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MR 5. FET HYDRUS-1D F5 2 B 5 35 1 1 A% FH 9 EE VEE Wk 1) P2 1) o8

PR BEAT RS WRRENE . LIV R OGBE M R ] ST 0k,
AT — BRI AR H 0~20 cm L EAFILA
PR K 28 %A R e /K AE 3 op (RIS SRR ALE
R T EAR T (0 3K 73 B A R b HAUAE ) E
e E AR P PR R VR A 2, DA ) S AR
T VEE TR A P AR BEBOR S

1 MR5REE

1.1 58 X5

B 1 EL S AR M A 5 2 A Ry AR . i IX
S8 T PN R T TR A, e BOR B AR
PERFEIKRHIE, PRk FEEEME 6—9 H, F 1K
41029 mm, FVHZEKEN2 551.9 mm, HiF
IKIEGAT 3~8 mo FEIEAR FEHFUE 0.196 k',
WAL ZREE 106°9'—107°10", Jb&i 40°9'—40°57", 4
M EMESIEEE (Medicago sativa L.), L3R
R Jg3gERb £

TR0 2% B A TR O LRV G AR L, OB
MECNS HIH—10H 1 H, 3Eit 154 d, WINHEARE
ek, MR K& DIRAKELE 1. 5—9 AMEA
PRBEMEHIE WA 1. SHEBEE N 511 mm, FF/KE 41
mm, REBIREN 20.2 mm, LEF/KELHEN
2.1 mm.
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Fig.1 Irrigation, rainfall and soil evaporation in the sample plot
& 1 K 5—9 A #BIF L

Tab.1 Irrigation in the study sample from may to september

B 7 R

T [X )/ (mm-d™)

55 6 F 7H 8 H 9 H

0 18 17 17 14 2
0~10 6 10 9 13 0
10~20 5 2 5 4 0
>20 2 1 0 0 7

1.2 MR fRE

e 7K 8 R i EE o E R O Y R R O . A
) - J2 R B Ak ) 3R FH /K Z2 HH MiniTRASE TDR
(MADE IN USA) 37K 73 PR3k M, W dR B 45
BONEEHE LR 20, 40, 60, 80. 100, 120. 160
cm &b, JERS A ARG A 30 min. HIEKMRZBIR

B RHH A LYSIMETER {850 &, e iR & it
FKLLF 200 cm. KHEWIAE 3 & ERERE, £H
TEAC N B25 10 = MR 5100 A, il 5E 1 [ K
B OEWE. HEARSKENEZEBREY 3
AWM S CEIE, B TR I
1.3 I

W58 X b a3t () LR EAA RS KRR 6%. H
TR R L EAARLE 0~30 cm R, RGN
M 0~60 cm L JZ ) T IAAFAE7KE . JET HYDRUS-
1D MY 4 PR, ISR 2, 25 EL LH-L.
MH-I. SM-I. CK #/x; %H& 54 0~20 cm £Z+
VIR S K RERE . 4% 6% 8% 10%. 12%,
43 AL S1. S2. S3. S4. S5 F R 20~40 cm Al
40~60 cm T EMIVIEAEI G KRR E N 4.5%M 4%,
WA FIREBEKEA 0~20 cm 42 HIRHIEE 5K Bk
AT A A S, it 20 NMbEE.

k2 BBAKF

Tab.2 Irrigation level

AT MR mm ol ORI
(mm-d")
o o P8 K TR R (LH-T) 432 3 25.6
F S5 13 K B (MUH-T) 42.8 5 13
IR rh SR B (SMT) 36.8 5 8.8
T HEB(CK) 0 0 0

1.4 MEEFR

20~40 cm 1 E T IEARF S KR BIA 1 2
RUIE TR AR S KR . IR S KR
PeREAETZE 05 2 FIAH; 40~60 em 12 HIRAR
FrKRBIE L e 2 S A IR R A K R
8. LA EFRFREET HYDRUS-1D BRI AT H .
1.5 HYDRUS-1D #&#!

