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Abstract: [Objective]) In order to provide reference for the implementation of water and fertilizer inte-
grated drip irrigation, this study evaluated the effects of potassium sulfate on the clogging of the drip in fer-
tigation with muddy water such as the Yellow River water. [Method] Three kinds of sediment content
(1.0,1.5 and 2. 0 g/L)and three kinds of potassium sulfate mass concentration(10,20 and 30 g/1.) were ar-

ranged. A kind of intermittent irrigation clogging experiment was designed,the changes of average relative
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flow rate and coefficient of uniformity of the dripper were calculated. After that period, the siltation’s char-
acteristics and structure of the runner block had been analyzed by field emission scanning electron micros-
copy. Lastly, the dripper output sediment and deposition sediment were collected and analyzed. [Result])
Adding potassium sulfate into muddy water accelerates the clogging of dripper,and the higher potassium
sulfate mass concentration was,the more obvious the effect of accelerating the clogging was. When potassi-
um sulfate mass concentration was 30 g/L, the effective irrigation times of different sediment content,
which were 1.0,1.5 and 2. 0 g/L,reduced by 4 times,9 times and 8 times respectively and the clogging rate
increased by 30% — 35%. Potassium sulfate increased the conductivity significantly, the conductivity of
muddy water was 0. 16 ms/cm when there was no fertilization,and however the conductivity which potassi-
um sulfate mass concentration of 30 g/L. was 25. 19 ms/cm. The potassium sulfate mass concentration has a
certain effect on the clogging position of the dripper,which has little effect on the inlet’s clogging and has
a great effect on the channel block. The potassium sulfate mass concentration was 10,20 and 30 g/L,and
the total number of blocked flow blockage was increased by 7,18 and 17 respectively than without fertiliz-
er. Potassium sulfate changes the conductivity of irrigation water,affecting sulfate precipitation and resul-
ting in dripper clogging. After the application of potassium sulfate,the sediment in the water is easy to ad-
sorb K" ,which increases the agglomeration between the sediment particles,resulting in the increase of the
complexity of surface structure of the clogging and the compactness and stability of the clogging material.
After applying potassium sulfate in muddy water,the proportion of silt and clay in the output sediment is
larger than that in the capillary,and the proportion of sand is less than the deposition sediment in the pipe.
The fractal dimension of siltation sediment was negatively correlated with the average relative flow rate.
[Conclusion]) If using the potassium sulfate fertilizer for drip irrigation, people should reduce the potassium
sulfate concentration below 10 g/L,in order to slow the dripper clogging.

Key words: drip irrigation;fertigation;potassium sulfate;irrigation with muddy water;dripper clogging
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Fig. 1 Test platform schematic of drip anti-clogging with muddy water
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Fig. 2 Sediment content p, =0 g/L and potassium sulfate mass concentration on

average relative flow rate and coefficient of uniformity

3~5 Ay ik JHE 3ok A AN [ R R e
T U0 A2 A R Sk S R X IR R R K 2 ) R
Wi g 00 o P& 3~5 W, 78 1 7T HE I R B o
PR TR AR o I R K WSO TG S SF 2R I A R

AR R 38 TR A A R U Kb . e b 1.0
g/L I RTENEAN S 10 g/ L B I 41 Ak B i) - 249 4 Xt
Ui ik HE R Y ST E 3 AR R TE 97 V6 N 9504 LA L Bl
THE 7K YRR 8 35 0 3 T A A 3 /0 5 2 i PR



%10

BT S5 < R R A 0T Y K R O Sk B 2 ) 5 ) 5

R Wy 20 H1 30 /L I S B AR X i o Bl 4 7K
YRR 30 R W B2 B A RGHE K B A 16
LUy 1.5 g/LwF, RAEH 10 g/ L fi iR 8 4b
R Sk - 29 A X O T K R 38 0 e s
PR RS s 21 B R A0 o R Y J3E O 20 1 30 g/ L I L i

S T B4R T I S B R K U0 3 0 T R i B AR R
B ROHE K UGy 590 8 A% it S Ak B /0 T 7 YR (35 04)
O WU, BEWEN 2.0 g/L B, i R # 5
SR 3 F VR Sk ST 359 AR G A e RNV K 35 ) BE Y S e
SUE 1.5 g/L b FRILAKA

B3 HUE po=1.0 g/L NG R B BT 5 vk 8 6T ST 29 A X O &t 5 3 K 24 2 B B R

Fig.3 Sediment content p,=1.0 g/L and potassium sulfate mass concentration on

average relative flow rate and coefficient of uniformity
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Table 1 Effect of the average relative flow under diffierent sediment content and

potassium sulfate mass concentration at the finish of dipper %
TR W/ (g« LD Uit/ (g« L) Sediment content
Potassium sulfate mass concentration 1.0 1.5 2.0
0 99.8 cd 97.3 cd 97.9d
10.0 97.3 cd 82.4 cd 74.7 ab
20.0 69.6 a 65.0 be 69.5 a
30.0 65.6 a 67.3 a 65.9 a

