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1 E: ETIHAEEAT 1998—2020 41 H AL HE, FM FAO Y Penman-Monteith J7 B FIBAMEY) R %0k, HE TiZHIX
FEFAHEY KRB IR AR £ L2 F TR R | AR SR T K . 8502 O F Heh /K
FE TR B 1.92 g/kg MUAEERT 4, /KFERYEEIE T KN 301.0 ~ 594.7 mm, ZAEFH4E TS K 446.3 mm; Q% T 344k
SRART 1.92 gkg ERE 1, KRGS K 478.4 ~ 848.3 mm, ZAEF-HAREMETE K i K 660.5 mm, % FEFIFE AT HYHEK
JEERIS AR, SEPREEIE TR KB EA 712.7 ~ 1 317.1 mm; (31998—2020 4E/KFa b K A ke, S RERE L, BT
BIXRLEFHAE A, TG T8 E LRI, S T K ST R M, @ARTEEEM AR ER 5t FMEK ARSI 245 1K 53 5 g
ol -0.68, TEMRTEAERE L AME KA 2P EIK G5 88 EC -0.77, KoarwitE R, T2 XEE M R 55 .
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Study on Net Irrigation Water Requirement for Rice in Saline-Alkali Farmland in Coastal

Northern Jiangsu

GAO Yuan'**, QIAO Xiaoying"***, CHEN Xiaobing*", ZHANG Xin®, XIE Wenping®, WANG Xiangping®, YAO Rongjiang’,
LIU Guangming’

(1 School of Water and Environment, Chang’an University, Xi’an 710054, China; 2 Key Laboratory of Subsurface Hydrology
and Ecological Effects in Arid Region, Ministry of Education, Xi’an 710054, China; 3 Key Laboratory of Ecohydrology and
Water Security in Arid Regions, Ministry of Water Resources, Xi'an 710054, China; 4 Laboratory of Coastal Environmental
Processes and Ecological Remediation, Chinese Academy of Sciences, Yantai, Shandong 264003, China; 5 Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: Based on daily meteorological data from 1998 to 2020 in Dongtai City, Jiangsu Province, FAO-recommended
Penman-Monteith method and a single crop coefficient approach were applied to calculate the full growing season water
requirement, effective precipitation and net irrigation water requirement for rice grown on non-saline and saline soils. The results
showed that for non-saline soil with a total soil salt content below the rice salt tolerance threshold of 1.92 g/kg, the net irrigation
water requirement for rice ranged from 301.0 mm to 594.7 mm, with a multi-year average of 446.3 mm, but for saline soil with a
total salt content exceeding 1.92 g/kg, which ranged from 478.4 mm to 848.3 mm, with a multi-year average of 660.5 mm. If
considering pre-planting leaching to suppress salt levels, the actual net irrigation water requirement would increase to
712.7-1 317.1 mm. The net irrigation water requirement for rice was highly variable from 1998 to 2020, with significant
interannual fluctuations and a widening range of variation, indicating an increasing risk of drought and flood disasters, and also
making it more challenging to predict net irrigation needs. The multi-year average water deficit index for rice was —0.68 for
non-saline soil that do not require leaching, which was —0.77 for saline soil that do require leaching, indicating a significant water
deficit and underscoring the need for enhanced regional irrigation system research.

Key words: Coastal saline-alkali land in coastal areas; Water requirement of rice; Net irrigation water requirement; Dongtai City
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K EARVEY A K R h R B SR E AR ST K
JEEHFE AP EESH, REEiE S A P, UK
DK BRIRIR B, AR IR B R VLT RELR
B Pl B ) 4 HH 32 230 0 AR K R R i KL, KA B 7K
A BT 00k sE, JFRE R —E A TRl -
RUE BB VR L2258 W KRB VR 75 7K 2 R0V i I
KT TWRIE , ARG 2058 R 25 IR R 5+ R
FRAGILEOL TR R A K s, IR
P KR 2 AT A T R AR T 7 R DU AR
PerEdh . ik, AR ETITHRE R AT 1998—2020
AR H ARG, TR T KRS TE TS ZEEE R R 1 R 5
AT EHE W R R AR R 5 L A K
HEEG K7 WFGEEAT T /e, LAz X 1)
LR Bl A R B AR A EE A U S A

