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VEK A I VK S BRI A R E R P 1
T3 /N ARG, (B K ARG REI 2% 7, 552 KA
[ HYDRUS #7056} + 37K £ 4032 55 BBl KORGS5 v, A
RUA] SR S AP0, AR 22 S 00 L T FE 1) 38K 4
BRI R HE W FE RORE O, R It
T 5 XA [R) Bl 7K P 5T i R S B ) A T R R
Fe, P 5 U TSE i Y] I S S AR R A P A T ek
ST, 3BT RERE S N BORERE R T, xR S TR
KN TATOKHEBE R Rk isk, BT
HEK. KNEFWEBRE, FEGSS LMK
FEL T (i E R ) FE A T PR . TER R, fEIAE KRR
KR A WA, KRR R. &
i R 22 IR 1%, HYDRUS-2D #8780 i A0 45 1) - 358 7K
GYEN ST MR R B RN 7% R AR A 3 Mg
A LUSHERE R . ZBAFEESR. DIREBIFRER
INSUTEIK 43 3 A F WiARAE Ik TE 38R F K 2 TH #E,

Wk HHE: 2019-11-01 &7 H#H: 2020-05-10

(51469033); #& ERTIUEE se 3 S B R ZBm H (TGJAKS-SKS-2019-001)
fE& A PRI ER A, B, AT, FEAFISOKRERE
P K AT K RER AR FC . Email: hudant@hotmail.com.

SR i HEMLKOR FH 203, AT B koK T i 9% N 70 AR
BRI A2 B AR VR K R P SR AR T PRI, S A
THEAS R R 2 T VR 2 8 T B S AR K 2 i 18 B
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1.1 HHREXER

BF 72 XA T 58 8RB e 7 M X 2T B Mk 37y, kbR 1L
MR B, BEARZMILZ ., BN 80°20'E,
41°16'N, iZH#E4R 1 130 m, JBREIRAF T 20 0%, N
KEBRSBHEBLEKR, ZETFYKHELRENE
544.115~590.156 kJ/cm®, % 4EF ¥y H B 2 855~
2967 h, TRHEYE 205~219 d, ZEFHBEKE 42.4~
94.4 mm, ZE TR 11.2 C, F4 BN 3950 C.
RIE XA 6 666.7 m?, 0~120 cm HIHEFHTFAE
1.39 g/em’, FHIAIFFK & 19.44%. 3 R KIEEAE 6 m PA R,
IKRFF G K b (GB5084-2005)
1.2 Rt

RIFEAR A 11 a BB EZBER, aphy “iE 1857,
JE& AR A . PRI 1 667 FR/mm®, FRATER N
2mx3 m. B4 AYITFRENHIAT RN, 8 H A
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HEAT SR o SR b 2 30 E 70 20 WE R, WE K IRECN 8 IR

(£ 1) o BEHUIEREEIE N 2018 £, 2019 4E 2 a (sEill

Kl o 25 HA P SRR AT R AR (VA e A Bt K R AED

ZUIE 400 g/bk. AR 200 g/kk 40T 200 g/bk, & RS 25 4%

B T TR LIE A T A, kIR 3.2 L,

Wik IA]EE 20 cm. JEVERTEEA 40 cm, 4T PE U .
R GHGERSIE

Table 1 Walnut irrigation scheme
’ HEKH WAREH
G%\?ﬂﬁfe Imigation date rrigation Fre{kjfnc
¢ 2018 4 20194 quota/mm CAUENEY
ST
).l e ;Ehﬁ 05-05 04-03 45 1
Flowering-fruiting stage
SN
'%*Hﬁ/j‘(,ﬁ 05-13. 0525 05-13. 05-30 45 2
Fruit expanding stage
Tl %34 06-04. 06-10+ 45 3
Hard core stage 06-18. 06-28 06-23. 07-06
N |=%5% =3
. /mﬂaﬂ.%% . 07-25. 08-08 07-24. 08-08 45 2
Oil conversion period
151t Total - - 360 8