HYDRUS-1D #5885 J 21 1) v 50 F2 A
AR — YA —IR R 135K 4y da B 5 FE A
F Richards 2 = it &', HYDRUS-ID t 3% F
Feddes 5 SRR R KHE R, (EMIZ IS K
w (ET,) %7T FAO #4#£f Penman-monteith /7751t
GO, AR PR R AR &R 4 A, R A Hoffman A
Genuchten $& H ¥ 73 BUHR 52 %5 2 7 A bR BUOBEHUAR 2R 40
AU ARG 2019 4F 5 A 18 H—9 A
7H, BRHERLLT 20 40, 60 cm REEAL A
FRE K R BE I [R]85 4k o SR FH AR B ) 25 K3 43 77 2K,
MR YR WCSOE AR IR BB RT [R5 K . B8 WIER I [A] 25
K4 0.001 d, HKMRAEN 0.1x10* dF1 5 do FERLLK
BRI NE R R I TR, FIAFR %A
NHE EHHEEKIIR

F#] F HYDRUS-1D #i % ] Water Flow-Soil
Hydraulic Parameters DJRg, AR5 S £ 45 o B A Y
TR IS, TEB I S AR A R PR
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&, LURAG 0~60 em HEMHHOKESE (R 3).
(3 THRARNFEHK
Tab.3 Soil hydraulic parameters

e 0, o Alpha N K, /
R /em ’

0~20 0.031 012899 0.0098442 20683 250 05

20~40  0.0032 0.11932  0.077332 12946 20124 05

40~60 0.01 0.1366  0.017881  1.5885 100 05

F Q) BRRBKE; 9 WRIEKE; Alpha: MK N LR
WM K, WRUKIESIE, L AUAEERY.
KK E PO LR R E (ED, WR:
ET=DI-ASWCxHx10-DSR, 1
AN ET ALEERKE (mm); DI A H#EE
(mm); ASWC N2 IR S KK B E
(em’/em®)s H A HIRFG KR K ALK L2
JEE (cm); DSR NIFZEZBFRE (mm),
1.6 =B RYIIES BRI
BT uE 2B (R, FHRE (ME). T
WHiRZ (MRE) R iR 2 (RMSE) Y571 i
HvEHEAT VRN, R ARG 5 SE MG S A T
ME /MRS RS, MRE 5 RMSE #i&ix
LA K
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Fig.2 Changes in soil volumetric moisture content under different irrigation levels

2.2 HYDRUS-1D & RS R

T HYDRUS-1D A, 0~60 cm 2K+
S KEAN (K 3), R HAGH 0.742 52, ME FAk
N-0.000 67, MRE X~ 0.156 115, RMSE HA&H
0.010 378 (K 4), UL R A5 HHE -
2.3 0~20 cm TETIBEVREFAZKE (Q)) MIRFE
BARE 15K 5 BN

AE Qo %A PR AR)Z (20~40 cm) HIE{AFH
10

T 0 Ui BB E 5 SR 2 18]l 25 /. R
Excel A AT H 8 b PR S5 /E ], KA SPSS 16.0 X144
AT BRI 2T 20T

2 BERE55H

2.1 NEFEBKFEXE R LIRATR 2K ENEN

ANFIREBEACT T %2 3R RS KR AR an b 2
Fime 4BEBKF A LH-LI, #ERERTHI 0~20 cm Al
20~40 cm 2 ) IEARFR B /K EEAH LU RERE R 20 01 1
K 6.4%. 10.6%; FlEHEBERT AIFTAEK:, 40~160 cm
T JZ B WA BK AN, R TKIE 53 5N 3.0%-
2.9%- 1.8%- 1.8%. 0.7%; 4#EME/KFAN MH-I i,
)2 IR K 43 I B 2208 FLIKIREL /N, S KTk 7
N 1.3% 42%. 0.1%+ 0.3%- 0.2%-+ 0.8%. 0.1%:;
LK SMAL IR, i LR ARAR B oK 2Rk s i
FERR AN, B KERWE 7 38 0.9% -0.2%- -0.1%-
0.2%-+ 0.2%. 0.9%. 0.6%; CK 2kt F, %)=+
AR EIK R RS T EES.
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(d) CK