1 #MRERE

1.1 FAREERSEHFERE
TTHA R AT (32°33'N ~ 32°57'N, 120°07'E ~
120°53'E) i Ab At #viy Jb 2% , HAT BH 55 (14 1 2 XL
s, FEESHR 15.0 °C, 4ETCTRY 213 d, P
FEK BN 1059.8 mm, P78 Kk 80 1 419 mm,
KRR EPTE 5—9 H, AP RGE 3.3 my/s, 4
SR FIXHRE 081178 & b X R 15t 1 S WA TURR
T TR Y0 RIT v e b K T R ) 4 ) v R
g, T AV EAEN S JE T IS e T
W MR R U XN TRK RV S, TRk
VRERE, AR HEME A MUK, 2R 7K

e AP UERS 5 S AT 9108, IR PR &
Fl, 2AFMHR 153 d, AU KEA T ARG H
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ABE SR BT AR R A TR R B R 0 (32051
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VIR R 4 . A B n B B 5 o M S 7R
Python M4 F5ei, 4GS HEMER . B (A #H
R 3 W55
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TEV oK 2 RIEY A K KT i SR
K, WIEEY 750 | BRI 28 & FAs sU/E P 4 211
AR B TR A E DA LR K R — AR /N, RS
Protaa o F 2RI, BRI DAV EY 25 10 5 5 AR ) 2%
KM, BN Kk 7 M AR VR R K i Y 322
I5e AHFERHRZ S HINTT 1 FAO HEZER FRAEY)
A E KRR R H KB AR

ET, = K,ET,, (1
K. ET, B ¢ RAKBEED T KE, mm/d; K,
N ¢ RAKFEHEYI R 8 ETo WA « RSEAEYTH
K (R L5k . s emEsn. EYEK
IEH AR TP R [, =5 8 ~ 15 om MYRE LML)
AR A, N mm/d.
121 ZEEY T KEITE 2 F WA K I
F9EIERA, Penman-Monteith AR ES RIS %
VEWI e K 5 S bRz it e 4, 3 FH TG BN R b
XSEEYTKE, HSHEYTEKE ET KA
FAO #E¥7 1 Penman-Monteith AR 478, HH5&
s (I

0.408A(R, —-G)+y 900 u, (e, —e,)

T+273 )
A+y(1+0.34u,)

K ETy WS HEWTKE, mm/d; A KRR
LRIR, kPa/°C; R, WTEIZ RIS, MI/(m™d);
G N HIEPGEESE, MI/(m>d); T HHELL 2 m
AREPERIRIR, °Cs wp MBI LA L 2 m A XGHE, m/s;
e, MIERIKIAE, kPa; e, NEFR/KIZE, kPa; y
MEETHH AL, kPa/°C
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Table 1 Rice growth stages and crop coefficient values

H OB P Gz B 1) TEMRB K.
WK SH20H—6 A 18 H Keini=1.05
PR EY 6 H19H—7 H18H  1.05 &t = 1.20

AFERY 7TAI9H—9H 16 H Kemia=1.20

ARFEH O 9A 17TH—10H 19 H M 1.20 &M FHE=E 0.90

KRG BIEY R B L& 1 FoR  WiiR AR R
A B T IEY RBCh A, PodtUR B AL B S %
HAEY) 25800 2015
P J{i—Z(Lpre)
“ P Lstage
Kot R BEANEBWINMHITEG K Bns e R
BIVEYI BB Laage o8 ¢ RITALEIAE B E (d);
Kenext 278 t RZJGHEFTWHED R Kepre T t K
ZHIEEMREREG S L. Fn ¢ RZHA %
BN EKEW)-

:| (Kcnext - chre ) (3)

N
120k K. mid‘ e
< I '
ﬁ 1.05F :. )
i 0.90F | 3
Ko K
| WEFEORE 1 | Mgk
WA Pk El AEFTE AEFED
HEFRE

1 KFERIIEY Z 5k 2

Fig. 1 Crop coefficient curve of rice

1.3 BHEKEITE

7 YR K 2 R B K A R S PR R A
gy, BOHED R A MK E, B5 T BBk
Rlih:, 284 AR E BN AR S E A
IR SRR Y A K & T ETEARZ
AR R R AR B AN Iz, HoA R
CAEF L2 e P A R, AT

P(4.17-0.2P)
T
P,=4.17+0.1P P=83mm/d (5)
K P AR KE, mm/d; PRy S FEKE, mm/d,
14 HEFKEHE

TRV SR T ) AR AR DX AL 205 8 o ST PR 7K i A
BEK, MTTRAAR DX AR A3 HE 1 B . 240K i 5
WK 2 HERR ke 50 O o 4 ) ek
g, T LR B K, LA RIS 2R TEAR
AR o RS A ek RO GE FAERER DR, o RIS E
YEDFPAE 2 AT HEA T (RPVEIE R Ehad ), H el 135
LR RE R EIVED T LA KRR 1 S bR
KA REAXT

D, =(KxD,xEC,)/EC, (6)
Kor: Dy e RIETR K, mm; Dy B R
TIHERE, mm; K oA HIERE, AHLLEN 045,
4k 38 0.30, HUK 38 0.10; ECoe ARG+
HER AR EREE , dS/m; EC ek Bl LR
SRR, dS/m.