1.3 RWMNEREB

RN N TR B HAKL AT (K 3 m, 5
2m, F4m , WHTAZBRFE S KHE 2 WhtA
TAONEIR L, BRI OE 3 HES G AYD o )X
B E WH 4R

1) 3 & K R A # I 3 OK AR S
(TRIME-PICO-IPH, IMKO Inc., Germany) Jl3E. /K

—o— [} 7% 15 34 % Average daily transpiration rate

g g
E g
2 7 o o~ ng Y 0 g
S 6f o ° o E
;\g'_é 10f§ g
=E T 1203s
w8y - F2
g | 30 .42
FE 3| ok
el : 2o
=F ot ° 0% g
o A A A A A A A =
%n d L L i 1 50 &
5 04-29 05-19 06-08 06-28 07-18 08-07 ,g
Z H #¥iDate o:

a. 20184

a.In 2018

[ 1 H:Rainfall

J7 AR 40 em BRI, WEFERS 150 cm; HEE T M6
10 em BEHEI A5, 05 PR EE 100 cm.

2) FRIE) IR R A Z B 0N E, R 10:00
LAME 1K, FIHKEE 0.01 ¢ MHEFRTPRREE.
HZEBAHER 110 mm ¥ PVC &, @ 15 cm,
FPRFES ] 338K 43 A8 e, G A 1 mm (] B 1 DX £
EE . B OORN TS F, TR Hh i~ 55 .
T N B4R 125 mm [ PVC %, &5/ 20 cm. £ 2~3d
B 1 IR B ) 3

3) MK BSR4 B oy 2383, SR Delta-T scan
(CBS0EJ, Cambridge, UK) # it HARK & E., L
30 cmx30 cmx10 cm HJHICAREURE, BUZEATR 150 cm,
REEHCE 100 om 1k o B BERRAC 3 BELEAZ B AT 5 1 3
1T°F35, 13 BB — 4R B 20 A R R

4) - TH A48 % (Leaf Area Index, LA K H Hemiview
& JE T R4 (Delta-T, Self Levelling Mount SLMS, UK)
& H 5 ZRMEE eI (15 d) JE 1R, e AL E FEH
T 80 cm, EFARFURGIL 4 NI mEEE, BUA T A% Bk
R I T AR 2~ 34

5) AR REAE AR L0 20 A R Rl (Watch
Dog2000, Spectrum, USA) %€, % 30 min it 1 K,
AL R PHFRE S AR PR . RUE PR SE. 2018
2019 FAEHRAEF N A RER . BEKE K H IS
HERME 1 PR,

A K Irrigation amount

on amount/mm

35 7 5 3 2
Average daily transpiration rate/mm

N W s Y
T L .} T

A A A A L =

04729 0519 0608 0628 0718 08-07 E
F¥Date &

b. 20194

b. In 2019

B 1 2018422019 4B FohA Ll
Fig.1 Dynamic change of each factor in 2018 and 2019
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2.1 {RBEME
.11 HIERyBEBHFA

K HYDRUS-2D V 2.X fRA A, —4E 3K iz
SRR

S(x,z,t) = E[D(ﬁ)%}+£[D(9)%}_M_% (1)
ox ox | oz Oz

KA x AACERAARR, cm; z AR ALSR, cm; ¢ AEE],
hy 0 NTIEEBIEKE, %; DO NTIEK BT H
K, cm’/h; KO)NIEMA S KE, cm/mh; S AR RR
IR, 1/hs

TR 1B T R E A DARE K HT I & 135
T 3B B KB AWIIE &K E, IKF AL bR [R] — 12 2 U EL

A
0,(x,2,0=0y,, 0=<x<150 cm, 0<z<100 cm, n=1,"--,10 (2)

KA 0, HE n 2 HBSAEREKE, %; 0, N =0 Bf
TIEEREKE, % n NEEH, IL10 2.