T« [ 50808 J5 AR A [R] 7 B 275 28 57 .35 (P<C0. 05) .
Note: Different letters indicate significant difference after the column data (P<C0. 05).
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Table 2 Effect of sediment content and potassium sulfate mass concentration on

dipper clogging location and the rate of clogged drippers

B R /(g - L D) K T 28 VOB IE T SRER L
Potassium sulfate mass Blocked Inlet Blocked Flow Rate of clogged drippers
concentration 1.0 g/L 1.5g/L 2.0g/L 1.0 g/L 1.5 g/L 2.0 g/L 1.0 g/L 1.5 g/L 2.0 g/L
0 0 0 0 0 0 0 0 0 0
10 0 1 0 0 2 5 0 15 25
20 0 0 1 6 7 5 30 35 30
30 1 2 0 6 4 7 35 30 35
2.3 FEAREBREMBERERENBHLEEDSE 6. MK 6 ATLIE L AN AL )% Sk B ETE 5L
LAl R G 7 S AR S T TR ol e AR 1) 90 00 UKL AR X 45

U R R 0BT S I RSk B A B R ORI U A L S R R ORI
WA R IEAME, SR 1.0,1.5 f1 2.0 MEWER 10 g/L. BRERH W E R 20 g/L i,
g/L W RHEAE I 20 g/ L BRIRFIAL BEASAF T Sk 38 SEFEWZE M SR ORI NE A BEAR L. 4 & Vb &
FE W) IO 25 460 1 1 4 P B RS A5 SR (<1 000) DL 1.5 1 2.0 g/L B, 20 g/ L B BR B AL B Y T Sk 1 %€



%5 10 ] BT S5 < R R A 0T Y K R O Sk B 2 ) 5 ) 7

Yoo BUE HERRVAR SR TR ZS A BAER YD MORL R W RIS S % . HLBE A B RR B SR TR A B
R BREA AR T8 i SR AR S A B s o B b S SR A A B R ARG A 0 SR ik 7 Sk 3
T & 5 AR AS AR L Tt B AR BT S R IE I BN B AR R

a.0,=1.0g/L,p,=0g/Lsb.o,=1.5g/L.,p,=0 g/Lsc.0,=2.0 g/L,p,=0 g/L;
d.p,=1.0 g/L.p,=20 g/Lse. p=1.5 g/L,p, =20 g/L;f. p,=2.0 g/L,p,=20 g/L
6 AN [ R 0 o VAR 5 A T) 5 o T S T B ZE 0 1 L A A O

Fig. 6 Blockage structure observed by FESEM under different sediment content

and potassium sulfate mass concentration
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Table 3 Effect of different sediment content and potassium sulfate mass concentration

on the mechanical composition of deposition sediment in capillary %
. B2 £ gy O o : o
ki Cla #h Silt ki Sand
Fﬁi?&fﬁﬂgﬂﬂ) kﬁ*\ y 7”)’7/ /PF
Potassium sulfate _ _ _
mass concentration L.0g/L L5g/l 2.0g/L Log/L 1.5g/L 2.0g/L 1.0 g/L 1.5¢g/L 2.0g/L
0 3 1 4 7 11 12 90 84 84
10 5 4 5 13 13 10 82 83 85
20 7 6 6 15 17 17 78 77 77
30 3 7 6 10 16 19 87 78 75
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Table 4 Effect of different sediment content and potassium sulfate mass concentration

on the mechanical composition of the dipper output sediment %
é‘\?"\%f ﬁﬁ@#lﬁ%l‘mrﬁ/ BikL Clay Wb Silt bk Sand

(Sgedirl‘rllent> Potefsiiurlr; su)lfate HK 10K RIK HK %10k KK HK 5% 10 1k KK
content mass concentration  First 10 th Last First 10 th Last First 10 th Last
0 31 15 19 44 38 33 25 47 48
10 10 36 27 14 45 39 30 19 34 56
20 26 22 19 42 33 31 32 45 50
30 24 18 8 39 35 26 37 47 66
0 27 24 14 45 35 31 28 41 55
15 10 28 24 23 46 38 35 26 38 42
20 34 27 27 42 37 41 24 36 32
30 30 31 26 38 39 38 32 30 36
0 40 27 22 43 35 32 17 38 46
20 10 38 35 22 46 45 36 16 30 42
20 36 33 28 41 40 36 23 27 36
30 31 31 25 43 38 40 26 31 35

2.5 FRERSRXTBE MR D H R R0

5 FUWe T A [ 5 b R R B0 A BN B A
R B R TE B & (CEC) Fi ¥ 4 T8 4E 501
SO N B R B OAE IS TR B Vb 3 R R T R
(CEC) #K . 15 B ¢ 70 M0k 2 11 W B 9 K BB
ARG VD i ik 73 T ZE JORE A 58 P 8 T A0 4 1 I
BT 114 28 55 2 /N UL B2 22 4 T2 1l 10 D8 U0 UKL T 3R A
LSRR A s S s AR U TIOR3 THT R B 4 240 /N A

