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Abstract

Objective: The standardization and intelligentization of farmland bring vigorous development oppor-
tunities for water-saving irrigation. However, the uncertainty factors such as drought and water
shortage, scarce rainfall, large evaporation and soil Stalinization in Xinjiang affect the intelligence,
digitalization and informatization of irrigation areas, thus increasing the difficulty of intelligent irri-
gation. According to the principle that the salinity in cotton root zone changes with the changes of
groundwater level, soil properties, water quality and fertilizer application amount, in order to save
the water consumption for flushing the salinity by flood irrigation and prevent the continued spread
of Stalinization in a limited range, this paper puts forward a new technology of intelligently adjusting
the drip water amount with the changes of salinity in cotton root zone. Method: Based on the principle
of salt accumulation on the edge of wetted body under drip irrigation, according to the law of salt mi-
gration with water, three capillary tubes with delayed dripping were used to determine the distance
between the three capillary tubes, the distance between drippers, the laying length of capillary tubes
and the dripping rules. Then, the environmental data of soil moisture and salt at different depths col-
lected by wireless modules and sensors were analyzed, and the change of salt in cotton root area was
taken as the decision-making method to adopt intelligent dripping. Result: Wisdom dripping gradu-
ally washes the salt in the cotton root area, thus saving the water consumption for washing the salt.
The experimental results showed that after the target soil salt of cotton planting was washed by intel-
ligent dripping water for 6 times, the salt content of cotton roots decreased obviously between 0 and
20 cm vertically, and the salt content below 20 cm continued to decrease with the increase of irriga-
tion times. Conclusion: The three capillary tubes that lag in dripping water are changed into the
method of intelligently adjusting dripping water according to the change of soil salinity in root zone,
which provides a basis for the accurate flushing of salt in cotton root zone, effectively controlling the
spread of Stalinization area and providing a basis for the digital and information management of irri-
gation areas.
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ARG, B R G  E b BUEA  AS BALE BE R SO i 5 R SR B A R B 251 [2]s
3) H BIAFTE B™ 5 ] R R A T AR X LI B A BRI L &, SRR AL 1 TR,
BN AR ER AL n) R 7B R AR 3 IRAE AT KRN AZR) bk 28 23 (0 D5 ok A i Ak 2 1)
BT 2 FioR), KZE 1 IRB K E BN 3,000~4,500 m¥/hm?, 23], H A H5E < FR R AR 1L b
I ERBRAL TS L 3 FIToR) [4] [5]. EFTBAI TR BUK . FEmF D, &K Rt /K e FBE 2h ik i
FRRIRE RG22 B9 50 R, T /K $E i ER A1k & SR AR /K B Y 1] R P HH 2% 2 — (6] (7] Jl I B 2 8 By
KT R HEPh e 3L 2, e 3/ (0 FH KR, BB A B /K IR AN E IX I B R (5 B i 2
filt, 17 HOR SR B A K B AR 22 R AR K IR, SRR O ek QO i HE R R (8] (9]

BTN TR : N AN 20 7 A AR A R . AR e RS A RAETE . b2 R it
JHEEHEER SIS . — AR SR ) o RN R DR ER A K2 . S B IR 40 5 I R I R K
BerSt R ERHRH ) T E[10] [11]0 W1 S ASRECT K 25 1F A8 Rzl LI SR AL P8 e, K 2 FH R BLKC T
ERBRAL, IR RS, DRI HEEE AR [12] [13]0 VIR PATRHESRAF N AR X ER 70 B RE K B
W 2 IS R AR RAEIRIE AL AU R TIN50 AR 2R L 338 SR 20 R A A T A 19 e 26 20 R P K =R [ 14]
[15], MRABHETEAR R ER /IR A M A 2R K, AT 2Ry /K& [16] [17]. PUBIRI A %S LUR %=
W AMRERAR S, & 7R G K M =26 B AR, DUARAE L 2R 0 I, AR 22 g o Sopi s ok
e Hhs i85, #E B AR LRt ik @ A5 240, BERE KRB 3 22 i R A0 AR 28 36 3 I A Ak T o
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SRKEZ 5EX BKENER D, B EARKBIRIIRS . A8d 6 A, o R Ehmeih /K &
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Figure 1. Stalinization of drip irrigation farmland

