&l TR Ik

Transactions of the Chinese Society of Agricultural Engineering

F3aHE Fi1zM
2016 & 6 H

Vol.32 No.12
Jun. 2016

- R ETER -

e Ik ZE e AR R Gk STE AR S R A& VRN
BEL, KEA, R4S, AERY, axs

(1. PHAERMBHHORE R IX AR TRAEME AL E, B 712100;
2. PHIbA MR K [ R XA KR 7T, i 7121005 3. B E TAEGUKRI S AL TREE%E, ME 330099)

. AR ERIEREN B 52T, B AR SESTN T B IRRER I E 2 (0.05. 0.105 0.15. 0.20 1
0.25 MPa) FEEARE R (G —dm SRR B ) — o A ] op (LK) X R GU K S HEARIS ST MR s . 25 51
F, it U ity s 2 5 D A T SO K S RIS e B AN S 2, (R A 7 K R K 38 S A T B i 5 i U
WSt R 22 o ST 9N — i AN ) PR 4K, e M 9 oty S 2 o e 22 0 e (R B2 M A B S5 25 /K7 (P<0.05), T AR i) — B AT
9 1) r ) 7 RS S B R 3 S 22 AR S AT MRS AN . BRI S, TEIS ZE A0 R G E K S S AR Tt AR 3 S bk,
K RIS m TR K 720 R T R PR E 5 R 22 AR R e K S R AT ) 351 5T 1, SO Sl SR B e K

EIEAE TN, RN ERCERREM G2, EK RS E T .
EHER: EBE; oA A% EEXseIREE JRRKEZR, HHE

doi: 10.11975/j.issn.1002-6819.2016.12.014
hESHES: $275.6 WHAFRESRD: A

SEHES: 1002-6819(2016)-12-0096-06

BER,KEC, RIE, SR, A%, BEEEREAGEKSRBHAMHESITFND]. RIUTEFIR, 2016,32(12) :

96—101. doi: 10.11975/j.issn.1002-6819.2016.12.014

http://www.tcsae.org

Fan Junliang, Zhang Fucang, Wu Lifeng, Yan Shicheng, Xiang Youzhen. Field evaluation of fertigation uniformity in drip
irrigation system with pressure differential tank[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions

of the CSAE), 2016, 32(12): 96—101. (in Chinese with English abstract) doi:

http://www.tcsae.org

0 51 B

T VR Tt I 5 AR S A1 90 7 ol R 7K ) T e P 7K 42
JERE,  SEBUKANIE — AL ORI A 2], BIKIE— A4k
HARM . Ay — i U K IEROR IR AT 2%
B v K IE SRR FH 28, SR M AR bk B VR A ik 2 e
AR R RS e B B . BT, WEEIE AR
WA He 22 A AL SR AL . SC e BRI, B 2 A
TENEAE o s 22 2t AT B A 2 2 00 Y it N 6 i e s 22 0%
PR U N HREE IS, PR IE R . TR K
A B IEORE AR /NI B v e 2% SR AR S PR )
gk, DA HEN L2 AR YR & B USOR)
FY o ST BRI 25 A0 b A7) 23 N AR 25 AT SR BB 1 E 1Y
IR, (HRATE ACKBUR K, J5& /& 2 sl /A
WH, BATHARR, (EHAMET AR ZB] T g R
Je 22 A AL e LIS N IR, SR AE S 4R s i
T R TR ORI RS AR SR O AR, S R
RGN B ) AP AR B, BT RN

Wk B 2015-12-02 BITHW: 2016-04-12

REWH: ERARRFREETH (51509208); FREHAMIIT L Bt
(863 D BEHIIHE (2011AA100504) .,

fEZ Wi JEFER, B, BREEGA, WL, JHW, FENETOKERS
HEARTT. Bk PRGBS KR 5 5 TR %P, 712100,
Email: nwwijl@163.com

