Vol.31 No.17
Sep. 2015 81

F31E H1TM
20154 9 H

VG| D s i

Transactions of the Chinese Society of Agricultural Engineering

e BB X iZ K R B i Sk RV IR {E A
ZRB ' EA kER W w

1. VHABRMBIE KAk R 53 TR 4B, Bk 712100; 2. PHALRMRME KA K FARERIFSUT, B 712100,
3. FEMSCHEARE, HAS 7210000

W OE: IHRFOKIE— AR RR T, AR SR L, A IERE T 4 MR (0, 04, 0.6 F11.2g/L), 3
FHRIP AL, AT K MBGRE K 2R, HA RS S T ENIEW SRy . SR RWE: JEX TR
WSkIE 2 B W I AR, AR RO, InTEE SRR, MAE 1.2 g/L I, 3 ARSIV K A AR
Ll R AR ot PR AR 43 ) T B3 T 36.4%, 77.8%H1 78.8%; 4t 0.4 g/L W), 5 RHEAK IRELA: 3 F % 9.1%- 33.3% A1 14.3%,
MEAEHRE <0.4 /L I, I5dmg Sk 2L 00RO N o VEZK TP S IIAG TG 58 T 7K A b e v b R [A) (R 2RE0E (23 T AR T
ARG, XTI A Sk ZE 0 RN s IR B SR G A RE RS, MERRUA ] BN, 3 2K

PASE Ak T8 A T o AR B R A KNS — AL BEB AR HE) SR AL BB AR -

KR edt; REE R, MR, ik, HEHX
doi: 10.11975/j.issn.1002-6819.2015.17.011
FESES: S275.6 XHERFRERD: A

TRE, Fx&, kEM, X
doi: 10.11975/j.issn.1002-6819.2015.17.011

XEHS: 1002-6819(2015)-17-0081-10
B, MEBRXTEKGER A SKIE A IEIMER [J]. R TR, 2015, 31(17): 81—90

http://www.tcsae.org

Li Kangyong, Niu Wenquan, Zhang Ruochan, Liu Lu. Accelerative effect of fertigation on emitter clogging by muddy water
irrigation[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015, 31(17): 81 —90.

(in Chinese with English abstract) doi:

0 3l

IR — AR T RE DA IEAE TR i, (EKAE — 444k
FELE TR S 3 E 1) T, SR BT B AR R R
T 3 281 IR e 1Y 0 LR A A B 2 1) s P,
PVPRARBL S & v R K IR ZE M e RS, 5
Ab, TAER T /KIS0 Sk B 28 BoAT — € 15
W — Ay, I A U e AR AT B
A R K A FE 2, AR T DA A T
ANBETE AT BREE /K b i AR, 30 Sk R
#£<20.1 mm [RYEVPRIVRLATIAR 2238 i Sy 2611, (0
T Sk (R B 28— RN S B L A B B D 3R 3 B
SERRREK TP A 2 Bl 3 R DR S LR AR i 4 R
WP AR R, T AR A BRI, sk
W T RN, R R K el KRR, T
P2 R B R IL R T, A B de iy Sk 21200,
R, BEAE KHE — AL BE DA N BRI, A2
Py BRI IR A B R T Sk 1 2E (10 T 25 Ao WFSER

jillf3

ks FY: 20150525 A&7 HIY: 2015-08-10

B4 uiH: EFCETHRE (2015BAD24B01): AR F ¥ A4 1 H
(51379024)

