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FALRE LA AT SRR T A RIR

B OMMS, KUk, BONES, kO#S, S, EARRS, Mpirs, 29
(1 BRLRFKFGIHEEEBE, Pi%e 710054; 2 PRI /KSGAESMNHAEHEGLEZE, PIL  710054; 3 ACFRREXAEKICEK

WA, WY 710054; 4 PEBEARERFESR S AEBMEE SR E, IWARME  264003; 5 HERMAR R 5 T,
M 211135)

H OE. ETIAAAT 1998—2020 4E H S S84, FH FAO #i##1Y Penman-Monteith J7 B FUEAVEY) 2500, 1145 T %X

FEFAHEY KBRS AR £ LA FWITOK R . AR K S T K i . S5RR . OXF R & H/NFK

TR B 1.92 g/kg BOAEERT 1, KRS AYREIE TS /K iy 301.0 ~ 594.7 mm, ZAEEHAEE T Kl 446.3 mm; QX T L4k
T 1.92 glkg B9ERTE 1, AKFEA SRS K i 478.4 ~ 848.3 mm, ZAET-HREIE Tk B R 660.5 mm, 2 [ B FE T A K

JEERISTE, SEPREHEIE T K R IA 712.7 ~ 1317.1 mm; (31998—2020 4E /K RG4HEETR K AR 2, S P B AYAERREAL, HIT

BHIXAIRHAE K, TG 57 0 FE LRGN, T K = IO S N X ;. @R TE ZR e A AEER 5 - ALK ARSI 24K 45

ok -0.68, FTEWVERIERT L FMEKARE M Z AR EK I T 584 077, /KA THE R, THE5R X B 8 R 5o .

KB IR, KREFRKE; TR E; KA

hE S S135 XERFRERG: A

Study on Net Irrigation Water Requirement for Rice in Saline-Alkali Farmland in Coastal

Northern Jiangsu

GAO Yuan*45, QIAO Xiaoying!?2*, 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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VLA MER AL N 65.3 5 hm?, 245 4 [
W U4, HABIEHEIT 1.3 77 hm? AR G
SR VoA SR A A& m 77.3 77 hm?, 3L
W 33.3 5 hm? (R BT & ik, FEEEEER b
ek R L AR R AR R R I AR 5 T MR B TR
F&, FRAAEIEKR?, E2EIEE BEEW )G &
b VR VRV bt R LR 7 BRI R A
Fadb R, AR R B R, AR BRI T
Aelh K B, 250 - A O e X b B 2 2R R A
H, TFREER AR b LR A A X R B [ AR 2 4 | w2
H ] D R LA RN R A PRI, IR I i X
BB 1 2 R S B,

SN B LY a0 e R Ll ) L ASE SR T A
FEw . HEK RS 2 B R B, YA, SRy
TR IR B R . e R EHEE R
AT 4 BT, Forh A R TR S b Y
TR, AR A A By ik ) S 1 IR
K ERAEVEY A K i B rh B ZARSERE I AN SR K i
EEHE AT EESH, R AR RE, W
KRR , AT R R B L VLIRRETR
B T B %) A ) 32 0 3 bR K R SR e R, KA B HE 7K
FAFA B TR 00k, JRRET R — & B E T IS o
RGO A VR 2228 X KR VR T /K i R I 75
KT THRGE , ARG 2058 A 75 R R 5+ 0 RE
PRAG LT, i TR X E AR K e, iR 15
Pl KR 22 A T A T R AR T 7 R DU AR
Ve AL . L, AR TV AR BT 1998—2020
AR H SR , TR T KRS TE TS B R R 1 R
AT ZHE R A AR AR T L A K
LB K T BASEOHEAT T 0 Hrihe, DOIZ X (1
LR Bl B AR ALA P SUR BRI AR

1 #RETE

1.1 HREERSHEWRE
TTHE A BT (32°33'N ~ 32°57'N, 120°07E ~
120°53"E) b Ab I By At 2, HAT B 0 A 1 2= X
S, PSR 15.0 T, SAETCHED] 213d, 47
[EK &40 1.059.8 mm, 478K+ H 1419 mm,
KIS REARERTE 5—9 H, P HEE 3.3 mis, 4
SRR 0.810Y, 7R G b X Eh 75t + R A DI
T TR R VA B b KA R R B 4 T AR
e, LIEE A RLASEAREN S =, B T B R e BT
T PR R 02, X PIRK BE IR S, (UK WE
JRFE, A HVEMESEA I FHRUSOK B, B RE 17K