MBEES: KES, 5B, BERIIA, Bt iz, WA, FEN
HYKEBIIS SRR I W PR RMRHE R SRR 5 @5 TR
BE, 712100, Email: zhangfc@nwsuaf.edu.cn

10.11975/j.issn.1002-6819.2016.12.014

HRTS

VEE 7K 5 Tt S 49 S AP A A i Tt I R Mk RE Ao
ME bR, KL ARG BTN TN EES
BT it NS AR i RO B R A T PR W I R
(¥ dp S BEARFAEN ST, e L A s 22 2 5 ) i I 11
YR IA FBE  i 1od ER A t JE F TRD F B R . o S
F e LS 0 9 iy s 22 A, DS VAR T DR R B, it
JIEERF TR o 2% A A S5 PI7E FR B VPG 1 3 T HE R b
ZAMENCHE . S RIRAEAS A EI AL R 3 Pt
BERIVERE, 5 HIETBOAR B A W ok 3 B8 22 U NS HE
VE 7K 5 it AR 72 22 B T 0 Fr BRI 4% A0 B A S
Ho IR, ANIR 22 T MRS o R 0t i 1 I 22 i I 2R
UK NELY SIVE AR ANTE A o X T VR s 22 i S A% &9 17
Ho BRI 2, B AT B SR R R 4t
VE KA AL SIPE R B R o IV T 0 1R =
T VR B I R R [ A L AR S E K SIVE I REN R
BEEARAAMGER, SRR, ACkIKRBOR, Wi
TEM AT B KSR TN E. R, AREE
A5 B AR ARG SIVER A B T, 45 ERTE, [
P A o R VEE R G E K 3 ST PR LA ),
{EXT R VE R GO K S HENE B SIS A PR b,
I R T N FH (10 R s 22 it S AR e UK S i AR X SO
AT T AR IARTE o A e A8 25 & VA AN A
it L 4 o s 22 AP TE AT BT 3T ARG K SR X2
P, i e T 22 T I EE 3R S O AL AL T A AT A PR
HRLA AR -



%12 3 T IS ZE AL RS K S Y SO PR LR & PR 97

1 NS

1.1 REHE

AT 2015 4F 5—8 AETIILRMBHRF R X K
MK = TR B B A S50 5 AT I 1)1 7KV 6 g
17o SICE LR % KR SRR B Ae e AR AR, SR
72 mx7 m KPR E AR (B 1D o W ESR A
IKFEINE S R 8, BEM KRR I R K. k35
EABEZ SOmm BERLEE, ENERZ 32 mm B4
B BERAWNEN R WEY R E )N TKER K
HIEARATD , N 16 mm, #H%ELE 50 cm, %
U 1.5 L/h, J#%ETA/EE 77 0.05 MPa. JEAEREE N 251
Ji 22 At ARG R AGIE s KA FD 5 ARk
FSEME KCl (K,0 JAES$=65.2%) (F1LEPRLAE
A AT o HenLEE B 2= A T ERs.
WIER TR KREARR, Hf, &HdER (BER
32 mm, FEJE 120 um) ZEELEIOHE G R B R B oNE1%
JE S0 22 F Il bR, 4% ) i e I E N
JEZEFIGHE R G IS f) . 3801 R 3 A /K 2 A
BT, DB E K BN BT T SR I 2 . N ERIE T
WETEIE E NS H N IBT, MEAREEE O E TR &N
0.05 MPa.

—_— ifﬁB‘ranch pipe * HUFf fiSampling point
— B (M) Hair canal (dripline) <> /7K [1Intake
72 m

=
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a. Pl — itk
a. Water supply from one end longitudinally

—>z

b. Pk
b. Water supply from middle longitudinally

d. fg g e A K
d. Water supply from middle transversally
B 1 KK g B R 5 A B
Fig.1 Schematic layout of water supply lines and sampling points
in experimental plots
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WA P T 1) CON D AR 7 2R e, KJEIN 72 m,
Iy B MR — (B 1a) Az E (& 1b) YRS (a4
B SCE RS K TR K, AR P %