KRR ZE S AR 5 FioR. 4 MK
T, BE Qo M, WAREIEAEBS/KEREH
5 I ()Y 23 . LH-I. MH-T. SM-T 8
KFTF, WRRE TR KR BR8] 25 5 1 [a]
B Qo XA d S1 AH R 2.5, 2.7, 2.8 d Ik
/MR 03, 03 0.4 d; CK %M N, RARZTEAER
K BANAE S5 A FE T RTA P ZE .
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<« L | o X 6 k =
g0 M DR N VA
§ 4 = 4 r w4 r
=, | 3
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FEEALL R e/ HEI Ke/d R Ke/d
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Fig.3 Comparison of simulated and measured soil volume moisture content values
% 4 BEAUE IR FEWEZKT T AR 2R 2 IR AR B /K FRIG(E K IR BN AR
Tab.4 Simulation effect evaluation €, SM-1A1 CK KT BkisEss Rz
ez 20 em 40 em 60 cm M 551, LH-1KETF, BEE O Hsgm, 1R
2 N\
Fwmen 0MDRh  gp R AR LN KRR
s s s g E? A & v . -
RME 0.156 115 0.196 887 0.205 109 K&, S1 B TFMNKERA, N 6.0 d MH-I
RMSE 0.010 62 0.012 695 0.010 378 KFT, BEE Qo B3N, MAREKSRFFEHER

AN Qo 25 PR R B IR S KR IE (AL
THOLUIE 4 R 5 fion. BEE Qo MIsIn, 4 FhiEk
KRR R JZ AR AR S K IR 2 3 K.
S1 4FF, LH-I. MH-I. SM-I. CK /K F i
R AR R LIRS KRNI E B 5 KE (4.5%)
3 Bk 4.5%. 3.6%. 2.5%. 0.1%; S2 AbFER 43
A LK 4.6% 3.9%. 3.3%. 0.3%; S3 AbFE 45
ik 4.8%. 4.6%. 3.8%. 0.5%; S4 4bFHT4rH) Lk
5% 5.1%+ 4.3%- 2.2%; S5 4bEE R4 bk 5.7%-

¥z FRRK SRR ERVNES, S4 AR
MHKBRA, N7.7d; SMIKFTFR, WREZKSER
T ZE R ERINKBEE Qo KN 2 R4 FFHE
3, S5 AFE NN KERA, N 6.6 d; CK KT,
R R Z TR TR B K FANAE S5 ALTE T BIA T 2 R
AFE QoM TNIRIE (40~60 cm) TIFEAAFIE K
A 5 fioc. LH-I. MH-I. SM-1/KFF, [
Qo MBI, RZ TIBARFE /K R I I (E AN 1A T
25 R RIS ) 43 ) S B KRRk N T By, CKO 7K

51%. 4.7% 2.1%. & Qo HIMIN, LH-I Al MH-I — FRE LIRS KARBTLHZ
%5 0~20 cm £ & £ IE R E S RAR A K R T IEHE AT 40, 60 cm K B A LR 547

AN

Tab.5 Soil indicators at depths of 40 cm and 60 cm below the surface under different initial volume moisture contents in shallow soil

FEHBZELLF 40, 60 cm ¥R & kb 433 FEHLE LT 40, 60 cm S ik

PR LR 40 om VR b e AR

A3 AR KR BNIA I fUTR a)/d TR B KRR/ % BOKERLERAERZE R, N K/
40 cm 60 cm 40 cm 60 cm 40 cm