WRM e AR, BN RSRIBSR. bk
R H D (R=<x<150 cm) & NKSILF . R,
NIRRT RS ATEEA 4.2 cm. KIS
S LK Y12 E) T B R T R K B 28 K, A —
T IR, BEER AL, WA SR S A
Hefb, HEHNAKEERT 6 m HEN, FAFEEN
HEHKIA R %M. A4 (x=0. 150 cm) &b, €
NAREKIDF, WEEED R,

il A A
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~E(t) R <x<150,2=0,¢>0

—D(H)%—FK(H) =
0Oz o) O0<x<R,z=0,t>0

(3)
NS
gg:o 0<x<150,z=100, >0 4
VAV SPUE TS Y0

dxmggzo x=0,x=150,0<z<100,t>0 (5)

R EORNZERBE, c/min; Q) NNBIRE, Nk
it AT T A SR T AR LU AR,
2.1.2 ARABKAEA

3 (D FH S SR Feddes 22 H AR RIBUKAR AL 1

cm/min, o

K a(h)y N EKBIREAHNRE (0<a<1) ; S, NI
TR AR AGER, Uh; fo) MIRKEE ARG S NS
BB EIER T T8 S, em; Tp NIBEZERESRE, cm/h.

7(2%‘2" 7Z‘+XL;‘Xx 7)(‘)

(8

RX

z X
ﬂ(x,z)—(l—Z)(l— m)e
K X, F Z, IR RAE x F 2z 510 b5 KR R A R R,
cm. KH 2018 FHLRSLIEAEFIH DPS AT — X
LB LA, KEMESE P.N 1. PN 120, 2
N 45.83, x"H 178, UEKEE RN 0.87,

AR50 Hh 398 Jo H R AT LA ZH A%, A8 HYDRUS-2D
BPF T Rosetta F8 Ik N A0 28 o4 26 000 45 H 2% 1
JZK IS E (R AR SRR RIEEAIE KR,
HWRISKE, BRSH o M) o BL2019 FE LIS KE

5 SR 95 MR UL 2018 45 A K S B A R S
S=a(h)S, (0 HEMRALIE B EOLE 2. KBk oS R, %
S =p(x.2)ST, (D ERAE R AR R, T R4
2 RESHKMBER
Table 2 Solution of model parameters
. . IR EOKE RIS KR LRI 2 TIEWA KR
. 4 0, -
TR AL Particle composition/% e Residual water Saturated water Model parameters Saturated hydraulic
Soil depth/cm <0.002 mm  0.002~0.05 mm >0.05~2 mm Soil texture conten}t of _s3011/ conten}t of _53011/ e’ " conductlv1t}flof soil/
(cm’cm™) (cm’-em™) (cmd”)
0~20 7.0 56.5 36.5 0.041 0.420 0.006 1.650 58.50
>20~40 7.2 67.9 24.9 0.046 0.446 0.004 1.722 51.43
AT ja
>40~60 7.3 55.5 37.2 #}"}E//I;%j: 0.036 0.390 0.045 1.799 59.60
Silty loam
>60~80 7.4 63.5 29.1 0.050 0.379 0.036 1.689 56.58
>80~100 7.1 58.5 344 0.043 0.387 0.041 1.609 53.70

¥ F Penman-Monteith /A R iHH 2% (EY) 76 15 B,
AU

%Uz(ea _ed)
+ (9

A+y(1+0.34U,)
X ETy NS HEMZEE R, mm/d; R, NTEYIEIE 54
&, MI/(m*d); G NHIEHGERE, MI/(m>d); T AT
SEE, C; Uy N2m @RI, mis; (e,—eq) WKIAIE
%, kPa; A AKFIE-RERRIMEMRE, kPa/C; o
IRFETHH R, kPa/C: 900 Jykk i ZH.