1 m PR (D BE Y M B 58 B 7 1) CREDD) A s 72 2T
W, KEYIN 7 m, R (B 1o Ardra)
7 B WS TR A ) S R A K (B 1D AR R ASAE
FrifE EP458U, BASEFHL 90% (1.7%~2.4%) , iR¥ ik
JE 48 MNIURE s N T BB AEMEM—EUE, K5
T HR I 53 A i (0 SR U R, LR yR R VG 7 1) 1 L 12 ANER
FERi, BUREASIEIEE SN 6 ms WYREALTT B 4 ANEURE
BUREASEEE A 2 m (B 1) o N TR LK S &,
TR HURER Sk T2 8% /NI 2 BN 3 L &AL,
REM R S HEFTT.

FAK R AR e, 290 2.0 m’. B
2 kg SUAC B IR LR Tt A6 PN C I A 25 L AR, FE e oy
WHE, g SRR A 5T, LA A5 i AR A 5 B
NIBEHRE o FHAIGT IR CHRURE IS 20 BV JE o5 00 46 IR
WK 4y ) SRFRSHEACEE H DARBORE A L. H
TSR A T e B, R R A R
Fio JENETFAAHT 10 min &R 1 min K4 100 mL S ALAIE
W E R T2, S RERR S min SRAE | IRFES, 4R
SR AL B 5 T 7K S R I LSRR CIEVRAH
FHRE<1%) o BUGRERT 10 min REEEK, £ RG 5%
SE, SRR FEAEEETT AR E N B, BELE 2 kg IR,
BE )5 B IS K e 1, BELESUE K EREE. BURENE
MRITFEE R 40, R4 W 5 HE @ e A8
PRE AR, RN FE3OK B B S 34y CH4: 3 -4E 7]
ZAF)D ME MR BT E, HAEE 0~199.9 mS/cm,
FEE+0.5%) o SR JG HF e e M AERIKRE 5B SR 1K
Fx M 200 LA O REIBOR FE RO P 5 ¥ A AR 1) 3l
R A it A
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FRIEZE & TS O RRRE =TRITTE
K2 #2275 FARREZ (0.05. 0.105 0.15. 0.20
A1 0.25 MPa) Zcf4 T it JIEL S H 11 M 3P T 4 P o 1] 11
TG B 2 WA, IR BE R R 2 SR B A
JELER IR, S T R 22 2 AR B A e AR A e, £ AT
it 25 (VR FH R 32 3 R 1K AN gk N e I R P #
RBFEA IR, 38 A AR AW . 220 0.15,
0.20 10.25 MPa I}, fEHI 46 15 min P9 AETRIRE R IR B,
1M 0.05 1 0.10 MPa J& % 54 T, #EH) 6 30 min 4 IR
FERBEIRR, 2 JasiRETE T g, T H AR B A
FIERAIKT. JEZ 0.05. 0.104 0.15. 0.20 F10.25 MPa
T, HEARRTLE 75, 65+ 45. 30 F1 25 min A4, AERHE
AR IR LI BE  1%, WAk fe i, I i A B
IUFR B RKY) 20 g S AL AL, BT LI A it JIE 35 A 45
Wo TEANTE R 22260 N ETRAR XTIk B 22 S B 2, 9
41, 5 F1 30 min 5, 0.05. 0.15 A1 0.25 MPa J& 2 %1
T HI BTN XS W E 7 BN 78% 61% 50%F1 15%.
3% 1%. VLA E & —En, fESERZI,
U S8 P ity %) S 28 A, YA Ko A B /0N 5 g L e A
R V9 i (1) P 2 R, e A R AR A . 1z s RS AT
BIF 70 8 BRI AL, 3 R TR Ay i RS B 7 oy R 2 K
HEN it JE G TP ) K R IR R RO, AT E T KIS
SR A MR PO IR & 5 B k.
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Fig.2 Changes of relative fertilizer concentration with time at
outlet of fertilizer tank under different pressure differences
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Fig.3 Variations of discharge volume of each emitter along
longitudinal direction
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d. Water supply from
middle transversally