LH-I 2.5 43 9.0 7.6 6.0

MH-1 2.7 5.0 8.1 6.7 39

St SM-1 2.8 - 7.0 5.6 3.0
CK - - 4.6 4.0

LH-I 1.7 3.8 9.1 8.5 4.2

MH-I 1.9 39 8.4 7.8 4.7

52 SM-1 2.0 5.6 7.8 6.3 44
CK - - 4.8 4.0

LH-I 1.6 33 9.3 9.6 43

MH-I 1 34 9.1 8.7 5.7

53 SM-I 1.2 3.6 8.3 8.0 5.6
CK - - 5.0 44

LH-I 14 3.0 9.5 10.4 4.6

MH-I 0.9 3.1 9.6 9.5 7.7

54 SM-1 0.8 3.6 8.8 8.0 6.3
CK - - 5.7 44

LH-I 0.3 2.8 10.2 11.1 57

MH-I 0.3 2.7 9.6 10.1 6.4

5 SM-1 0.4 2.9 9.2 9.0 6.6

CK 0.5 - 6.6 59 2.8
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Fig.4 Changes in root layer moisture content under different irrigation levels and initial volume moisture content of shallow soil
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Fig.5 Changes in deep soil moisture content under different irrigation levels and initial moisture content of shallow soil

2.4 FEBKEIHHIRABIRE TIEK SIS0

% 6 741, LH-I. MH-I. SM-1 /KT T
IR R 2 AR AR E 7K 22 B0k 0 28 1 I )G I 35 22
Fto fE IR B K ERIEETT1H, LH-1 #EBK &
25T SM-L A CK, LH-1 fil MH-T K2 8] 6 i 2
Z5. EMRRE LA S KELERENZ R b
(7T, LH-I. MH-I. SM-1 3 FhiEmk/K-F 6 &
FER, BAAEDN MH-I>SM-I>LH-1, F+ MH-I
12

KR B 4ERER (Rl i A, 9 5.7 do

LH-I. MH-I. SM-I #BE/KF T 1R )2 3R
KR BTE T ZE S ) TE R 2 . ANFEVEBIK
PR ARG KRG KN R RN LH-I>
MH-I>SM-I>CK, “F¥JIEE 55358 9.44%. 8.56%
7.38%- 4.54%. LH-1 FEWEAKF T BIRZE I8 AR
IKZRIEAEEE MH-1. SM-1. CK 7K-F4> HI3R 5 10.28%-
27.91%. 107.93%.
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% 53 HPGOZ %5 T HYDRUS- 1D BB [ 5715 B 45 AR FH g i R i) 5 1) 2
& 6 TRIEBEATFTFIEEMAEAT 40, 60 cm FEA G LR 4R
Tab.6 Soil indicators at depths of 40 cm and 60 cm above the surface under different irrigation levels
PHESHIZR LUK 40 om PR AL 11 FEBSHR LR 40, 60 cm VR SE 4L PEESHLZZ DLR 40 om IR AL HIEAFR &K
FEWE KT PR K B 25 s B Tl/d T IRARFRE KR /% YEFRE 3 R BB K/
40 cm 40 cm 60 cm 40 cm
LH-I 1.5a 9.42a 9.44a 5.0a
MH-I 1.4a 8.96ab 8.56ab 5.7a
SM-1 1.4a 8.22b 7.38b 5.2a
CK - 5.34c 4.54c -
3 it 965 KRB A F TR R E AR JZ K Hh e