VEMIE A 25 R R F S e R B, A R

ET =K. ET=T,+E,~ET(1-¢ ""“*)+ET.e ***' (10)

A ET AEMEFEZ8H0E, mnvd; K. SEBriEY R4
KA ORI, %: T, 0 mm/hs E, SHHEsezE
K, mm/ds LAL AW HAREE, %o AREFERKETER
FOKEPEHEATT S, o R KRN BN 0.
2.2 EBRHEINRE
EWL A 0 B bR R 2 o
f =min(DP, +WS, ) (1D

b DP WRZE IR, mm; WS K iEsE, mm;

0.408A(R, —G) +y

ET() =

i NHEKISTEERE (=5, 6, ===, 20) , d; j NEEKEH

(j=30, 35, =+, 65) , mm; fATMHEIREREE, HK
ZINy R A AR

HEAHOT, MgEE KRN T 60% ) H EFK &

B, 2272 A KA Ba R M . A%k AR T TP K e e

TR A X U

10

ws, - IOHZ:;H(6OA>0H,,—6?") 0, < 60%0,,, a

0 0, = 60%8,,

Kt HRFEn ANLEBRE, cm: 6, W5 n JZHIEIRK

%’ %o
3 HBRS5HH

3.1 HYDRUS-2D 1B ZY &4l 4% RIGIE

TR KR LA S AR ME A 2 BR,
2019 SR EM BT AZ (Root Mean Square Error,
RMSE) 4 0.016 cm’/cm’, R’=83.03%; 2018 I ER B
RMSE % 0.017 cm*/em®, R*=83.73%. EM B 5IIEH
BORE 5, HYDRUS-2D KRR 45 AR AT, %
BRI ] DL T e S K 3R A . g 45 R LR 2.
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Y 1-0.851 3x+1.890
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RMSE=0.016 cm*-¢m?
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=

[LEDSR: 1iNV AP &
Simulated soil water content/%

=R

510 15 20 25 30 35
SEP - B RLE KR

Measured soil water content/%

a. FEMBL (2019 )
a. Calibration stage (2019)

>
G S O
—

BT

w
T

1=0.724 5x+5.134
R*>=83.73%
RMSE=0.017 cm*cm™

—_ —_— [3%) [3%) 2
=]
T

B AR S K

Simulated soil water content/%

(=T
T

510 15 20 25 30 35
S SRR KR
Measured soil water content/%

b. BHEM B (2018 4
b. Validation stage (2018)

B2 A KREHMESL FRMEAT L

Fig.2 Comparisons of simulated and measured soil water contents

3.2 ETHEENENIERN S
3.2.1  BUATHEBES IR

I 1 LIS R 2018 AT 2019 4F A S EE (<
A PATEEL, ISR, B R R . R
RO A LIREEASHSE) 5 HYDRUS-2D FEALf
A KAy B AR AL, PI1S B Ak FE KRR 5 R K 4308
B/ (K3 .

&3 2018 12019 FixMkFEKIFIES BEIK S BE
Table 3 Water Consumption (WC) characteristics and field water
flux of walnut in 2018 and 2019

ek Rk ok AR
AEME O BTE We/ Daily aver- il & Béei
Growth stage  Period mm age W(lf/ Water leaka pe y
(mm-d”)  stress/mm 8
mm
B 25 04-05—
Adorable 04-14
%ﬁ%%ﬁﬁ 04-15— 89.27 3.72 -21.31 11.43
Flowering- "5 9 —96.57 ~4.02 ~0  ~36.78
fruiting
R 05-10—  121.70~ 5.29 2669 1521
Fruit expanding 06-02 136.31 ~5.93 ~0 ~57.24
T 9 06-03—  196.40~ 6.14 -34.27 0~
Hard core 07-05 241.74 ~17.55 ~-1.40 1.60
TAREAL  07-06~  226.78~ 6.87 -36.25 0~
Oil conversion —08-08 252.28 ~7.64 ~-24.17 14.13
S 08-09—
Mature 09-25
BifTowl 1740 O3S 55169 11892 2053

WK 3 Fion, MR IZAE 2018 A1 2019 FFAFH
HAFEK &N 634.15~726.90 mm, HIFE/KIRIE N 551~
6.29 mm/d, iX 54 R R FEMIERR T BRI

BB WFEK B BAE 585.6~840.3 mm [AZAALEE A
— . PR AR S AR B H SRR KR B K BN 4
e WAREEALIE (6.87~7.64 mm/d) . FEAZI (6.14~
7.55mm/d) B KH (5.29~5.93 mm/d) . FFAELE
B (3.72~4.02 mm/d) . EFWAKS SPHAEN
—25.57~-11852 mm, KEZEBRELEN 11.02~
109.75 mm, —FHZ ANEFEKER 19.96%~21.33%.
3.2.2 HEBRHEARAL

