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1.1 M ERE

RIGT 2018 45 10 A 12 H—2019 4 7 H 15 H
FEVGIEARMBI R A REE K ) 22350 KT W IEAT . iR
B v g BRI v TR HERTY (Wi 28 )1 7K EBE 1
HTHEARARD, HUEHE 2.3 LM, 1416 mm,

BEJE 0.2 mm, jii Sk Ry i 0K B i, BEKAS AR 8,
JETE 0.8 mm, VIEIR 0.8 mm, A 1.1 mm, Al
PE 3 mm, VIE T 14 4, kSR 25 1.76%.
R REATE 3 m, WSkIAIEE 30 om, A Ak E AT
10 M k.

TR K A B b B s X I LSRR, KB
BN 1 FiR.

F 1 R KSR
Table 1 Water quality parameters during experiment

" P2 CIRGL RSty i A ps¥izs A 4074 5 %% Number of
pH {E

COD/(mg'L™) TDS/(mg-L™) EC/(uS-cm™) TN/(mg-L™Y) TP/(mg'L™) NH3-N/(mg-L™) bacteria/(CFU-mL™)
7.54~7.86 1.2~23 106~152 217.1~3725 8.00~9.02 0.15~0.31 0.53~0.87 <1

W EEED =R T ES I (a kM a Rk
BHBRATD, HIFE5r=45%, N. P,0s. K0 Jiifth
731515125, BURRMIA, mBHERL Wil oA T
BURE, T K EIL AR, pH i 7.33~8.10. A
e A N MR 2.

A 2 RRIRET A ARERE
Table 2 Compound fertilizer solubility at

different water temperatures

)&% Temperature/C 10 20 30 40

WSARIE Solubility/(g-L™) 2.6 3.0 46 48

PEETFREK 20 he FRAIAFEEE A S, B4 N IRy
BT I IE KA KA, FE ST R RE T AT R — 4
W W AT 3 Fon, Tk, It
80 41, Rp4IAFE3IANEE.,

%3 R

Table 3 Experimental treatments

[X1 2% Factor 7KF Level
& Temperature/°C 10 20 30 40
i£47 K /) Pressure/kPa 20 30 40 50

I 5 9 ¥ Fertilizer concentration/(g'L™) 3.0 40 50 7.0 80

AR 6 2 GB/T17187—2009 (A M i 4 %
g Sk MR E Y BRI AR B8 Uy k) B8 suT
67.1-94 CIMREHE /K #8— S ) POV R [ B o b FE T 5T
vt e PO i e, A 1 TR S H R R
(R 60m, WAL 20m, TR 3mih). A
SRS (0.3KW, 1390 r/min). & H#E (A
AR AR AR, #=FE 0.25 MPa, /¥ 0.001
MPa). ¥l I, 120 Hidyges. Ui
JEEEIge (EOEREE 0.1 °C, MFETE-9~99 C).
TR U B (220 V, 3 kW) LUK FRIINR
THHEHT 2 o
$iiHE R Pump

KL Flow direction
% -
[

I

T

UZYn#ittHeater
17 ik 4 28 Electronic thermostat

il SkEmitter , ¥4 Drip tape

/Kfti Tank

1 23 4561728910

[] 3 #iFlow recovery tank
Ji /3% Pressure gauge

&1 1Valve

B1XEFsT ER
Fig.1 Test platform schematic
1.2 X3t
IR HERE , 2 i Sk ZERI SRR
PO K R A L I, EKIRETED A 1 h,
R 2 h K LR, 1d#EK 5 IR, 1S 4d, BR4kb
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B UCHE K W 1) 0 3 45 Sk i &, JFR AL
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X
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-t
b g N RESRTRET 2 SRAE LI PR R (LD
FRZ S AT