e BHED, 35, WIRARMA, AR IS 5T KA.
Wi VEALRMBHER KR S H TR BE, 7121000

Email: likangyong520@126.com

MR A3cd, B, WlHsA, L, osin, MAaem,
MBS 55 K BRI T Mk PHALARMRBRECR 2R 5 a0 TR 2

BE, 712100, Email: nwq@vip.sina.com

10.11975/j.issn.1002-6819.2015.17.011

http://www.tcsae.org

IUEG . SRRV S B 1 R VT UE R IE RO ZE I B, A
PR, M)k EEEFERY, R S KR AR A T A
BT AR 3 e ZE I B R O, A TR B B T
TR PE RSN 23 N5 e Y0 WIUREL ) () 23R F 1 Ye Y0 ORI
I BB DTN T 15 A1 58 A4 2 VA 7K R WG 3 i 3 T 1) i B i
5 L @ Lt £ N /i N 1 e /NN R L E -
MHERE KA I E S A Je b Rt Ctil 120 H M _Eadk &
R vEE, HEB K FARAEAE <0.12 mm (PR ERD
HH 35t 5 40 7N e v B0RE A B A FH O v Sk 1 ZE R
T ARG A7 AE S 3% 26 (U R AR T 22,
{EAN A BT TS AN ], BBk A% 9 BBl 15 5 3 Sk vt 1
SR PVPRBCAT IS, IR A5 5% RUEORL AR R Y L 45
Pyt —2b

BRI, A ERFOAKNE — AR A E R R v, it E e Sk
SEE R, ARWEFUA AT T VeV BT K FNAS [R] e I
SR PN 8 X Sk T &5 R Sk B ZE I s IR H
B I LS FEY) I 58 B A T 38 FED) T ) A HE R N 45
¥ DRy 0 ] BH 7B — A 3 AR i Sk 1 ZE ML R
FRALAKH .
1 BRI
L1 R ERE

PRI IE F R R S TE M HE Y (B 28 )11 15K
HEME R & TREABR AR , 1 40 kPa TAEE ) Fisilin
4 2.3 L/h BRH 16 mm. 3i5:3kEEK D24 8 mm»x2 mm
KT, K OMEE 8, WIETE 0.8 mm, Uim
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1.1 mm, 5EEN 3 mm, FIERICE 14 4, kA6
W20 1.76%.

RIGANEA Z AL (PSR IEN A R A D
FTR N EIR . WER . BRER . BRIR BN IR
#, HP N PAIK 3 MRS MEIA 1:1:1. X5 HK
HURUK, pH {EA 7.34, MEEECH 0, TN 2.58
mmol/L, &IFRRLN 0, HFZN 560 uS/cm. A5 N AR
PRI AL A ZEEAT, HEAKHT, WA REE K 1)
TR ) B Kk 8°C, AR 3°C, I 5°C.

RV VD L K TF e G AR, ARk
V0T W B ) R ORI 1 T, S s KR v IS
0.1 mm {57, WCERRLTREK, Pl Lbr L2, tE
43 0.067 5 0.034 mm 5 R D IEIMRDE, W
VR AR 7 BV . XRI42<0.034 mm Ye b #EATUL
VERBR FEIEWL MUK ARE S A AR, B IR
DUV & H

R EWME 1 P, BRI 2 B3k
WA KRG WA IENA G Al TAEKKLEE
HIREEE R 0.01 ms BeoE Bds HBRAEN ARG 1s, %
PRERZEN 02 g, KIVIRG A KM . KRR
FENLALEG, B BN AR G35 . BRI 4
ZHENT, WA S ANHEKES, RRREEKEE AT 20
AN SR A

Jf

b KWREAE
b.Water tank

a U &
a.Test apparatus

Lo ARUR S R KAE 2. Wl 3. RS 4. REKER
(Ve HUR

1. Water tank and pump 2. Computer 3. Frequency conversion box 4.
Emitter 5. Pressure gauge 6. Agitators

A1 EKRENREE T ER
Fig.1 Schematic of experimental layout of drip irrigation system
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1.2 REHZE

K FH TR BV K i E AR T v, K AT e v ki <
0.1 mm. FR4ESCHR23TMH TS AL, BB R K &b &
1 g/Le RIKIFEAGI T 3 AN RiARBL, s &Rt
BUmE S, WE 3 ANRYHRAL AL B, C, fFHAC
TR R B VD A R 50%. MRPE T, MpEaE
WEE p>1.2 /L IR 5 5 | B 3 2, TRt v i e Kt A
WP p 1.2 gL, AFIAHSHORI PV Ak i <1.2
/L W, V2B T 2 It it A A P55 0 488 i e, A A
SE R INIdE s FEAE R 5% ma 5 /NI BEAEL, 38K TR
JEZERR, WET 2 MERARMIRIEKE p 454 0.6 Al
0.4 g/L, VIAHEIE (p=0)> KX HE, 4% M58 A hpLR e Ak