B 1. EEREAERREL

Figure 2. Salt in wheat field washed by flood
B 2. Kok
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Figure 3. Stalinization of leisure cotton fields
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1) RIGA R ARG AE T B A R AR K SE I AT, BF A0 75 B ST [ B — A+ HLUE R A 3%
HosdEAT, S U 25°C, AR 20°C . EASRMMA ). B R BETRE. | TRk E

MHEIGRE . BE AR LA E, REBOR s, MR T 8.

o

BE. Ao

2) FRAELERIN(S) e (AT AT LA [RIR BE 2R 40 ARSI 9% FH 45 el i, E— N T AR R IR IR 25 R N
FMAE B b LA R5%, RU MR brE L3 M E, B EHE SRR TR AR e X
Ry K e o B RCR S b #h 7 e A 2 /D S el J, DA 25U AN X IR, R DA IR AR KA AEAR
X L@ ER e AR E L, DARRHE L B3R AR T ) 8. AR IS AR v L L P A 7.756 gke,
IR EER 50 cm, pH =7.15, WIIAEKE 6% (REKE), LIEAERN 1.25 g/om® Mt K

79 0.567 g/lkg, pH=6.05. FrfE L [H1LGEER R E W5 1 pR .

Table 1. Salt content of standard soil at different depths (g/kg)

= 1. FRETIERREIRERE 5 (g/ke)

HET A co’ HCO;, c- SO  ca* Mg® K Nat B#hfEE CFME
IKFES EhiE 0.001 0.128 0.054 0249 0.068 0.046 0.001 0.019  0.567 0.071
0~10 cm 0 0.185  1.566 1026 2397 0.658 0.028 1.75 16.843 3.743

?E 10~20 cm 0 0.178 0261 4603 1318 0244 0.024 037 6.997 1.555
f 20~30 cm 0 0.185 0313 3.883 1.179 0.183 0.024 0293  6.059 1.347
f“é 30~40 cm 0 0.152 0278 3308 0919 028 0.024 0.208 5.17 1.149
40~50 cm 0 0.174 0313 2253 044 0268 0029 0233  3.709 0.824
%ﬁ,ﬁgﬁ 0 0.175 0546 4861 1251 0327 0.026 0.571  7.756 1.724

3) BhrLEr(So). LAKGERRFIFETEN LI E A E N Bbn L, 1% H br Lo hisdb 1, B s L3 B 7 W F
BN 28.258 g/kg, BXHIRE N 50 cm, pH=28.72, ¥ KEN 6% (A EKEK), HHFEN1.25

glem® BBRYE 3%, HAR LR Wk 2 for.
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Table 2. Salt content of target soil at different depths (g/kg)
F 2. BRETIETNRERENER S (2ke)

A COI  HCO; c SO ca* Mg¥ K Nat EdEEE P

IKFEER 53 0.001 0.128 0.054 0249 0.068 0.046 0.001 0.019  0.567 0.071
fj 0~10 cm 0 0.542 5.28 11625 2432 1423 0246 6358  27.537 3.442
% 10~20 cm 0 0.534  6.145 6.875 3.63 1381 0328 6.897 2579 3.224
% ¢ 20~30cm 0 0.672 5985 6987 456 1367 0412 7.125  27.108 3.389
Ijg 30~40 cm 0 0723 6398 7268 485 1728 0.626 7.356  28.949 3.619
I 40~50 cm 0 0748  7.286 8356 491 1926 0.783 7.896  31.905 3.988

ﬁifggﬁ] 0 0.644 6219 8.148 4076 1565 0479 7.126  28.258 3.532

2.2, REGERPRBISMF

TE SE B A 35 A AU AR 52 BRI W A 1 M BE L ScH R . RIEER Ay KR, EMIRAISIR S
DR 25 BRI SR, 7 L T 40 e 15 I A e PR 1 P 2% 2 A 0 FH Y T