THOHE T REHE AR BTGP , 2430 SR I B 1R 25%
I DA il Sk A A HE 2, TR I 8 BT REZK B 2] &

H CU>85%. A&-Ab P 1 ZE I Sk Bt i AL L
SR A RR TR

2 ZRESH

21 RESHEHKERNPMZE

W& 4 AR, W 384T R P<<0.05,
Ui R S A Dra (158 IA 2 K
- RGN SRk FE R I R . i AR R
v ZWERZ AR TAR R ARIE B FH K (P>
0.05), Ut B I I Jo i ik o2 S = IR 3R 2 ] R A2 T AE
XF 5 FE KR AN A

R4 RIEHESMER
Table 4 Test result analysis of variance

T . ) WX FRIRIE ) X TR )

Tr ZEH . ) TR LEE X H g L X g Xk
i i) - Temperature X Pressure X
Source of Fertilizer Temperature X . . Temperature X Pressure X
i Temperature Pressure i Fertilizer Fertilizer . .
variance concentration Pressure . . Fertilizer concentration
concentration concentration
P1E 0.042* 0.043* 0.074"™ 0.079"™ 0.391™ 0.279™ 0.138"™

o O*RORTE P<0.05 K PEF B, ns BRZERAERE (P>0.05),

Note
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* Indicates significant difference at P<0.05 level, ns indicates no significant difference (P>0.05).
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Fig.2 Effect of temperature on Dra, CU under different temperature
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2.2 mEXHKEERN G
2.2.1 BENIERAR TR BN H

WL BE R A AR & Dra. Y502 2% CU 195
a1 2 oo NI 2 nT LRI, 20 YR#EZK 5, Dras
CU ¥JEHH 40 'C>30 'C>20 C>10 C. K
2 (a). 2 (o) mTLARIL, 10 CAab¥ifE 20 kPa
% 11~13 kKK Dra BILBH 2 _EF, 7r 50 kPa T2
12~15 YK Dra L S _ETF, UiHH 10 Cinfis g€
-HUEILS I ks i ST 4 30 "C A 40 CHY, Dra
(R AR PR 5 ok SR CU BEIE /K R B AR AL 3 R (P
2 (b). K2 (d) LRI, CU XA 10 CHAE
TEMITE, AR B4 N 3 JE-TE VeI S I AN 2
4 Dra. CU R{IGHL I, 10 CHF Dra. CU
BrlmEe k. 11~13 KifE/K Dra [FIFFRH R, BARILA
I RA7AE Dra /NEEFFILS, AR B 4 A

5%LLAN, H CU 24 FASA LRI G o S 1)K,
i JE K Dras CU FFIREOR, FHeil T {E Dra.
CU Btk N AL AR PR
ANFIEAT D) T E ) Dra. CU 48 mife
FEARTA . # 20 YGHEK G 10 CHI40 C FA[FIE4T
77 Dra. CU ZALHEHLA T3 5. & 5 w LKL,
FHIFIHEZK 20 IREAET, WifE 10 CHH% 40 CHY,
20 kPa Dra 1 i1 50.64%, 30 kPa 111 39.97%, 40 kPa
H40 26.77%, 50 kPa i) 15.24%. R LLKEL, FHi
WX Dra (14 s i BB s 0 T iy . CU
BRI 5 DratH A & i 10 CHA40 C,
20 kPa CU 1411 105.28%, 30 kPa 411 79.98%, 40 kPa
H4n 54.32%, 50 kPa #4/11 28.06%. HULAFH, FHim
MWEEXT Dras CU [ A% B Rl 1R 07 B T v T ek s

%510 C#= 40 ‘CTF AFi&E4T/E A Dra. CU AL
Table 5 Changes of Dra and CU under different operating pressures at 10 ‘C and 40 'C

ZH 10 'C 40 C

Parameter 20 kPa 30 kPa 40 kPa 50 kPa 20 kPa 30 kPa 40 kPa 50 kPa
Dra/% 25.34 38.70 56.56 70.34 75.98 78.67 83.33 85.58
CU/% -39.61 -12.55 16.72 45.61 65.67 67.43 71.04 73.67

gr Lwrgn, SPRIAOR R Dra. AR R CU
F e s Bt i 252 B A T 19K, T it B2 T 4 Dra, CU
PRRARA; ETEREEXS Dras CU 52 mfe B bl
JE I T T o
2.2.2 BEAMNHERBEEB RS A AL B0
Uk 2K b 2 2 R B i Sk o A A B AR S B R 6
I
A6 RRBRETHERBMEF RS AILE
Table 6
distribution position of clogging emitter