LH-1 K CREERRE 43.2 mm, fRER
SEFE 25.6 mm/d). MH-T K CREBLE 42.8
mm, FAKEEBRIERE 13 mm/d). SM-T #EB KT (R
HEEE 36.8 mm, HORHEMETESE 8.8 mm/d) Xf 3%
IR BIANEIR 43 BN 160 40, 20 cm, X5 AHT
FIGEEHIBIGE RAAEZE T . BE TR 3
VEWEKF T ERE AT 0~20 cm 2 HIERIIEAT 5 K
FNIE, LH-T EEREACE S PREBERT 0~20 cm L2+
HAUE & K FE N 2.9%, MH-I N 5.4%, SM-1 N
6.3%. AHFFEAEH HYDRUS-1D A5 R UAN [ HE ik
KFFT 0~20 em + 2 HIEYIIE RS KE T
20~40 cm Al 40~60 cm T3 EIKRARL, X FHTVELE
RERRERT R OF KB, i REPE R
MAHEX FIH HYDRUS-1D #E4T T EMBEX T oK+ 3%
MINBANA BRI . 43 &R HYDRUS-
1D BEAS N P AL 5 X K E B I B AT T ARtk
AHF IR TS 0~160 em +EHIEEKE, ¥
I3 BT 7E A AN R BE /KSR 1 3Bk A sh A AR A,
bEJ5 5 E 4 FREBLKE T E 0~20 em )2 HIEARF
BEEEARAR B K, AT AR R 2 IR = 387K 5y
AAE DL, 15 3 T AR AR A 7K 2 Bk I 28 SR (]
TR B K R . LA KR YRR 2
M2z K 3 ANSHUE, a1 R E E R
THREREBR RIS . BEE Qo MIXG M, LH-1 A1 MH-I R
KPR IR R E LIRS KR KRR E, SM-1 Ml
CK FEBACFk IR RN R, X5 BRI 7o 45
R VIMEE/KE RS, NBHIAR LK
BES, oK BRSO, IS KRB EE K,
T IEFLBR LW/, AH [F BT (] Y N B RN
BB 0~20 em L EBIKE KEH R T mok
FERERE (LH-D MR RE EHK NS, EXE
IKEH) 0~20 em 1 )2 L3 b 508 B (MH-D
THMRRZ KRR K EGREER, KR
LTI RE KD EEN K 0~20 cm +Z2 1)+
AR S KR R IEM, X5 Merdun 252, Wei 2%
(Ve e 5 AR . ETC MK AEIRAS L T, 13

X5 ERTEP R R KRBT LR E
BRI, LEEIEES T E TR LR B
B, MM A R ABIEE, KA E
At /1. LH-I. MH-1. SM-I #E# /K, MH-1 #EE
KPR 1 AR R K R Y R AR 2 2 LR ]
K, TR 57 do XEEESP BiE K a
WFFCLE e — 80 1 9m FE F /K RN E IR 2 b 78 3t R /K 1)
HERRZ, HBSSHERKMBRD. 4 LH-1#
BT, WELIESERE Z KNS, Btk
I8 R K YRIR 7Y

4 45

1) 0~20 em /= FIREBIE KR AZLIS SMATL
CK WK BA B0 /£ T, &
BEKERT 10%1 0~20 cm L3 B HESHMAR R
JEZIK T o

2) KE7KER 0~20 cm 12 HIEH A F)F LH-
[ BT TR ERRZEAE, SMAT KPR
RIZKAWBAERKE 0~20 cm L2 HIEHEFE K
HREIEAMSR, MH-I BEBACT TR AR Z LR 5K
SRYEFETE I B2 EIOR IR, P 5.7 d.

3) 3 0~20 cm 1R HIARIEKEAKT 4%
i, AERA LH-THEBKT: 2 0~20 em )R TIR4E
U KRR T %I, MH-T LK N iR .

CEFE PSS TR
SE R
[11  FE, W8, R, & 72X TR KRG S S T

7 B PRI RIS ] ol 224K, 2022, 31(9): 76-85

WANG Xing, HUANG Wei, YU Shuyan, et al. Effect of water and
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Developing optimal drip irrigation schedule for alfalfa production in

desert using the HYDRUS-1D model
MIAO Qingyuan'?, MI Lina', QIN Lanyu”, ZHU Junyi’, LU Qi’, YANG Wenbin*, CHENG Yiben"*"

(1. Cultivation Base of State Key Laboratory of Northwest Land Degradation and Ecological Restoration of Ningxia University/Key
Laboratory of Northwest Degraded Ecosystem Restoration and Reconstruction of the Ministry of Education, Yinchuan 750021, China;
2. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100091, China; 3. China Academy of Forestry Sciences,
Beijing 100091, China; 4. Inner Mongolia Low Coverage Desertification Control Technology Development Co., Ltd, Hohhot 010000, China)