R A R FR UG V0 UL P SR A 5 4 LE AN T B K
Ui b T R K R . S AT, by 1.0
1.5 g/ L I it Jon 4 T 440 Ak B ) B A 8 U0 I B
M CEC ¥/hF AR ML AL 3, H CEC Fifi i /R B T o
WM R K, HF iy 1.5 2.0 g/L
ST 5t 1 TR Ak £ 9 BR 9 0 2 T 4 R0 AR it HE
R L2 Bt T A o R Ay 3 R K

£S5 QAVENRRBFRERENBERREDHFENZME

Table 5 Effect of different sediment content and potassium sulfate mass concentration on siltation sedimentation characteristics
. . - A B NI Hi %
ﬁ&ifiﬁiﬁf 1;1;51) Sedimfﬁi\tfﬁ/iolume CEC/Cemol + kg™ ") Fracgl’%iigffision
concentration 1.0 g/L 1.5 g/L 2.0 g/L 1.0 g/L 1.5 g/L 2.0 ¢g/L 1.0 g/L 1.5 g/L 2.0 g/L

0 206. 43 165. 14 172.97 75.51 92.10 94. 34 2.03 2.07 2.11

10 95. 81 139. 00 195. 20 67.52 78.02 83. 34 2.15 2.08 2.13

20 90. 02 85.01 78. 80 69. 23 81.65 89.99 2.24 2.22 2.20

30 102. 67 77.29 88. 00 74.42 82.28 95. 26 2.02 2.23 2.22

JRE T FHT 7 114 P 23 4 o 5 A I 4 o e J3E ) 344

GN]

L 5 A it A Ak 3 W K ) pHL (K 8. 63,

Jita Jin it R R IS E R T K ) pH B R 7. 8~8. 2, A A
AhFEZ A pH {22 S8/, £ 6 R AR ST
F6 MEREREREERAAKRSENEM

Table 6 Effect of potassium sulfate mass concentration on the conductivity of water in different sediment content

BRI /(g L) B 52 /(ms » em 1) Conductivity

Potassium sulfate mass concentration 1.0 g/L 1.5 g/L 2.0 g/L
0 0.17 0.16 0.16
10 9. 86 8.52 8.82
20 17. 65 16.73 17.75

30 24.89 24.51 25.19
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A K B VK I AR BR B S B B R 5
VR B T Sk B 2E XU K. A 58 e v
KE LRl 2 1 RF 79,2 18
F TP N HERFLER Y 2/3 B AT 5k Fe' (54,
Fe'" Gy aiad I it Fe™ ™, B0fii 123 (] BH B 1 [ 22 fig
IR A, KT B AR 5 1 )2 B 3
B3 o BEL 1 )2 ) JHC Al B 26 7 1 B ik 3 3T D R
(6] 5 JE WU A B A5 . A 90 A6 ¥ 7K et fin i R
B, K o at R K Bl e v ORI S
SOi 5 Ca® Fil Mg*" 45 & 77 A= it R 5 iR 2 5 17t
E > 2 IR Sk 3 ZEY L B BR IR ) T
KM pH E R 7. 8~8. 2, S %K 8. 52~25. 19
ms/cm, 8 T 5y i i E i Sk B 28 1 K
WA 6 2 T o R P B e R K R Sk B I 1 XL
oz K

Tarchitzky 25" B 58 & B . i Sk 38 2E W) R 1716
22 AR R AN B 1 A 1256 0 R e B3 28 4 T 1 A
TE » U6 A 1 58 8 I AN J2 i Jin . R 91 15 =k 3 2 X
05 38 ) 32 DR L A B R Ak A 8 R A e
AR5 v I B PR A O A R O 1 e Sk O
FIA B80T K OB B A e Jn TR 8 ) 7K AE
A Ak T T A R v O R A Y B v L Ol
SUISSRERULRY A R R RIS e S| 2
Jel,
3.2 MR ELEEYEMREEMENZN

AT 5 Sz B o oA it A Ak B A 3% ZE ) 1A R 1A HL 3R
FAHI JOURE 8] 25 BT 458 K. SR W) Joe 488 /0 o By w5 vl il
Jita I R B I . K K T K ) IR A e VD R
FUE S B R AR AL B (3 FE WY R R A
TR B AR 25 A5 B Ah I B VB CEC Al
Jo 8t 4 A 5 o R R o R R ) 8 Ak — 25 ik B
Jita Bk R A0 NE Ty T 145 A 5 2% 1) )8 U 0B DT SR AR
PR I o it A 0 Ak B 1) 3 ZE ) T TN RO .

ARG TE K et R AL 3 Y I Sk R
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UKL 25 DU BRI 3 B IR Sk B JE 0 85t o 1R
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TLIE N K IR LE . K B AR R IR R W) &) B
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3.3 WA SR XY Sk e 0 A0 B B IR AR W AL

28 P B 52 0
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