Influence of temperature on clogging rate and

AT Treatments HETEZ % 1 FE3 Sk 534G Distribution
Clogging rate position of clogging emitter

50 kPa. 40°C 13.33 7. 8.9

50 kPa. 30°C 16.67 6. 7.8.9

50 kPa. 20°C 23.33 6. 7. 8. 9. 10

50 kPa. 10°C 36.67 4. 5. 6. 7. 8,9, 10

20 kPa. 40°C 23.33 5. 7.8.9.10

20kPa. 10°C 73.33 2. 3. 4.5.6.7.8.9,10

30 kPa. 40C 26.67 6. 7. 8. 9. 10

30kPa. 10C 66.67 2. 3. 4.5.6.7.8.9,10

40 kPa. 40T 20.00 7. 8. 9. 10

40 kPa. 10C 46.67 4. 5. 6. 7. 8,9, 10

50 kPa. 40°C 13.33 7. 8.9

50 kPa. 10°C 36.67 4. 5. 6. 7.8,9.10

2% 6 n] WL, B47 Ik AR, R b 2R
k5. 50 kPa | 40 CHI%ZERN 13.33%, HIERE
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EF 7. 8. 9 Fik; 30 CHIEZERN 16.67%,
6 Tk KA TE; 20 CIIHZEZ N 23.33%, 1#HZE
RAT 6~10 Fik; MiREEFFEE 10 CH, M5
RIER 40 CHEIN 23.34%, HEFERESR 4 5. HIL
AL, R PR S ] B . TR BRI, IR
VR FE BRI, K [ RSO T B 1K, ¥ Sk 1 XK
e, TEACKHEVRIMILFEER N, 42 pEAG IR %
G ER R HE AT 2 g A TP T R

FARTE LR o] LB B P 9 2, (AR AT
JE 3 R T v A () ) 1 2 2R (1) PR AR AR PE AN ]
I H 10 CTHE 40 CHY, 20 kPa i ZE %[44 50%,
30 kPa [#Ik 40%, 40 kPa B#{I% 26.77%, 50 kPa F£1I%
23.33%. ALK, F ik Bt 28 2 I A I B2 il
AT DI T S o

Zx LRI, SRR R SR T o b
(1 B AT 82 B G T ) IR T v T8 s 3% 0 Sk — e oy
AT T RET R0, B A I R 0 BRAG, 3o AT Wi i Sk
B R A TE
2.3 BITE AN ELEENEM
2.3.1 BATE NS EKREAI BN "

Kl 3 Wi 20 CHAFIZ4T R Dra (B 3
() CU (3 (b)) BEHEARXREIAZN L. H
3 (a) nJ M, 20 #EKSG, BATHE 1N 20, 30,
40, 50 kPa I}, Dra 437 F% %5 40%. 50.52%. 62.32%-
75%. W %00 SN, Dra FRIEESK. HAXAE 50 kPa
i Dra KT 75%, HL 139/ T 75%. i 3 (b)
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Al WL, 20 IRHEK G, 384T 10 204 30+ 40, 50 kPa
I, CU 4%/ 45-19.11%. 6.67%. 33.33%. 58.64%.
AIAE )N, CU BRIEBOR . 20 IKHE/K S CU fE%
JE R AR T 85% HAE 20 kPa HLE R ME, HEK

Vet 2. MESRE, BEAKREMFEE, &17E7)
/N Dra. CU [FIE#K; 50 kPa Ef # =1 Dra.
CU H.Dra. CU ZEAkAExFFa.