12 24 36 48 60 72 "o
HhH 1) B 2
Longitudinal distance/m
c. Bl — iy K
c. Water supply from one end
transversally

B4 ZRkwREELERETE (HE) 8
7 18] ZAL T L
Fig.4 Variations of fertilizer mass of each emitter along
longitudinal direction
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a. Yl — itk
a. Water supply from one end longitudinally

&

S

L & i
Total fertilizer amount/;
[3S]

b. Bl oK
b. Water supply from middle transversally
B 5 /R £ A 0.15 MPa i Hhibs) —s KK G fAR e
A A AR F ) Z A
Fig.5 Three-dimensional plots of total irrigation amount with
water supply from one end longitudinally and fertilizer amount
with water supply from middle transversally under differential
pressure of 0.15 MPa

L 0.15 MP jite A HE W g R Z A5 00 R, Gh1al— i fH/K
VEE 7K R ARV i) v T 46 7K R it A e S 1) = 4 2 [R) 40 A R
B, FTLARIL, PR —umttk o, Sk K
SRR I VR R A el RIS B[R] 7K B VA )
WA —ERFERAEL (B 5a) o sFTREmatK, &
Sk L i R T L A IR v ] ) R s i 3, LR RS
7] [FEREA IR FE R 2 (B 5b) o ANEHE MK EE
R it A e R R ) 1) 36 Ok 2 B K IR AE SO K
TV TP B KSR PR AR BTG R, {H R T R A ) BE
K1, SYNEKIARGAREL, R A T
2.3 A REiERERREEMEEREANES TEK
SR 5% 1F M~

TVE R Z i I8 R G AN R 24 T HE /K S 2 At e
MBS R g 1 fron. B3R 1 Al 50, REAH
A N EEK SR S R, v BT RIS RECN
93%~97%, DAYIEIEN 91%~96%, GiitIEIE RN
92%~96%. %45 R b= A AR 2P g5 T 3 E R 22 it
JIEL 22 GEAE A [F) i B iy MR VR R EK I S0 (Gl BRI 3 AR 35
B RHUN 92%~95%, 43 A EIE AN 89%~92%, Fritd
SIFEN 89%~91%) F . FEHJRERK, —J7 & F vt
THER G K 2V R B 2, 0+ 33 2 )
AR RIERURE K AR, XA T B R R
RGBT 22 5 — 2 AEEPER A —
s K 7 SO0 3 Rl HE T HE IR IEAT T VA, AT E K
SIMHERARRAG . 7 ZE o W BH, it A 7 o 1 22 A T
i B A HE K B R SRS AN B, B
B 77 O 7K e 5 35 50 P P S i e L 9N i 2
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Table 1 Comparison of fertigation uniformity under various
combinations of pressure difference and piping layout
k7 o TAE
i E Pressure @ .7J("\“.‘% Total fertilizer
L . Total irrigation water
Piping layout difference/ amount

MPa  Cu/% DU Us/% Ul% Cul% DU/ Us/% Ul%
0.05 95 95 94 95 90 8 90 90
Y] — Atk 0.10 93 92 91 92 92 90 8 89
Water supply from 0.15 93 92 93 93 88 84 85 86
one end longitudinally (.20 94 92 91 92 8 83 81 83
0.25 93 92 93 93 8 75 73 76
0.05 9% 94 95 95 92 90 88 90

15 6] — ik 7K 0.10 95 94 94 94 91 88 87 89
Water supply from 0.15 94 93 93 93 91 89 8 88
one end transversally .20 94 93 93 93 89 8 85 87

0.25 94 91 92 92 83 80 79 81

0.05 9 94 94 95 94 93 92 93

AL 0.10 95 95 92 94 93 94 94 94

Water supply from 0.15 94 94 95 94 94 93 93 93
middle transversally ~ 0.20 96 95 94 95 93 91 90 91