Abstract: [Objective] Soil water is one of the most important abiotic factors influencing plant growth in arid
areas. This paper aims to develop an optimal drip irrigation schedule for alfalfa production in desert farmlands in
Northwestern China. [Method] The study was based on the HYDRUS-1D model . It compared four irrigation
schedules: intensive irrigation (LH-I), moderate intensity irrigation (MH-I), and low intensity irrigation (SM-I).
Without irrigation was the control (CK). Each irrigation schedule was associated with five initial volumetric water
contents in the 0-20 cm soil layer: 4% (S1), 6% (S2), 8% (S3), 10% (S4) and 12% (S5). Overall, there were 20
combinations. In the simulation for each treatment, we “measured” the time for soil water in the root zone to reach
the wilting point, as well as the soil water content at the wilting point. We also measured the time-period during
which the soil water content in the root zone remained above the wilting point. These enabled us to find the optimal
irrigation schedule. [Result] The effect of SM-I and CK on the above criteria was more sensitive to change in the
initial soil water content in the top 0-20 cm of soil. The plant roots were able to take up water even without irrigation
when the initial soil water content in the 0-20 cm of soil was greater than10%. When the initial soil water content
was less than 20%, the majority of irrigated water in the LH-I treatment remained in the topsoil. With an appropriate
initial moisture content, the topsoil had a positive effect on retaining the irrigation water from MH-I in the root zone.
The retention time of water in the root zone was positively correlated with the topsoil water content in SM-I. The
water content in the deep soil was greater in LH-I irrigation than in other treatments. Soil water content remained
above the withering point for 5.7 days in MH-I, the longest among all treatments. [ Conclusion] When initial
volumetric water content in the 0-20 cm soil layer was less than 4%, LH-I was optimal, when the initial topsoil water
content was higher than 4%, MH-I worked the best.

Key words: desert farmland; alfalfa; drip irrigation; moisture content; irrigation scheduling
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Effects of irrigation amount on soil water, water consumption and

yield of spring maize in Northwestern China
ZHAO Jinghua'?, YUAN Ruxin'?, WANG Jinmao”, MENG Xinmei*, YANG Tingrui'
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China; 2. Xinjiang Corps
Survey and Design Institute Group Co., Ltd, Urumgqi 830000, China; 3. Xinjiang Key Laboratory of Hydraulic Engineering Safety and
Water Disaster Prevention, Urumgqi 830052, China; 4. Hebukesaier County Water Conservancy Bureau, Tacheng 834499, China)

Abstract: [Objective] The production of spring maize in Northwestern China relies on irrigation. The purpose of
this paper is to investigate experimentally the impact of irrigation amount on the yield, water consumption of the
maize, as well as soil water dynamics. [ Method] The field experiment was conducted from may to september 2021
at the Karamay Agricultural Comprehensive Development Zone. It comprised six treatments by irrigating the maize
at: 225 m*hm? (W1), 300 m*hm? (W2), 375 m*/hm? (W3), 450 m*’hm® (W4), 525 m*/hm? (W5), and 600 m*/hm?
(W6). In each treatment, we measured the spatiotemporal change in soil water, as well as ultimate yield and water
consumption of the crop. [Result] (O Regardless of irrigation amounts, soil water content increased with soil
depth first and then declined, followed by another increase in the soil depth from 0 to 100 cm. Compared with the
other five treatments, W5 increased soil water storage in the 0-100 cm of soil by 2.35%-9.11%, 0.21%-4.37%,
0.39%-1.79%, 0.60%-4.48% at trumpet stage, tasseling stage, milk stage, and full maturity stage, respectively. @ At
maturity stage, the 100-grain weight in W5 was significantly higher than that in W1 and W2, but was comparable to
that in W3, W4 and W6. W5 also increased the grain number per spike by 10.49%-36.01% and the spike length by
8.31%-27.12%, compared with the other five treatments. 3 The results obtained from of the analysis of the
comprehensive evaluation model showed the comprehensive evaluation index of W5 was 525 m’/hm’, the highest
among all treatments. [ Conclusion] Irrigating10 times, with the total irrigation amount being 525 m’/hm’ during
the whole growing season is optimal for spring maize production in the Karamay region in Northwestern China.
Key words: soil water content; characteristics of water expend,; yield; spring corn; irrigation water quota optimization
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