Fo MR B PP SR R AE O, AT R it
TR R 3 AN B, EDpREe B, R muE A
BHH . SR FH BRIV K T HE B VA K+ IR Z T REVTI R B
BE SRR T RIE AR i, MK IR EOR K ]
BUNES, BE NIRRT >, ok i R T R P
W o R T B IR AR RN Sk R s mT DA
W&, FEIZM BOR A B et T ki & L E i .
KIFANE, phBiBIAE AR . AR H, BT EKHR
KR R B0 K, JevbEREEVE R R, HASRI T
BRHTERAR, JeVb okt 5 K >, B W IRFE v
B, WSBARA R E TR, Rk, KRR TR
MBI (B 4b) , VEKRER MR T 3
UCREK , VKPR ZTHE S5 A R et 24 10 IRHEEK .

I 55 E 7K IF TR) 0 2 K RN K IR B I %2, sk N T
MM TR 78 55 G A S S s E (] Sa AR sb)
&R N B (HURR YTV B 1N, AT LA B
B PG = AR K T8I PR AR R N 1
THIAR M T I 2 Uk B i Sk 0 B s RIS B IR AR T
WK R A B 18] (14 Bk 3l R 5 3 Bl B VD & AN 34
5, mEE T EKEE N R S 5 B0 Sk bR E 2, 1
B B AT CE B NIRRT D IR, kN FE X
R, SRR B st BUB o

e EHAL BRSO B a A b e AW S d AbEE A
Ser B ¢ AN d B A9 10 d ARBREH A Sk
Note: Circled positions represent blocked areas of the emitters; Emitters in the
treatments of 5 d flushing period are shown in Fig.5a and Fig.5b, while those of
10 d flushing period are shown in Fig. Sc and Fig.5d.

B 5 kR
Fig.5 Emitters clogging positions
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FHMREPP R 10 d ALFE (& 4b) B YRk a2
N 10 DK EHET, e, BENERZHRY, &
ERIENWIREINE T e &Y, BE M EAN
TSR BEA IR (3D, (kK = i oy BE T
EW NP K B, R E e B M A
U S R PUE T R o BIFEREZK 10~20 F 28
Wa, WMRENT 75%, B ROEK IR T H
R BRI PP ALEE . DR, T EERKEE, SE IR R+
TR AR HERS, B IR BB R AITESE 2 IFEE 9 IR
VEAKJGE AT, B BN E R E R BT £,
Pk e N i Bk A 2

AARIG R I, BRSO o 35 Sk AR GO R A
R (R 2) , HVEKEFEMBEE A 3. 58 7 d &b
B, FIVEK+PR R RE AP BE BN 3. 5 AT 7 d b ERAE
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Determination of first lateral flushing time and period to mitigate risk of
emitter clogging in drip irrigation
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Abstract: Flushing the drip tubes (laterals) is one of the simplest, most convenient and effective methods for anti-clogging of
emitters. However, it is still unclear whether the lateral flushing lowers the risk of emitter clogging in the drip irrigation system
watered by Yellow River. In order to explore the influence of lateral flushing periods on the risk of emitter clogging during the
integrated irrigation process of water and fertilizer in Yellow River drip irrigation area, a set of short-cycle indoor drip
irrigation simulation tests were carried out under 4 different flushing periods (3, 5, 7 and 10 d) and 2 kinds of water (0.8 g/L
sediment concentration without urea and 0.8 g/L sediment concentration with 1% urea) in the study. The mean relative flow
rate, the recovery rate of flow after flushing events, the flushing rate of sediment in laterals and the particle composition of the
sediment were analyzed. The results showed that after the irrigation of muddy water, the mean relative flow rate in flushing
treatments were 14.29%-47.77% higher (P<0.05) than that under the no flushing (CK) treatment, while after the drip irrigation
of muddy water drip irrigation with urea, the mean relative flow rate in the flushing treatments were 12.89%-126.67% higher
(P<0.05) than CK. It indicated that laterals flushing reduced the risk of emitter clogging in Zhongwei Yellow River drip
irrigation area. According to the ability to maintain the flow rate after laterals flushing, the whole operation period of drip
irrigation was classified into 3 stages: insensitive, sensitive and ineffective flushing period. And the first flushing event should
be performed before the end of the insensitive flushing period. Analysis of variance results showed that the effect of applying
urea and flushing period on the relative flow of emitters was extremely significant either in a separate way or in an interactive
way, which indicated that within a certain concentration range of sediment, the application of urea would affect the risk of
emitter clogging, and the flushing periods had a great influence on the relative flow of emitters. The treatment group with the
flushing period of 5 d had the highest rate of recovery flow, and the recovery flow rate of the other flushing periods were about
0.36%/time to 0.41%/time. Under the 2 kinds of water drip irrigation conditions, the flushing rate of sediment under different
flushing periods showed a decreasing trend with increasing flushing periods, indicating that the accumulation of sediment
mainly occurred in the initial stage of irrigation. The variance analysis of the particle size composition of sediment showed that
flushing period had a great influence on the sediment, and the effects of different flushing periods on the composition of
sediment were different. Fine sediment was easy to settle in the laterals during the irrigation process. And the application of
urea increased fine particles settled in the laterals. In Yellow River drip irrigation area of Zhongwei, Ningxia, lateral flushing
could reduce the amount of sediment deposited in the capillary, restore the cross-sectional areas of the emitter, and maintain
emitters flow at a high level for a long time. The first flushing should be taken before the end of insensitive flushing period.
When drip irrigation system reached the ineffective flushing period, the laterals need to be replaced or the other anti-blocking
measures should be taken. During the dripping process of the Yellow River in Zhongwei, Ningxia, the first flushing measure
should be carried out after the first 2 times of irrigation for muddy water drip irrigation system, and 9 times of irrigation for
muddy water drip irrigation system with urea. In addition, suitable flushing periods were 5 and 7 d for muddy water drip
irrigation system and muddy water drip irrigation system with urea, respectively. The proposed suitable lateral flushing period
for drip irrigation is expected to improve the adaptability of drip irrigation technology in the Zhongwei, Ningxia Yellow River
drip irrigation area.

Keywords: emitters; clogging; sediment; Yellow River drip irrigation; lateral flushing periods