100
100 [
9| gof
80 | 60 b
. 70F <
g S40
= O
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60 |
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: 20 .. Oevne . 30 kPa
o © 30kPa o ———v—- 40kPa
——-v-—- 40kPa ol T T S0kPa
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aaaaaa Dra=75%
30 I I I I I I I I I ) _20 1 1 1 1 1 1 1 1 1
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BEIR UL WEAK TH
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B 320 CH REi&AT/E# T Dra. CU
Fig.3 Effect of operating pressure on Dra and CU at 20 C

2.3.2 BATE N TR EBFER BRI OHFILE A0
W 20 CHSANRIEAT He ) F B 2830 S b 280 3k
I EI TR T,
AT 20 CHAREATENTHEFRERBRSALE
Table 7  Effect of operating pressure at 20 “C on clogging
rate and clogging dripper distribution position

b FE THIERI% B g Sk A
Treatments  Clogging rate  Distribution position of clogging emitter
50 kPa 23.33 6. 7. 8.9, 10
40 kPa 36.67 5. 6. 7.8.9, 10
30 kPa 46.67 5. 6. 7.8.9, 10
20 kPa 60.00 3.4.5.6.7.8.9,10
i 7 WA, JEATFE B FER . 50 kPa

AbFRIR TER A, IR T3 6. 7. 8. 9. 10
5y R JIBER AR 20 kPa B, BEIEF LTHE 60%, 1% %E
TR0 B A P FE I HHg HEATY S P B R R A 3 S Sk
BT K SRR AR, T EATY e A R 15 R,
AT AR RORL e 04055, B9 N T [ A0k 1 FE i
TER RS 384T B SRR I BSR4
B TE thig e AN T I T B . SRR, B
FERGIEAT I ) A B — R A T HET 5
B, BHIZAT D7 BRI ) i A AP B R
2.4 MRREIRE N HLBEENTMN
2.4.1 P 2R BT E KR AT R G BN
WEETEEA 20 C AR EWKE Dra X
CU B #E/K B AR L 4 fro. W 4 (a) ATed
KL, AR R SRR, Dra Jl /Mo, 20 UK
Ji 39/L. 4 g/L 47 Dra ¥4ERE(E 80%LL |, H.3g/L

# 8~15 Y KIBTFAE A Dra T BLS: , b JE R
B M 5 g/l MIAESS 18 HEK kN2 75%LL K, 3
FERE IR . & 4 (b) "W, CU W /Mg FERE
TAE T FE R ORI K. AR 20 WKHE/K ) & InAE
JREWKRE CU KT 85%, {H 3 g/L i 18 ki /K CU
P)UEREAE 85%LA I, 5 20 YK CU th AE4EFF 80%,
WEK IS PERC I s 4 g/l T35 16 IRIEZK CU Yk 22 85%
PLR IFAE 20 IRRE/K G 4EFFAE T5% /i 4 5 g/l #E/KIY
AR 22, 20 YGEE/K R CU AXCh 60% HAXA 7 UK
CU KT 85%. ki, #HIAHEK 20 k)5, e
IR EHOK Dra. CU Jd/MBRK - 3 /L 3 2E KUK A%
Dra. CU ZBAbAHNFAa H 4 e Ko

L 20 {R#E/K G Dra FREEEIE 25% A brifk, #R9T
AN T B2 M o e A o B R AR A 1 Ot o UL RE T
L 3 /L I s s B A 5, ALl 20 Yk#E/K JE Dra
AL, 47 20 KK G Dra FREAEL 25%, v
VeI HE R GUIT R R, [RIINE I 1 g/l ek
¥, HZ 20 YK G Dra REEELE 25%. #7 20 K
KJG Dra L 25% A A 1Z i AR B A4 2 i
JEE T 1 o AR A P58 s o AN [l 5 o A o A
BIEA T3 8.