1) SRAERS B 13845 B PREEE . i T4 A ERHHIRE 0.4 om L 38/K 3 B B BREHL, 0.5 cm
PAUR ) AR OR AR RR . MR 85% M BAIMR A 7E LI 0.5 cmy /KF 0.3 em G2 Y, Ik, A 35K
R TriSCAN (3K #hr. REDREEFEIIIREE 0.6 cm, AR N 0.4 em (WA 4 FiR).

|5cm| 10 cm | 10 em | 10 ecm |5cm

Figure 4. Schematic diagram of TriSCAN sensor
[ 4. TriSCAN f& 2R R EE

2) AT IEERTRNE A B A PR AV o FH IR) 22 e ) A AR P 3R (% J2 T P R i ) PO s AN
IR LR S, ARG il SR S 2 E TSR 5 i R A H 2, MR i 2R PR
€ IR FIREE S B TR EIIEA R, REEECP IR MY S (OH)RIREERI LLEI, ke 3 Ps
() pH B0 7 358 S S 75 J T IR B PR (BRIR T« A MR AR M) IR L -

Table 3. pH value and acid-base range of soil

= 3. TI|AY pH E R BRI SE E

pH 4.5 5.5 6.5 7.5 8.5 9.5
gl SRR TE [Lodes SaE i itk SR
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3) SRASHL NOKIRVRRT I BRG] o T HE DCH R AL B AN R, T /KSR B A A ] . 2ttt
KR 2.0 m, Jy VIE ML TR TR ORAE R IR RIS RS, WAL RS SR O T K 0.6~2.0 m 2

[ R BRI o

4) KRG EHR ARG T REX KB EAE, armg s Absi. L XA URFAT . FRKE.
TR 2 R R A 22 5 AOAE o — B R 2 m DU B RURIEE, — AR 3 5 0N (4.5~9.8
KA LRI AN A ZEE (A IR 20 B RIZE ) ET it AR RZE%
OIKENR T, EREGEMK S NSRRI EY A A I SR, TR AR RKEIRYE . R
HAHIEMRRA: KR AR K KBRS R SR . SR R L TR A

NEFEE. RERNRMMEMEET

B 5 FTR).

5) MAEARABE AL P, i TR A 22

R R AR AL OB LA 2,

TN K R B
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Figure 5. Schematic diagram of parameter acquisition system
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Figure 6. Installation drawing of three capillary tubes
E o =FEEREE

fER gy, I RBERIEHE (I 6 Fom). FERARAE N, =2 BE R B RS 1 5 308 X AL R Rz I pir

Al 1 SBERRE, |2 5308 LRHRRAEHRITE 2 5/ 3 SEBERREMWE 7 R).
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Figure 7. Automated schematic diagram of three capillary tubes
7. ZHREENBHUREE

6) BEAKMN: IR O 1 SBERATRIK 2 h 2 JFIRERLSEH R, mEERAKN 2 5
3 SEERMAINEE, I KBRS FIEER TRAKEEE v F0m 15 BERANHEAK 2 h (8
R[22 )5 2 58 3 S BEMIFLERHK, FE MK R 2 2h. Wt 15 B M 8:00 FFiaiK 12:00
157K, 2 5 3 5 BE 10:00 FFLAARHK 12:00 157K, X 3 25 BE WAL AATH KBS [HAS ], 45 7K B[R] A8 [F (]
8 I )e 28 ER i /K R G0 IR 23 B A 3l el SR 1) 33 £ B (R 3 A B AL 2P 5 )« JE /KR 1 DA B — Ik
VEAKEZEIT [B], DAL RIBRE ) MK, ARAE AR AL AR X 358 3 43 Bl /K A 1) RIS 5] 35 7 S A 28 36 0 1) %
I PR AL K P 5

8:00
)
7K
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E
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Figure 8. Dripping rules of three capillaries
8. ZHKEEHEAEN