IKAEAR R Ak, Hid 80% ~ 90% AR R4
MAERZ 0 ~20 om H3Ed . HEH| LR EEFITTZ)
K, BRREERE N 0.5 m, BREE SR
KRR RE A, AET HIER e+, K
HUH 0.30 ABFFEIHE T 7R & Th A [l 36 B R voit LA
KRR, Fras (e ke K, sk 2 Fos . iR
9 R SR W E DR R, AR ST XK
FATH R BIE R 3 dS/m, (HHLEART RE 0.641,
P As SR 1.92 g/kg. I, ASCHER
W EE R AR T 1.92 g/kg B9, JEEREE L
FRAgEh o IR T 1.92 g/kg 1) 13

zx2 FEMTARRELEARKESTKE

Table 2 Leaching water requirement for soil improvement with
different salinity in Dongtai

P <83 mm/d )

KA AR MRS KRBT S RIER K
(g/ke) (g/ke) (m) (mm)
3 1.92 0.5 2343
4 1.92 0.5 3125
5 1.92 0.5 390.6
6 1.92 0.5 468.8

TEI I DXL Vst X, KA e R 54
AR IR . AHICTTREE A FH b A0 LR AT
K 100 ~ 200 kg AR TCFERY, pEAl, FEMEAL 245 11
HoRKEER . Hik, FE LIV R 25, R E
PEATHEREMR R PR e - 48R B L ZEAR X 3 —3h a3 2544
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mm; D AHEMKE, mm; EC AREMKATH SR,
dS/m; ECy il i VEMIAR X RSB HEK A L 52K, dS/m.,

RS T RV e VAR B el FARLVE W 1 T
VR EC (HYUE . 7F ML+, BCy5 EC,
FER @RI LR

EC, = 5EC, —EC, (8)

ARSI HEE K A2 38 2008 3 dS/m,
F TR A E AR X RSB HE K A FL % ECy Hy
12 dS/m, Wk¥ESr%L LR 24 0.25,
1.5 F#EREKEVTE

VEVI T K i h ) —3 o0 T e B /K R4S , Rk AL 45
AR B 5 FT HEEBRANTE , MR A S R g AR A
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P T K S T AR NNEY R KE S5 A R
RK B 2 2% o (H R HE A FHAE ) (0 TR 5 /K i 1V i
AR RF Ve T AR, T .

ET
D=—-= 9

1-LR ©
IR=D-P, (10)

K D WA E TR K ETENNEY T KE, mm;
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1.6 KHBSIEHEITE

VERIK 532 5 PR BURAR A 7= Wl ) B L8
EIBFRTEAT BN TR B LT S BE AR A 34
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2, EIHEEUK . IHEARXMT
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e 1Ky B 8G HARRT S B SRR >0 3%
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2 ZER591%h

21 HEBREKE

% 3 4 1998—2020 AFEAHF 5 IX A LRI E s £h 40
FRK R4 tE B A TE I T /K 2, AR T K &
(ET.). AR (P, A5 IRGET K R TE N IR

KB (D) R A T BT K B (IR) L K 3R
B AR AR TR KR +).

H1Z% 3 AT, it 45 KRR TR K 2 4F
SRR 660.5 mm, HoH 2020 AR, A 478.4 mm,
2013 4E g, M 848.3 mm; FEELWE L AT L4
YIE K 446.3 mm, [FIRE 2020 4E6A%, ¥ 301.0 mm,
2013 4Ef i, H 594.7 mm. FEANTZ BT E e £h i 7%
(LT, 15 A R R K RS A S 24 v I 75 7K i LA
i 214.2 mm, HIEEEL 50%. R RIER
B KR AR T K B AR, s L BRI
fE B, Fldn. 1999, 2002, 2003, 2004, 2012,
2013 1 2020 4, TR K 5 2 AR A2
#it 100 mm; 7E 1998—2000 4. 2002—2004 4F |
2010—2012 4EF1 2013—2014 4EEEMARAEGY , 4EFR2E
{HHFE#Eid 200 mm,