M4 H 30 HFFURZE 1 IRHEK. ERERETRNS
2 2 A% A 75 7K R R AR s R VG . AR R E 8
AR ER(30~65 mm) 16 /MEEZKH ][] FE (5~20 d),
it 128 Folr i 7K S B0URTJEE 7K s 1] ) B A [5] B4 36 38 o) 5
(MI~M128, £4) .

T4 EHERTIESE

Table 4 Walnut irrigation scheme set

HEK EIRG WEJK 5B Irrigation quota/mm

Irrigation

tervalvd 30 35 40 45 50 55 60 65
5 M1 M2 M3 M4 M5 Mo M7 M8
6 M9 M10 MI1 Ml12 M13 Ml4 MI5 Mlé6
7 M17 Ml18 MI19 M20 M21 M22 M23 M24
8 M25  M26 M27 M28 M29 M30 M31 M32
9 M33 M34 M35 M36 M37 M38 M39 M40
10 M41 M42 M43 M44 M45 M46 M4T7 M4
11 M49 MS0 MS1 M52 MS3 M54 M55 MS6
12 M57 M58 MS5S9 M60 M6l M62 M63 M64
13 M65 M66 M67 M68 M69 M70 M71 M72
14 M73  M74 M75 M76 M77 M78 M79 MBSO
15 M8l M82 M83 M8 MBS MB6 M87  MS8
16 M89 M9 MOl  M92 M93 M94 M95 M96
17 M97 M98 M99 MI100 M101 MI102 MI103 MI104

18 M105 MI106 M107 M108 M109 MI10 MI1Il MIl112
19 MI113 Ml114 Ml115 MIl16 MI117 MI18 MI19 MI120
20 MIi21 MI22 MI23 MI124 MI25 MI26 MI27 MI28

KT 2019 FFHE R RN IR S5 AT
X O HEHmEREA,. T Q) HEHRENS
HAEA N HYDRUS-2D #78, Xf 128 2L it 475k
AR, FIERS AR HFEKE. RAPUKE. REBKE
MK it A (& 3) o mE 3 A%, KHEFEKE
JLETE 149.0~1 2845 mm 2 [A], V&)Z5 s ELHEAE
50.77~928.88 mm 2 [A], 4 F/KIREEBIL 6 m, A%
FEHL R KANG o S HEME I R AR K BEAIRZB R E
5 I VR K ] B 185 KT 90> o R R W /K S T B K 0 AN
ZI T [E) o XUAR AR AR R, AR 2R IR /K o il 8 7K ) (1)
V¥) B AR A PR/ . ANk e AN 30 mm B, fRAR
W 7K B30 B 9 245.02~406.37 mm. 1M #E/KE 4N 65 mm
i, AR RWK =TGR 307.80~400.09 mm.

BRI 45 MK & SR E B TREE E R, Hik
S S BR IR 2 15 I B A K 2 il B K TR R K &
| AT . e QD rEE 3 o, SH
B oA H (R R 42 0T B 4, U o VR O ) RE VR KR B
b o JE I XA [ E K e AR A R AR H R SO b R U
ML, T DA H WIER 5 FroR I RAE R 8 FhRE eI B,
Horp Pl M34 19340 B bR R B s AR, Hikoh M77, B
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J5 8 M94, M112. M51. M119. M60. M25. M34
W 1 R ) SR B A I BUE N AR HEEKE R 0.002 1%,
M77 FEBE I 1) TP B b e BUE A HAEK 211 0.004