0.25 95 93 92 93 93 90 89 91

0.05 96 96 96 96 96 95 94 95

217 R T3 K 0.10 97 96 95 96 95 95 93 94

Water supply from 0.15 95 96 95 95 94 93 93 93

middle longitudinally ~ 0.20 96 94 94 95 96 94 94 95
0.25 96 95 94 95 95 93 92 93

: Cu. DU, Us Al U AR BTSSRI 28 B, Gt

VIS ERIPRI G (LA L =3 5 P IED
Note: Cu, DU, Us and U represent Christiansen’s uniformity coefficient,

distribution uniformity, statistical uniformity and average uniformity (average of
above three indices), respectively.
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Field evaluation of fertigation uniformity in drip irrigation system with
pressure differential tank

Fan Junliang’?, Zhang Fucang’?*, Wu Lifeng®, Yan Shicheng®?, Xiang Youzhen'
(1. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100, China;
2. Chinese Arid Area Research Institute of Water-saving Agriculture, Northwest A&F University, Yangling 712100, China;
3. School of Hydraulic and Ecological Engineering, Nanchang Institute of Technology, Nanchang 330099, China)

Abstract: Fertigation with drip irrigation systems have become increasingly popular in agricultural and horticultural
production. Irrigation and fertilization uniformity are important parameters to quantify and evaluate the quality of water and
fertilizer distributions in the fertigation system. To optimize the design and operation of the drip irrigation system with
pressure differential tank, the effects of various differential pressures and piping arrangements on the irrigation and fertilization
uniformity were comprehensively evaluated through field experiments. The field experiments were carried out at the
Water-saving Station of the Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas sponsored
by Ministry of Education, at the Northwest A&F University. A sampling tap was installed at the outlet of the fertilizer injector
to measure the fertilizer solution changes with time. Treatments were 5 differential pressure levels (0.05, 0.10, 0.15, 0.20 and
0.25 MPa) and 4 piping arrangement types (water supply from one end longitudinally, from the middle longitudinally, from
one end transversally, and from the middle transversally). Three replications were conducted for each combination. There were
12 sampling points at spacing of 6 m along the longitudinal direction, and 4 sampling points at spacing of 2 m along the
transversal direction. The fertigation uniformity was evaluated with 3 indexes, i.e., Christiansen’s uniformity coefficient,
distribution uniformity and statistical uniformity. The results showed that: 1) the relative fertilizer concentration rapidly
decreased in the form of power function, especially in the beginning 15 min under moderate and high differential pressures
(0.15, 0.20 and 0.25 MPa) and in the beginning 30 min under low differential pressures (0.05 and 0.10 MPa). At given time,
the higher the differential pressure was, the lower the fertilizer concentration was; 2) For water supply from one end and from
the middle longitudinally, differential pressure significantly (P<0.05) affected the fertilization uniformity of the fertigation
system. However, for water supply from one end and from the middle transversally, the effects of differential pressure on the
fertilization uniformity were not significant, when the increase or decrease in pressure differences would not obviously affect
the fertilization uniformity and the fertigation time could be adjusted as needed in practice; and 3) For water supply from one
end and from the middle longitudinally, the irrigation uniformity under 0.05 and 0.25 MPa was 1.06 and 1.22, 1.06 and 1.14
times higher than the fertilization uniformity, respectively. Overall, the irrigation uniformity of the fertigation system was
better than its fertilization uniformity, both of which decreased as the pressure difference increased. Besides, the irrigation and
fertilization uniformity of the fertigation system with transversal water supply was better than that with longitudinal water
supply, in which the water supply from the middle was further better than that the water supply from one end. To ensure both
high irrigation and fertilization uniformity, the piping arrangement with transversal water supply was highly recommended,
and the differential pressure of the fertilizer tank should be minimized to extend the fertilization time of the fertigation system.
The research provides a scientific guidance for the design optimization and operational management of the drip irrigation
system with pressure differential tank in China.
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