, S 12 ANAbE, AR ES 2 K, WL 1,
RIS BT TAEH )8 40 kPa. BFKHE/K 30 min, JE/K[W]
B 4 h, BREEKIMARSE R G, THECPYAER R ¢, R
20 M SKTEACT Y E S R R T, Y ¢,<70%H,
5 I RE K I E S AR IR B, ARG 45, B i

i, RABEE M 3 K, BORE E ek B RORL S
TR AT AT N OGRS . K IR AR A ARIRE T X
T MCRIARE R RE T VeV, TS RS 4 r B Dl
b 7/ DT
z1 Wit
Table 1 Experiment design

BW RERARBURT & L] Sediment gradation/% ML
i — — Fertilizer
No.of  0~0.034 mm >0.034 >0.067 concentration/
sediment 0.067 mm 0.1 mm (gL

A 56.12 24.16 19.72 0, 0.4, 0.6, 1.2

B 1421 58.34 27.45 0, 0.4, 0.6, 1.2

C 20.27 19.47 60.26 0, 04, 0.6, 1.2

1.3 FMiEtRSAE

KA R g FI¥ISI R C, VPN RGE TEFEE . R
P IUATORE TR AR e, i ki /N Tt
WL 75%IF, Sk R A3 2E,  [A]IE Bt K
BISIE R C,>85% A T i 2 2E KA B0 sk A5 H (1) /K
U, ARG LN ¢, <70% 03 ZEFIWTbRiE, ~FI8AHX i
q, M C, TS A -

q,z(gq,.j/(n-qo) (1

Cuzl—(jiwi—qu/Ura) 2)

Hre g, WA, Y% C AR i NkT5: n
Sk BEG g AR T AR, Lhs g Mk
WRE, L g BB, Lh. 5T ¢=70%K%EK
TERERR AT ORE K, A3 S80RE 7K R (R BRI ok A 35 7K
IEL e B R A B N S R S Bl LU R 3 2 2
1.4 BEFHLEE. BEAFMNERRIRD ST
BRRHE RS A, AR WD 20 () S = 5,
SE AR T T e A1 FE R S A B . X BT T AT i
BAAEENITRT, 4 4 HEWHLIENKS EeRT
Ja IR, C SR e A N L R AL,
Gk kORI ORGE AN ST R, HEYYY
WA REE R, TFORIEENE, MR RESE
FEW LI . M S BURTH 480 A (3 12 M4k,
FANMEEE 2 ANES, BIKRK 20 ME O 5 DS
SkFE s, IWMHEGE A ER (GERHIEN LS g
SkEz L) FEFERR (SEAEE LN Sk 15 8 7 1 FE I Sk
BEZ Mgk B ) o A5 %Rk
AR E—IRBE K SE R, A 0 WSk s ZER L,
X e — AR, SEIRE A THUE i E 0~70%2
[0 Sk ()3 FEAR DL, FRZ AR M6 56 o 70 A W as ZE 4
BF, 6T A HEK A B 3 ZE W s A R s i, e X
HREK O ZE; 0T R RIEY e ) 72 A A s Wi
EH KO 5E g LY IR, WiE b DRI Y 5%
DI, PR NIEEFE; X K e b 5e
AT DL, FRZ oA K D3 2P, RIG 2R, 1%
ORI IR R BCIEE 4 AN ARIR R DL Bra 5 &
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TEXG LT KBRSV R, X T T s Ak 2L T
SKIPIE ZED AT KA, F e D BRI B, ¥
] — Ab B (1) 1 SE M RE AR B ¥ ) 5 IAE HBE bR A, AR5
FH3 % B4 H8% S-4800 ( HASH A7 HITACHD) 141
K 800 5L B A HTis SEM LR, FF o Wit ZEW It 5%
ATCE R L.