Fro 7518 HARBREUE m, W M34 BERE A B A AL 5
A5 7 FEAR Y HH (A A B S K HE BN 18], U M77 HE TR
] J5E B

7K € #ilrigation quota/mm

g 230 35 x40 x45 450 o55 060 o065 £
= 1400 1000 £ 450 <1000
£ 1200} 2 = . £ g |°
£ = a 5 ¥ ¥ R
= E10000 58, i E R D e Oééggf‘_‘iiziéggéoég 80010
X% 800 238, Z 260020, §(§3so Tl LaniTRE e et
# S N = - - AL o
HE 600{5;—‘%%%% ;6§400>«A580 %< 300 ‘_‘3?;;‘52400:3030
KE 400} “-%% gggg % %2289, =E SR beho Sx%%8 o
2 == - . o - 5
Z 50 -%% gggg A 200f- -x%X28489 £ 250 -T2 200r- -x%aBfo
2 o * CIXifegafRaRsan 3 z '-*igégﬁﬁgééu;
E 46 81012 141618 20 0% 6 8 1012 14 1618 20 22%% ¢ 8 10 12 14 161820 D 4 6 8 1012 14 16 18 20
THE K ) B K K & THE K )
Irrigation interval/d Irrigation interval/d Irrigation interval/d Irrigation interval/d
a. R HFEK B b. PR)2HB b c. HARMK B d. I H A e B A
a. Water consumption of farmland b. Deep leakage ¢. Root water absorption d. Target value for optimization
B3 &AL MEKE e T AL
Fig.3 Changes of parameters with irrigation intervals
RS GHGEBHIE ik 4 i+ @
Table 5 Optimization of walnut irrigation scheme
HEB, HE Irrigation EVREIRT BRIV S ATy 2018 4F 4 H 30 H—2018 4 8
W e WAGERL 0 Taetvalefor L H9H, 200944 730 H—201948 H9H, A=&M
Irrigation Interval/d Irrigation Times optimization/  Proportion N, e s .
scheme " quota/mm mm WA %N A H X 28 8 R i 1 B, 2018 425 2019
Vo 5 gg . rY 000 6F 2 a PERTELE 5 535, 2018 AR UL ML I S e 4 A
Ms1 i 40 : s 0.022 133.3 mm, 1fij 2019 FFRi 5 5 4 X R AR AT 2 4 WA
M77 14 50 7 175 0.004 MIAAN SRR ERA 24.8 mm. BE/KERETH 5%
M94 16 55 6 3.70 0.010 0o 01k A o AL ano
MI119 19 60 5 9.67 0.026 [~10%, 10%]AIER S0, [10%, 30%] /i RI[-30%,
MI112 18 65 5 6.06 0.016 INF=30%NTF

A HHAR S EbME SR HFK R HE .
Note: Proportion refers to ratio of target value for optimization to farmland water
consumption.

PL 2019 4FF 4 g AT 40, e Ab HEWE i) B (M34
A M77) FRIA K ol A S R 4 Fras, M34
A M77 BEBRSIE R, T REARE IR IHE & ARZES
BN 45 b, HETE R g X A% Bk v VB R e
i 350~385 mm, HEKEH 35~50 mm, FEBEIKE 7T~11
W, HEIKIAIRG 9~14 d.

i‘f ”))(/K | Root water absorption
I 4< /J\ 7 L it Surface water flux

g 2
o
AN
HE
X572
2
0 20 0 60 30 100
It} (1) Time/d
a. M34
2
1
5 of
i g -1
=S |
= g -4
S5
65 20 30 60 80 T00
I} [ Time/d
b. M77

E: 0 FEFRAITEH (04300,
Note: 0 refers to the date when irrigation starts (04-30).
B4 AR EARMTHE R
Fig.4 Optimization of irrigation scheme for walnut based
simulation results