&3 KA 19982020 FKFEFERFE KE(mm)
Table 3  Net irrigation water requirement for rice in Dongtai from
1998 to 2020(mm)

ARy ET. P. D IR IR 4
1998 671.9 199.1 895.9 696.8 472.8
1999 589.2 2455 785.6 540.1 343.7
2000 683.9 208.1 911.9 703.8 475.8
2001 655.6 160.7 874.1 713.4 494.9
2002 687.5 150.9 916.7 765.8 536.6
2003 568.2 249.6 757.6 508 318.6
2004 692.8 127.3 923.7 796.4 565.5
2005 640.1 217.7 853.5 635.8 422.4
2006 661.5 189.8 882.0 692.2 471.7
2007 636.7 205.2 848.9 643.8 431.5
2008 598.7 194.0 798.3 604.3 404.7
2009 613.6 189.1 818.1 629.0 424.5
2010 694.9 172.8 926.5 753.8 522.1
2011 596.7 274.0 795.6 521.6 322.7
2012 706.4 130.8 941.9 811.1 575.6

2013 760.9 166.2 1014.5 848.3 594.7
2014 589.9 195.5 786.5 591.0 394.4

2015 618.2 239.7 8243 584.6 378.5
2016 652.2 262.2 869.6 607.4 390.0
2017 678.1 234.4 904.1 669.7 443.7
2018 647.7 139.1 863.6 724.5 508.6
2019 608.5 138.7 811.3 672.7 469.8
2020 532.1 231.1 709.5 478.4 301.0

22 EBRERZFEHTHEREKE
TR B L R, 25 ma LR,
SRR U S A v, R I A b i A R R
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JEEL, DLUE O BK R A K AR ER RS, (R HE

K TETH AGE IR T 3h S e Pk vE T K L (AR

ZHH a5 KB R IR T, 1998—2020 4EZR AT

AR U Eh 2 #F b K REHE R T /K AN 4 PR .

F4 EBELEHETRREIE S KEEREKE
(mm)

Table 4 Irrigation water requirement for rice in different salinity
lands under leaching condition

Fhy BRI B LT BT BRI
oy 3eke #HAragkg 4y Sekg A6 gkg
1998 931.1 1009.3 1087.4 1165.6
1999 774.4 852.6 930.7 1 008.9
2000 938.1 1016.3 1094.4 1172.6
2001 947.7 10259 1104.0 1182.2
2002 1000.1 1078.3 1156.4 1234.6
2003 742.3 820.5 898.6 976.8
2004 1030.7 1108.9 1187.0 12652
2005 870.1 948.3 1026.4 1104.6
2006 926.5 1 004.7 1082.8 1161.0
2007 878.0 956.2 1034.3 1112.5
2008 838.6 916.8 994.9 1073.1
2009 863.3 941.5 1019.6 1097.8
2010 988.0 1066.2 11443 12225
2011 755.9 834.1 912.2 990.4
2012 10454 1123.6 1201.7 1279.9
2013 1082.6 1160.8 1238.9 1317.1
2014 825.3 903.5 981.6 1059.8
2015 818.9 897.1 975.2 1053.4
2016 841.7 919.9 998.0 1076.2
2017 904.0 982.2 1 060.3 1138.5
2018 958.8 1037.0 1115.1 11933
2019 906.9 985.1 1063.2 1141.4
2020 712.7 790.9 869.0 947.2

MR 4 AIH, 7E7%5 RN R0 e e dh it 72
J& , ARTRRTERER BE 2544 T B /K R E I T /K A AE B
255, HARARA THEKT. 3k 3. R 455 FH,
A 3 PR ORGSR AR T, B R A S el R e
S (B TE £ T3 Ak 1) F0 (o W o K B 22 BB K. I B
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Bt B, R ) R K R KA
1317.1 mm(F 4, 2013 4F), {Hk K 5¢ 85 e/ N
W 7K & 301.0 mm(FE 3, 2020 4F), HijJ5 Z{E M
1 000 mm. R R 58 U5 SR HABAEY) , 2 0
TR o 35 550U Vb X /K R 1% it ) K] 52 5 7K U
PB4 R AE
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B e HE 2 A, AEERE + AR K 7 B 5k
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Fig. 2 Water deficit index of rice from 1998 to 2020
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