2 HR55H

2.1 TEREMRE X Sk A ST
TREA LA, AHXTAUE g, 53925 C, BEREK AL
ARSI E AR, Wil 2 FE 3 Pk,

it B 5 B R E Mass fraction of fertilizer/ (g-L)
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Fig.2 Influence of sediment gradation and fertilizer concentration
on relative flow rate
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Fig.3 Influence of sediment gradation and fertilizer concentration
on uniformity

M 2 TRLE L, SR MR I LA, REE K
BIA RS, AN [R) 22 e V4 K E K (R Sk i g, BETEZK
UK N B Bl e A e #A, UE B e R e T 3
SLERZE . AR A 0.4 g/L 1N, g, HORT RS (o R
BN, LI il RS T3 Sk 3 2 A g LSS, Mt A
W KN 0.6 g/L I, g, LU RIS/ RE B 1E— 2D 1K,
HEHENEAREE R 0.4 o/L AR T Ytk EE N 1.2
g/L I, q YD TR, WSk B S R RN s JERE I YW
K g LT BN AR S W S 98 K, e A o ok 3 Sk b T4
2. WK 3 ITLEH, MRS, AR h 0.4 g/L
i, C, MRl FE A EE I B B35 S s, B
FHHEALIR L BN, SORHEARAR L, C, ZREnK,
W I T R 7K 45 5 B R B o IRk 0.4 F 0.6g/L
i, C, 50T FE N FR AN, AR S 1.2 g/L B,
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ZERE IR WK

AN, AR5 AN ] 2 TV 7K 2B 6 Sk K 2 1 n
YERIAIEL, KB 2 nTLLEH, 48K 7 ]G, IR
M 0.4, 0.6 HIKF] 1.2 g/L I, A FPECHIAXTTLE g 570
H 78%- T6%F1 70%, LbXT#E CARHEAL) 23531 F B T 2.5%
5.0%1 12.5%, 1 B Z¢HC 737l B F% T 18.5%+34.6%H1 38%
DL b, C R TR 4.3%. 8.5%A1 47%LL L, JiEfE#k
PRSI, 0T Sk FE I A AN, i Sk B 26 1)
FEGEW PR, PRI O 1.2 g/L i), it
JIET 35 Sk 3 5 I 4 T BH S 395, 3z K TR B 0.4
F10.6 g/L [ o

FRPEA S 1.3 MIbRAESGE VE BRI 1A BOHE K IR AL
ERHEACAILE, FAEHKREE R 0.4 /L I, 3 Ry v 2 it
HIA RHE K BCIE S B23E, A B AT C 3 BRI AT #5E /K
U5 R B 9.1%, 33.3%A1 14.3%, N3k k34 ZE MI1E
FHARH /N, AR 1.2 g/L W, 3 Bl ya K A Rtk K
DB AT 0 AR ER A3 0 R B T 36.4%, 77.8% A
78.8%, I Skik FEMVE R B R IE R . Wk 2 s, R
fic. B (A3 RORE K B /D, I B B 45 5 16 Pl Sk M 2
X1 <<0.034 mm BRI 50%000 A ZLBC, 24 it T E M
0.4 g/L ¥4KH] 1.2 g/L W, A RRHEKIRED BN 11
DR 0 100 8 F1 7 IR, A RRE K BRI MR FE AL/ 5
Kiftoh 0.034~0.067 mm FURLE L 50%01) B AL R0HE
TRIRBLGY MK IR 9 PRI /D o 64 4 F 2 IR, ARREKIR
b Hta AR S5 1R 3 TR ek, 9RO T A 2K
fic; KifeH 0.067~0.1 mm Bk 50%0) C HEAH
HETRURELGT M AT IR 14 8/ 124 10 #1134
NEARFE R 1.2 g/L WA T Sk ZE o /E i 2 . it
HFPRELURE 5 Bk 22, it ISR P8 56 4 Sk b 2 1) I A
FHR 2

A 53.11%. 41.03%. A WL, CHRCEFET AL B4
B, WEK 11 k)5, C RECHIRE ¢, V5K T 80%, A
84.22%, HPUHIERRNIIERT AL B Hlc. MR
SAIWEKIZ S BERIWT, C RIS 2, A BAEKIREC
14 ¢, M0 A B RISy e Sk 28, JLrp B it 2
FREEWS KT A GRS, ABGREKIRB A 11 7109 ke A
IR TIABUE 48 Zig 451 N e D, T L3k 3.
AR HRLAE >0.067 mm BT 7 LA 5 I E e v A
O D #A R BT, e A e kAR B L]
TR, T 39%, B IR, h 19.37%, C i/, 4 17.93%.
YRR B S IR E B T .
*3 ARRERDEMESTNBLRIRRE L
Table 3 Mass percentage of particle left in drip tape with different
particle size gradation