—10%] 4R T4, KT 30%9iiET,
s AR TR 15 tHhad—20 4 F41H 40 mm &
MR AFRAERY, NT 28 mm NFRAE, [28, 35] mm fwT
E, (35,44 mm & IEHE, (44, 52] mm 2 WEE, KT
52 mm A RRIEF . 0] DLW H 2018 2 9iIE4E, 2019 4
NT R, BRI E R T RAFEHE, M B aeur R A
HR MR A, 2 a BERURIURE BE AR iy X R,
T AR T RIS R EE S, HYDRUS-2D AR AU+
Bk RO AT SRR R, R, ARIEACSCEE R, T
HYDRUS-2D AL AT 45 3R (0 HEE 1) P 1 5
EANEIRFEY RGN, XHEE DRG0
HYDRUS-2D #5 A A5ADURE B2 /51, B Ui HiAR A0l A F 1
KB RN Eh AP, AR A HYDRUS-2D ##
RIS R EBR S 5007 R T BIIR 2B TR 2= MK 43 g
o MM H, KB R T SRR AT R AR A
hy TR el SRR 1) AR AR AL T — R R T i
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Optimization of drip irrigation scheme for mature walnut in arid areas of
Xinjiang, China

Hudan Tumarday, Jiao Ping, Milixiati Minadola
(College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: Scientific and reasonable irrigation schedules are the keys to improve the efficiency of irrigation utilization. In this
study, the reliability of HYDRUS model combined with optimization model proposed used for irrigation scheme optimization
was investigated. The arid area of southern Xinjiang, China was taken as the research area. In this area, the groundwater depth
was target than 6 m. The soil dry bulk density was 1.39 g/cm®. The experimental data in 2018 and 2019 were used for model
calibration and verification, respectively. In the experiments of both years, the irrigation quota was same as 45 mm and the
irrigation norm was 360 mm. The irrigation stages were same. The walnut tree was eleven years old. It was drip irrigated every
year. It started new growth period in April and was harvested in August. The soil water content was measured. In addition, the
leaf area index was calculated and root-related indexes were determined. Meteorological parameter values were obtained. In
this study, the rainfall amounts in 2018 and 2019 during the whole walnut growth stage were 133.3 and 24.8 mm, respectively.
The years of 2019 and 2018 were respectively dry and wet years based on multi-year rainfall data. A total of 128 irrigation
schedules were designed and they included eight irrigation quota (30-65 mm) and 16 irrigation intervals (5-20 d). The deep
leakage and water stress under the 128 irrigation scheme were simulated by using HYDRUS-2D model. An optimization
model was proposed. In this model, the target value for optimization was the difference between the amount of deep leakage
and absolute of crop water stress. The values of amount of deep leakage and crop water stress both could be obtained by model
simulation. By simulation, the irrigation scheme with small target value for optimization were considered to be optimal. The
model calibration and verification results showed that the model accuracy was high with root mean square error of 0.016-0.017
cm’/em’ and R* of 83.03%-83.73%, which indicated that the model was well in simulating soil water content in the field of
walnut of Xinjiang regardless of wet or dry years. Under the condition of the irrigation quota 45 mm and irrigation intervals of
8-20 days, the water consumption and the daily average water consumption intensity of mature walnut during its whole
growing stage in Southern Xinjiang were 634.15 mm and 5.51 mm/d. The daily average water consumption intensity was the
highest during the oil transformation stage (6.87 mm), followed by the hard core stage (6.14 mm), fruit expanding stage (5.29
mm), and flowering-fruiting stage (3.72 mm). During the whole growth stage, the total water stress was -25.57 mm, and the
total deep leakage was 109.75 mm. It accounted for 21.33% of the total water consumption and exceeded the 20% of the total
water consumption. Soil water flux in different irrigation scheme of mature walnut under drip irrigation was simulated by
using the HYDRUS-2D model. Then, the optimal irrigation scheme was screened by using the optimization model. By the
optimization model, the lowest target value for optimization indicated small water loss. Thus, two irrigation scheme were
recommended: 1) the irrigation quota was 35 mm, irrigation intervals was 9 days, the irrigation times were 11 and the
irrigation norm was 385 mm; 2) the irrigation quota was 50 mm, irrigation intervals was 14 days, the irrigation times were 7
and the irrigation norm was 350 mm. This study provided an effective way to formulate irrigation scheme of mature walnut
under drip irrigation in Southern Xinjiang.

Keywords: irrigation; optimization; Xinjiang; arid area; walnut; drip irrigation scheme; HYDRUS-2D