7) R BEBEEROKEE: (1) BEBE. ERBE B ARPEOR T X DK E S oK E)
RFHBERR (48 RGAERL), PIORCEE AL HIE R TJuEds. 1 SHRIT. 2 S SRR @A 9
FR)s (2) BRI BAHEHE S AL A ANk HL 2 A s 4K e 3R AT (8] 4k l 28 22 B AEN L AR 9,
AR LS BIEAE, 510 5B ARE; (3) KRB . 4K A SR R ST S0 A R B R Y I
HORDGL, SR A 7K RN — 20 — Kl 708 1A 4 3 1A S PR IR (AR e W AL 1) TR T )
JriEl; (4) g, 1SRRG | 5308, 1 SSEER 1 SSCE BT 1S BE K
2 TR ORAE 2 T IOE L 2 SRR 2 530 BT 2 A0 3 S RE KRG 9 FR).
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Figure 9. Salt flushing system in cotton root zone

E 9. MERXBSHERR

2.3. BKSHHITHE RBRHIFH

1) €K EMSEITTE . (EYIIR AR 2| 30K K S5 R A5, X R 3B & %
IR B AN A i, L 2R B0 BRI, PRI AR AR T 5 KR AT 20 A E 7K B (mma) S B B 70 5E BIU(M) o
(1) WEKSEBUITE » WE/K AU FRAETC I AT R ARV FE/K BEE RN, 3 2 11 28 s 8 1 B K — Ve

IKERIKEE[19] 0 HE K 5E B i KA RE /KR P » 2 b 78 3Bk B T 5 ZE /KR, A% T aGiH 3R [20] [21]:
My =0.1xyx Hx px(6,. = O,) (1)

LIRFAEN:
mmin < mi‘]" < mmax

97}%]% < Hmin < emax

e mimax BEZKGE BB R HE KR BE (mm); y A EIREE (gem’); H AT ZRZ (m): p 38R
T (%) Omax IR AIREKE (%), B FOVF R3S KR EIR(ETEBREA2E): Onin NTHREREEN
FVFHIRERE TR %), (5T LRET ) WHZE(0,,, —0,, ) N EIEGREKE(E T LRER S
B)s my, NIV (mm)s Oy NI R SRR T F1— Ul A RESER 1] £ %5 540022
[23].

(2) MBEER Y EMIITE . T IR AL B AN, I B R SRS A AN, DRl AARAE IE
WARK IR I, BIARHE 8070 (S0), b7 @ BAMN 5 3L 2P ot WIBRIE B A AR B A
RE, MHSKIER 7 Kk ihr @82/ bMA KRR, LB TEBEN > FKERFLE T, DO
B PPEERI(M) > EKE B (mma) I EE3R [24] [25]

M=m+m,+e-p 2

A M ONBEER 7 E B /hm?) sy TR BEJE A B BURT & KR () 5 i K RRK R (Wo) B 2 (m*/hm?) ;

my PE TR Z R 2 820 BT 5 K K B (B e A P R s A R A e K &), FRAL(mY/hm?); e

DI T 2 AR R B (mYhm?), RIGAE S SR AT, B DUZITAT BEE AN T p i R
B K B (m?/hm?), Z00H A 2 AT, B PLQR) T i A5 a3 e

M =m +m, 3)

m =W =W, “)

my KT AR S, DS v BEatiit 50y, 72 So AP Peai L3 iy #h 7, 1z Eh B 1 Eh
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73 (g/kg)s S T PeJE BT SLVFI 853, 2R 58 AR+ ER 7 (/kg) W 9 R B KRR 27.5%,
VUSR5 BERIRBE D SIW, A2 s B So ) H A B SRR DN S/W IR [25] [26], BT T 17K & So- (S/W),
AR A EKEN Wo= 6%, WIMHLER M NA:

M =W(S,/S)-W, )
WROEE AW, =W -m BRZIGRE)GE, 13 m B HARA:
my, =W ((S,/S)-1) (6)

2) B EK TAERIMR A XS i OB AN A 3% H TR0 A 5L A 0 XAk 2 m i, %ot e s [ g A2 4 £
A g iE i A — 7 VE SRR [27] (28], FE G LB BT AR, ARAEAS B AR AR AR 1 7 R (1E
9 Fi7R)e