SR I V1
W‘Ij;/l\ éﬁ? Proporﬁi\;?;cz?sé;ztlzifjtotal/% ?EE{EIE
sed?lﬁ(;nt 0~ >0.034~ >0.067~ depfoslirgzlrlljg
0.034 mm 0.067 mm 0.1 mm
A 21.12 17.16 61.72 103.4
B 10.21 40.97 48.82 82.9
C 9.44 12.37 78.19 176.1

2.2 TERBAKEXRAEEMERIEELRAZN

WIREAG, et T RE ) 480 AR ki
WFEN DL MEALTE DL R, RERRRECSETE T 3 PR E
IR 120 Mg Sk A FE 0 RO . RTGAENS B0,
FRRBCGETE T 40 AN Sk rb i 28 Sk 8o . 4RI 4.

F4 HKREEBFERGIT
Table 4 Statistics of emitter clogging condition
SE AR SR S B
Emitters with HB o3 FET

complete clogging SL¥

Y WELK

Gt K

. . . 0 0
%2 RRSIIEHRARE et o T STt e

Table 2 Effective irrigation timei urfder different treatments nt  water Imrrl)§rt Cekllannn nine  clogging my.
«)é;{') é{f? Fertilizer fffiﬁgm(g.bl) N NF 6 4 150 4 71.43 25.00
sediment 0 1.2 0.6 0.4 FI 22 12 1.83 8 80.95 28.33
A 11 7 8 10 B NF 10 4 250 2 87.50 35.00
B 9 2 4 6 FI 34 18 1.89 4 92.86 43.33
C 14 3 10 12 . NF 6 2 3.00 14 36.36 20.00
FI 28 10  2.80 8 82.61 31.67
M 2 FE 3 Ao AR 3 A0 g, 5 C, ik i NE 220 10 220 20 61.54 26.67
Sum FI 84 40 2.10 20 86.11 34.44

T #3, 3 ORIV I g, BEREZK B e
R AT, UL IR Y R T Sk 2 I 2. C
SRICAFOS U B E 7K O ECE I AR AR P 2%, #EOK 15
Wa, AR E<70%, 1 A F1 B ZRHECAHRHR S BEREK
YRR B, K 11 G, eI
E<70%. #EK S5 NG, KA B WAHXREN 75.97%,
C, N 66.98%, ML A 18 g, C, 73 511 K 83.98%F1 76.73%,
BRI C (15390 93.22%411 91.39%, I A F1 B 20t
FERRUE, T C LI R AEE KIS B AR . HEK
11 %5, A B BBCIRES 138 70k R AR B2, A
B HICAHRT I ¢, 73 WA 69.56%. 62.34%, C, 534X

T NF R RTACHE KNGS, FI G REALRE K 5L o

Note: NF is non-fertilization condition, FI is fertilization condition.

M 4 mTLUEH, KA SE I IEN L ILE 220 4,
W5y 30.6%, H 53 FEW LT 80 A, M FEE N 11.1%,
ERKREBE I R B Sk Lo A 26 0 o fERE MR
AR FE I S B0 A 150 AN 70 4, fERE DM Ab b 58
WL KT, Eyiibabig M 2.14 5. s,
5 AR AT I B AR B LA, b UM RN 9 1 T T R AR e 4
TS B FTE I, A3 A 66 /NFN 30 MK F] 84
AFD 40 Ao H T AR AE AL B 1R RGRE AK IR B 98 n
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RTINSk b 2 K I A 85

BT R AL H R AR 22, DRI, I 50 20 2 2 1D
SRR HEAE P AL EE . XFF AL B FI C %5 3 Fhgiiic
VEK, NESG, 64 25050 H 2L n LU AR 3 8 2 1
53 ML M 2.5.7.0 F1 0.6 39K 5.3.13.0 F1 4.8,
AR S e TR A e A S SRR, AR e A
B FE W Sk 7B 2R Sk B L ER N 61.54% 42 = F
86.11% , 7 &0 Sk T3 Lk 2t AN 26.67% F2& = F
34.44% . S ATIE IS IEN SIS SRR AL R, R I
NEJS, ik RS Ak 55 i Sk PR e A ZC T VP VE K REBE