P 8w DL, R, 0 A P A R K
JK T AR o R S R . B RS 10 C T
A 40 C, JERNAMERLH 2.6 o/l FH3 4.8 g/L, N
JIE o A P BRI T 4 g/ ARV 3 8 g/l ATk
TR 1.4 o/l JH2 3.2 g/L, Ui ER =
REFE i I IE 5 2 3k P82 80 L o /A 7 485 7 (] A UYL 1) g
7o W BETE I R AR 52, A4S I IS ot e A< i 1
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Fig.4 Effect of fertilizer concentration on Dra and CU at 20 C
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v
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Table8 Thresholds of fertilizer concentration at
different temperatures
5 Temperature/'C
2 Parameter
10 20 30 40
JEERZ R Fertilizer solubility/ (g-L™) 26 30 46 48
VR S
JRNE o k4 L 40 50 70 80
Thresholds of fertilizer concentration/ (g-L™)
] A R T A S

. 14 20 24 32
Solid particle concentration/ (g-L™)

K9 20 CHHERFBRMRBLSAILE
Table 9 Effect of fertilizer concentration at 20 ‘C on clogging

rate and distribution position of clogging emitters

posit HEERI% 3 80 S /3 A A7 EL Distribution
Treatments Clogging rate position of clogging emitter

3g/L 6.67 8.9

4g/L 16.67 8. 9. 10

59g/L 23.33 6. 7. 8.9, 10

242 et B IREATHERFEBRMEIB RS HALEL
A

949 20 CHFIAC IR FE Xf 3 FE R K b FE i Sk oy
AL B R 50 o oA R A FEE i 1 5 vy
3 g/L Kb BEEEFERAL K 6.67%, VA 8. 45 9 Sk
RAEEFE, WA AL IR A 5 g/lL, HIER
TI 48 23.33%, £ 6~ 10 53k R A TE . IR
RSB, [ AU AEARE R i 4] 58 A 3 E L 1 X
B3N, 0 bR S48 2% BOAF AT A4S 4% JE bl i s 2 3
AW A B R . g5 LBTIR, 3R S AR Rk
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34t g

T X S b FE () M A Ry S s o LT T v
FH K, A T KRB [ R R PR B 7 o {ELTF]
AN PAE ) | W\ RN A ) N o AN T
WBIY) Sy, — e RE R ERR A SR A4, 38 oK sty
[ RSO P B P ARIG TSI R B, A0 P T e e A
G I S R P R AR A A UK . iR AR A
5 R AR A B R AR B AR Ak, A4S K8 v [ A s
JR R FE R, BRI Sk R . T
JEI 8 A P 18, A i e PS8 o {4 v, K48
[ A RURL e IG5, Sk PUiE eV REBR s TR R
%, RERRA R EE Uk DS, ] PRS0 T Sy E R N, 30 Sk
3 T DA B8 K o (ELRLRE X ik Sk ZE 1V e B A T 7 1)
FHE BRSS9 Sk 20 kPa I, T B xi
Skt T R IR PR AR A A B s, Bl TR 7427 48 50 kPa
N, T v ek JEE S AT Sk 1 2 AR PR R R 55 U 1
F 7 B4 A AR R (RS B WSS . MR T &
100 kPa 14 200 kPa I, 8 F e 2 ot v Sk vt e 1
SR L,

ELE — 5 I B RS AT B ) A8 0 2 PR Sk b
TR 5 713 00 S R A P 98 v U 73 S o 2 1 FE 1)
KK, ARG (<50 kPa) 147444 K, i84T/%
77 178 A, 5 LR M I A 1A R DL B AT JRE B R A F (1)
AR, BRI R ) BIEALE 40~45 kPa 2 1P, 4T
YEF 3 P<<40 kPa I, fBH P (38 ks>, %5500
TRANER; M TAERJ) P=45kPa i, EEFH ALK
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ARG ) 3 (34752 AT 13 1 I AL 141 2R 44
TR, AR TR R TSR AR, [ RSO0 5 il K
Jith, 50 kPa AbPEEETEREERE . ARKPTE
HNEARRA MG AN, pH (E1E 7.33~8.10 ZIH],
JE TP ZEVE ], By s K T | B R T BRTTE -
DAL SRR FERE I, K KR SO4 85 1 $0 A1
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The Effect of Temperature on Emitter Clogging in Low-pressure
Drip Fertilization System