3. ZRE S
3.1. k3 BAR LIRS S B RT

1) ESpeEh s B e . R SKEE BN 20 cm, kIR 3 L/, HEKER mmex = 225 m*/hm?, 4
AR@TEAE: m=27.5-6) x 15=322.5m’hm?, W=27.5x15=412.5m’hm?, &L | AL 245: S
=28.258 g/kg, S=7.756 g/kg, H#AR(6)ITHHE my=1,090.4 m*/hm?, FENAZ(2) 45 FE i o 25 70 5 G 4«
M=1,412.9 m¥hm?; HPpesh @8 M > BEKE R mmax R EER, FIL, MRIEHEAKE N mmax = 15 (m?/
) % 15 =225 m¥/hm? BEATHEMENS s FEZK RN M+ M = 6 0, IXRW]: H0EK € 5030 A Ar 13K 6 Ik
B, Hbs LR EAR X Eh B AR uE L0 2h o 25 ERSTE TR B bs £ 225 m¥hm? (7€ G 6
W, RBMHPREEHEKE N M=1,4129m’/hm?. TR TR, ERMEBAM T, PIZREAE
Eh oy B0 T e 2R 23 TE BRI B, A A SRR I

2) B ERH K ER S A E o 7R RE IR AR A PR AR S, 7R H AR K I
6 IRAE, I ER K AR AR AEAR X #h20 H BRAR T 9D, A RS HE /K B AT, AR RS0 B 52 1 E /K 8
BN 4 FoR).

Table 4. Irrigation quota of target soil irrigation for 6 times (m3/hm?)

2 4. BFRLEEK 6 X HIEEK EFi(m/hm?)
HEKIREL 1 2 3 4 5 6 REKE
K GE it 225 203 180 158 135 113 1014

HRAE 22 4 BEAT AT ar . e e Eh 2 BB 4 M = 1,412.9 m¥hm?, & EREK G i THIFEHLIX £ 4>
I FEAR AT UORE K B AR D, 524 1,412.9 — 1,014 = 398.9 m¥/hm? /K. 7E7KF 253 3k 30 cm AbEL A6
e E ) NAFERBEMIER 2, TR ER A I PR B A 5 R R K I = A B AR X R 2 1 52

3) B ERAKHEEA I M. HAR R ERK 6 Wa, A AT B kN 30 cm Abf R
BRI (A58 5 FuR) . G55 R AR A 1 38 0l E /K OB 38 22 kb R AR P9 3R 4 7 1)
MR AR 2 BRI ER Y

4) RIS T HE . HEK 6 IRZ GBI 30 cm A4bTEE 7 [ 3E (8 KB )M IKE
WHZER, B FMEE KNHEG: SO > Na® > Ca® > ClI” > Mg> > HCO; >K*, B RkE
RFZ 50 em LA B ER 2 4R S FEARH S, i ERBCRIR B B (e 5 ).
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Table 5. Salt content at the horizontal distance of 30 cm after the target soil is intelligently dripped for 6 times (g/kg)
5. BirEEEEK 6 RIE/KEIE 30 cm L HIEL 3 (2/kg)

BT AR COI HCO, cI' SO (Ca* Mg~ K' Na' H&HEE FME
§ 0~10 cm 0 0.191 0425 3.767 1.864 0813 0235 1491 8.786 1.098
= ﬁ; 10~20cm 0 0281 0364 4.824 1459 0.582 0221 1.564 9.295 1.162
% = 2030em 0 0382 1345 4.645 1.655 0.706 0.116 2.132  10.981 1.373
ﬁ; é 30~40cm 0 0.713 2127 5252 2141 1755 0.826 4248  17.062 2.133
m 40~50cm 0 0.986 5.062 6268 5429 3324 0941 6.124  28.134 3.517
THERTFE 0 0.511 1.865 4.951 2510 1.436 0.468 3.112 14.851 1.856

5) HAR LR TR IR AR R E . BAR LRI OR B R 2k B EHEK 6 )5
M 5 AR B, AT 47K P08 30 em Ak H AR 8 R K 6 Y05 373 BRI R (R 6 Fr).