TEOLAL, HERES N T e T2 R LA, a1 By C A5
M 2.50 F1 3.00 985k 1.89 F12.80, {HHZE /N, Bk
TEOUR, RIS AN S50 56 A b JE 1 S 3 ZE W ) SR AR AL
B OHEAER A 2.10, RHEALE N 2.20)
2.3 HEALREMNEEVMREMS TERS BN

P R 5110 FE A S-4800 MM S 14 2 JTi oM 45 4 ,
030 3% ZE D AT RE B A T A5 S b & 2 2T
FIUR A e F BN AN [ g e 3 € e b St IE Jo 3%
FEYRIL TN 800 15 W75 4.

a. L A, p=0
a.Gradation A, p=0

b. 2R A, p=0.4 gL'
b.Gradation A, p=0.4 gL'

d.ZI A, p=12gL"
d.Gradation A, p=1.2 g'L"!

AR A, p=0.6 gL
c.Gradation A, p=0.6 g-L'1

e AL B, p=0
e.Gradation B, p=0

f.2%1% B, p=0.4 gL
f.Gradation B, p=0.4 g-L"!

hgid B, p=1.2gL"
h.Gradation B, p=1.2 g'L"!

e HHE B, p=0.6 gL'
g.Gradation B, p=0.6 gL'

LA C, p=0
i.Gradation C, p=0
e p NSRS TBOK 800 fifo

Note: p is mass fraction of fertilizer; Pictures are magnified by 800 times.

I C, p=0.4 gL
j.Gradation C, p=0.4 g'L"!

LKL C, p=1.2gL"
1.Gradation C, p=1.2 gL'

KL C, p=0.6 gL
k.Gradation C, p=0.6 g'L"

B4 IR EIERE S TR A iE K B4 b 9Lm a4b 44

Fig.4 Blockage structure under different fertilizer concentration and particle size gradation observed by FESEM

ME 4 R, ALK 3 Fhgglcks ZEYe b K i AH
P, FIORL ) 2R E AN AR, i LU I B 4 /N
FIRE 45059, ABEAER (HA>0.067 mm) Bl &5
Leigin, URIMERR BRI OC, o A eiiin e b 4
ANERE (EAR£<<0.034 mm) FT 5 LRk, Jevb R
K, VeVPHERUR SR, HHERUARSRTH B4 /N e v 25
TERERAI S . By C R HERMATBN, HERUS
FEAIREL AN, JORr A) 2RI 5 59, WORL R 10 X LW B 4
ANVEVD, RIOREMER A ] BR Al /N ORI 7R b . S AR
AHEG, it AE f5 3 ZE VR VO HERUABUR M1, Ring5 i E
AR RS RN, SR O A, RBURL 2 W Bt
FHREZORD T, R F) 4 2RI 70 T B0 I ERA,
Bl i A FE R BG A B h 2%

M 4 30T LU, PN I, il A
X e Vb HEFR 45 R 5w S AN ] o 2 it I AR B R AR A

0.4 g/L I, A ZLFLEEFEY VP BUb IR 2L EH AR
F (E 4b) , ZORYTURE A B H AR SORL R £ 3%
BAEH, (RS0 RN A&, BEE T AL FE (¥ 3
BUR TSR, (HARAGAE RN . RIC B i ZEVRVDHERR
PR 52 Z R P B A A b 22 e B3, AN Ht e I
AHEL, AR 0.4 g/L I, ki a) S28eE T 0, 48
R TAE BTG, A5 OR R AT AR 6T, X4/
T Bt e FI AR RS, VeV HERMAAS BRI (B 4D
B A T IE AR PR 0, R 22V T O Sl 3 i, BORE 7]
LU TR TG 45 R R UA,  MIIRIR X B A
FEYPSVP SR KT A R it IEEAE R 0.4 ¢/L B,
C WAL FEVVS HAH LI C W 2R (B 45D, it
WRER 0.6 g/L 1), ZURYFUE B 3G (B 4k, i
o7 TR 26 4 Y O Sl B i, MR AR R o 5 B e 2R 40 it
WS M RS S50 . 0T BT e v, 4 Ae
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WREN 1.2 g/L, SRHERER SR, DR R L5
Bk, A 800 UK Bl Hh R ORL e vb 2 A W Sk () 21 4]
PG, RURELA] T B2 B ] (128 AT W L (& 4D
it I 58 T 40 /INFSORE T BRI IR, S 78 R K
TORCERE,  BE S G Sk P .