WANG Haoxiang', ZHANG Xinyan'", NIU Wenquan*?, LIU Min*, LI Bin'
(1.College of Water Conservancy and Architectural Engineering, Northwest A&F University, Yangling 712100, China;
2. Institute of Soil and Water Conservancy, Northwest A&F University, Yangling 712100, China)

Abstract: [Background] Drip fertigation is an effective way to concurrently replenish water and nutrients to meet
the demand of crops, and precising fertigation can improve water and fertilizer use efficiency. As the key component
in drip irrigation system, the emitter is to dissipate the pressurized water ensuring that water is supplied to the root
zone uniformly and steadily. However, the emitter is also susceptible to clogging due to its narrow channel through
which water flows. Emitter clogging is affected by many factors and what is less understood is the role of
temperature. [ Objective] The purpose of this paper is to experimentally investigate the effects of temperature on
emitter clogging in low-pressure drip fertigation system. [Method] Using a short-cycle intermittent irrigation test
method, a completely randomized experiment considering temperature, operating pressure and fertilizer
concentration was conducted to study emitter clogging in attempts to find a threshold fertilizer concentration beyond
which the emitter is susceptible to clogging. [Result] Rising temperature and operating pressure while lowing
fertilizer concentration reduced the risk of emitter clogging. When the working pressure was 50 kPa and fertilizer
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concentration was 3 g/L, the dripping rate of the emitter peaked at temperature 40 ‘C, the clogging rate was the least
and the irrigation uniformity was the highest. The threshold fertilizer concentration varied with temperature, being 4
g/L, 5 g/L, 7 g/L and 8 g/L when the temperature was 10 ‘C, 20 “C, 30 °C and 40 C respectively. [Conclusion]
Rising temperature and operating pressure, along with reducing fertilizer concentration, can effectively reduce the
risk of emitter clogging. While rising temperature increased the threshold of fertilizer concentration and the ability of
the water to carry solid particles, the efficacy of rising temperature in alleviating emitter clogging decreased as water
pressure increased.
Key words: Low-pressure drip irrigation system; temperature; fertilization; emitter clogging; fertilizer concentration
threshold.
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Effects of Drip Irrigation Schedule on Water and Salt Movement in Soil

CAO Zhenxi', LI Yong®, SHEN Xiaojun'*, SONG Ni', WANG Feng', WANG Xingpeng®
(1. Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences/Key Open Laboratory of Crop Water Demand and

Regulation, Ministry of Agriculture, Urumqi 453002, China; 2. Graduate School of Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 3. School of Water Conservancy and Construction Engineering, Tarim University, Alar 843300, China)

Abstract: [Objective] Salt movement and accumulation in soil is modulated by rainfall and irrigation. This paper
aims to elucidate the impact of drip irrigation schedule on water and solute movement in a farmland soil. [Method]
The experiment was conducted in a saline-alkali rooted soil, and we compared three two dripping rates (per emitter):
2.8 L/h and 5.6 L/h, and three irrigation amounts: 22.5 mm, 37.5 mm and 52.5 mm (per emitter). [ Result] When the
irrigation amount was the same, increasing dripping rate increased the radius of the wetting front, and made the
moisture distribution broader and shallower and the surface soil more moist. When the dripping rate was the same,
increasing irrigation amount increased both the radius of the wetting front and soil water content. Soil salinity in top
50cm soil layer increased with dripping rate and irrigation amount; the desalination radius and desalination depth
were 30 cm and 60 cm respectively when the dripping rate was 2.8 L/h, and 40 cm and 40 cm respectively when the
dripping rate doubled.l Conclusion JOur results showed that the desalination was best when dripping rate was 5.6 L/h
and irrigation quota was 52.5 mm.

Key words: irrigation schedule; drip irrigation; water and salt movement; desalination
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