Table 6. Decrease of salt content at 30 cm level after 6 intelligent drops of target soil (g/kg)
= 6. B EERK 6 REZKF 30 cm &L HIFERE (2/ke)

e

i

A

fem

BT AR CO;” HCO;, cI SO,  ca* Mg* K* Na’

1%2 . 0~10 cm 0 0351 4855 7489  0.568 0.610 0.011  4.867 18.751 2.344
@y 1020em 0 0253 5781 2.051  2.171 0.799 0.107 5333 16495  2.062
?E ;:Ra 2030cm 0 0290 4.640 2342  2.905 0.661 0296 4993 16.127  2.016
E % 30~40cm 0 0.010 4271 2016 2709  —0.027 —0200 3.108  11.887 1.486
m 40~50cm 0  —0.238 2224 2088 -0.519 -1.398 —0.158 1.772  3.771 0.471
T HENTHME 0 0.133 4354 3.197 1.566 0.129 0.011  4.014  13.406 1.676

X4 6 HIEE T A 0~50 om AR FIER 7 AT /3 BT el e R AR X - 30890 i 4 pAY 1 3 2 i R K OB
W2 LR, Ry IE R REVERRIEAR L L . TER S KN =4 B R B K &AE T, WK 6 K5 TE
B R 0~40 cm 2 [0 [ 3R 3 B W IR, BRE 50 em PAR o IXBE—2 300 JE I 44 P 0 £ 20 il FEE /K VB
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Figure 10. The transport process of salt in each layer before and after irrigation
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Figure 11. Initial salt ion of target soil
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Figure 12. Salt ions in target soil after 6 rounds of irrigation
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3.3. FAKHR

1) FIKER . ARIE R F G K = 2 B SO BRI 7, R s SR, T4 PR X ko
IKE[29]. TEMGHESRAT T, HTRIX 4 BAERIEAD G ER, SEEEMEEIOKER 3 ], KEFE
— I K E A 3,000~4,500 mP/hm?, phk#h 43 75 2K & 9,000~13,500 m¥/hm?. A 5e i 2873 €
A 225 mPhm?, ANTEEIKEE, R ERAK 6 IRMZMLT, W14 7,986~12,486 m*/hm? /K& .

2) W JETK S BE SO R B AR R . WEAKE, A SRR R E, AT
LK E R I T KRR T, D RE X B T M5 B B AR . — R AR
FEKSEBUN 450 mi/hm?, ARYEAIRIGHE FHFE K EHUN 225 (m¥/hm?), FHERK KA 6 R, dkihFKE
1,014 m’*/hm?.

4. ¥Wig

1) EVIR RIRHE. BT RO AREYIR R K B V6 S 5C[30], AARLE LIRS AEAE AT 5 AR
Yy, MEEEMRRELEDAMLE 0~40 om FIIREL, ML) 85%MHIMR R EEKF- 3 AMfE 25~30 cm TG 2
o ZRIGEE R TR ERK =& BE SOV ERAKR&ET, REAN s &nEk, HR
RN R 2, %4510 5 L3Ry Bl KIS B HRAE — 3K [31] [32].

2) FERIKEI A . XSRS A BE SR ERAMLIL, #ERHK =4 BEIL 225 m/hm? #EK
6 W, MIPTRHEKEAN M=1,412.9 m/hm?; ¥ JEH/K =4 BESCANEERKZ G, FEKKEBAZE 6 1%,
7K EAR I R AEAR X 35 20 A B AR T B /K Bl e HEZK 29 M = 1,014.9 m¥/hm? [33].

5. &g

1) 1EH G MK =25 BE SO ER KA T, Pt 3545 e 20 A DX 3 i 4 5 23 ek 2> 1 2 B K
BEARAR X 3h 20 S VE I 52

2) RAEEMKEMET, EEF LR ERAMNDE 6 IR 5, T3 -FIME 28.258 g/kg B&H] 14.851
g/kg, LM FHKE.

3) EHEEEBEMA LT A KBRS FKE, SHEM, BETL 3 RIEERKE. #HERKTR
SABE SEERKME, BERKTZ) 398 mihm? KE, W T K ER T K VR 5K K R T -

EHEWmHE

X BT H 22 B8 e AR SR RE R AR ER Bkt 24 FH R 47 26 B B 1 52 T LB S o e 26 93 78 AE 97
(3256130348); HuIX Fe 4150 H “ 1 B2 [ 7K 8 B S b 78 E WX FE A AC AR BRAB AR IR s e AL B A A2 58 R AR I e
IFLHIBT T ” (3256130459).
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