AN A E S FE ) AN R T I i 1 2 L LR 5. il
REX T35 264 GRS R MELDN, WY 32
FE o LS AR 5 TR AL B 22 S B w N . S SEY)
TR ARERR EL, O A Si JCE T s 4 ML A 38%
M 28%. FrAAALFRM N, Al TEZSEHLHEZESR, [

FHRAC, ANFALERR] N JG#H & 827 <0.8%, Al JGHE%E
$<0.9%. C ) P K. Few Mg JCE & EAEANIA AL
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Table 5 Mass percentage of blockage composition under different treatments
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Accelerative effect of fertigation on emitter clogging by muddy water
irrigation

Li Kangyong®, Niu Wenquan'?*, Zhang Ruochan?, Liu Lu*?
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2.Institute of Soil and
Water Conservation, Northwest A&F University, Yangling 712100, China; 3.BaojiUniversity of Arts and Sciences, Baoji 721007, China)

Abstract: Integrated drip irrigation and fertilizer technology develops rapidly due to its advantages of high efficiency, water
saving, ability to adapt to the terrain and so on, but fertilizer may cause the clogging of drip emitter, which draws much
attention. In order to explore the influence of fertilizer on emitter clogging in the process of fertigation, a periodic intermittent
experiment was carried out. Three particle gradations and four fertilizer concentrations (0, 0.4, 0.6, and 1.2 g/L) were desgined.
The drip irrigation with fertilizer and muddy water of different particle gradations as conducted for 30 min each time under
working pressure of 40 kPa. After 4 hours, the irrigation was redone. Then the relative flow rate of emitter and its uniformity
were determined. After the experiment, the clogging positions of emitters were recorded. The drip tape was air-dried for 4
months for measurements of clogging status. The complete clogged emitters were used for observation by field emission
scanning electron microscopy(FESEM) to analyze the structure and composition of the blockage. The results demonstrated that
fertigation had an obvious acceleration effect on emitter clogging, and effect was more obvious in fertilizer solution with high
concentration. When the application rate of fertilizer was 1.2 g/L, the effective irrigation times of muddy water with 3 different
particle gradations decreased by 36.4%, 77.8% and 78.8% respectively; when the application rate of fertilizer was 0.4 g/L, the
effective irrigation times of muddy water with 3 different particle gradations decreased by 9.1%, 33.3% and 14.3% respectively.
The acceleration effect of fertilizer application on emitter was most non-obvious when the concentration of fertilizer solution
was less than 0.4 g/L. The acceleration effect of fertilizer on emitter clogging was influenced by particle gradation. As for the
drip tap selected in the test, the acceleration effect was more obvious in particles with dominated by 0.034-0.067 mm. Without
fertilization, the particle gradation B with content of 0.034-0.067 mm particles higher than 50% was the easiest to cause
clogging, followed by particle gradation A with content of 0-0.034 mm particles larger than 50%, and the particle gradation C
with content of 0.067-0.1 mm particles larger than 50% was the least to cause clogging. Complete clogging was mainly in A
and B particle gradation, while partial clogging was mainly in C. Fertilizer enhanced the flocculation of particles in muddy
water and promoted the formation of stable and compact aggregates, which was the major cause of acceleration effect of
emitter clogging. After fertigation, the surface structure of blockage was more complicated, the gap of aggregates decreased.
Fertigation had little effects on clogging location and composition of blockage. The effect of fertilizer on clogging position and
the main ingredient of the blockage were not obvious. After fertigation, the ratio of complete clogging to partial clogging in the
3 particle gradation increased. Compared to no fertilization, fertigation caused that the ratio of complete clogging to total
clogging of emitters increased from 54% to 86.11%, and the ratio of complete clogging emitters to total tested emitters also
increased from 26.67% to 34.44%. Fertigation did not change the gathering position of the blockage in emitters. The ratio of
emitter import clogging to emitter channel clogging was 2.10 with fertigation, and 2.20 without fertigation. This research
provides valuble information for the application and promotion of integrated drip irrigation and fertilizer technology.

Key words: fertilizers; irrigation; sediments; clogging; acceleration; clogging type