TSP UERS 5 FIEGAE 9108, 57 43R B oRE AR i
ff, @AE MR 153 d, A5 EKEA T ES H
Wi k5 H20H,

AW FE BT A Sk A VLI A AR 5 R 5L 0k (32051
N, 120°17' E)1998—2020 4F & H S %%k,
FE L EE M N, B ds . BP0 . ok
Hfm . HERARR . HEEHE, SF X,
VIR B A . T A R B R 5 o T B 7R
Python ¥AEE R 5Em, 465 W EMER . BRI #b
RG34
1.2 EMEKEITE

EY oK mERIEWARK LT R EHER
KR, EAEEZE NS | BRI 25 K RV LA P 4H 2L
KRS, i T A E Y LUK B — AR /N, TESE
Frotaa o 5 2R AT, I IVEY 7815 1 SRR B 2%
KM, B 75 k75 M AR N VR TR K it i 32 2
g5 o AWK Z2EF AT FAO HEFE I BAAEY)
RBCRATHOKRENZ H /#K 418 A .

ET, = K ETy (D)
A ETa B t RAKFEMIEDTAKE, mmid; K
NE  ROKREEY 228 ETo WA t RSEAEYTH
K (RIFE 5K g . Wi eE . (EYAEK
I HAE ST AR |, 5 8~15 cm B R RIHL Y 75
K7ZEWER), S mm/id,
121 ZEAEYFHKEHE 2 F N AR R
5 IERH, Penman-Monteith AN E AR 2K 2%
YEY T K 5 S PR 28 il fe 330, 38 PG A [ e
XZEZEYFoKkE, WS HEYTKE ETo kM
FAO #E4# 1% Penman-Monteith A R T34, 3152
ANFUF

900
0.408A(R, -G ———Uu,(e, —e
( n )+YT+273UZ( S a) (2)

A+y(1+0.34u,)

K. ETo WS HEYTEKE, mm/d; A KRR
LA, kPa/T; Ry NIEZRNFHEST, MI/(m?d);
G A HEHGEESE, MI(Mm2d); T AL 2m
AR, T up AL 2 m AR XU, mis;
es HWIAIZKIAIE, kPa; ed WSEPR/KIZIE, kPa; v A
T E, kPa/<T

122 EMRBNHE  EMRECEEAED R
WHEEHESSHRBEZ L, ERMAFEEY S5 S
FAEY D, ARG 2% 2R T R SRR R K
HNEESH, EW M K FoRU8, TR A
TR RE AR TR Rl /B F W) 153 d, HAH
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15 FAO56 HEFHEZEAY &, I, A58 K FAO
HEAE VR A B Bl o3 (E AVE ) R EHEFA (0,
FAOS56 120 2 VEW R B0 vk R oy B B 3 1k
RKE 4 B IIEY) R BB AL e 4 DB
1) 3/ME, 4B BRI AR PR E . AR
FHWAAETEL, 3/MER Ken(P 4 K K P
BIE) . Ke maCEB T Ko FIE) . Ke ena(ZE TG
Ke e/ IME) P, KR A & 305 R AR BB 1.
T 1 KEHEEMEXIS RAEMARE

Table 1 Rice growth stages and crop coefficient values

BB B DGRz 1) TEY FR B K.
WRERY 5H20H—6H 18H Keini= 1.05
PHELTEY 6H19H—7HI18H  1.05&MMN=E 1.20

TR 7TH19H—9H 16 H Kemia = 1.20

HREES O 9H 17 H—10 A 19 H M 1.20 £ F R 0.90

JKAE VR 2 B0 N IE 1 B, R0 A A KA A
AT I RO E M, PR A T A F R
ER(R7ES G NN

i—-2L
Kee = chre " l:LS—previl (Kcnext - KCPFEVQ) ®)
tage

Ab: tRRENEFHNH PG KaRm 8 t R
BIEI RS Loage 8 t RFTALA A F IR (d);
Kenext 278 t RZJFAETIEMREG Keprew F1
RZATET R REG 2 Loew F8 t RZATITA
A F IR ).

1.2+ Kc mid :._.u, LLEE LTI -
! ‘n-“'
g’e LOS | yopguwmesnt h
] \
& 09 | 7
' ‘ K ini K, o .’
| R c:

MEAKN VSRS AT AfE
Bl 1 KENIEMREBIZE

Fig. 1 Crop coefficient curve of rice

1.3 BREKETE

AR K B SR A B K B v S Bl A R B
g5, BOMVER AR A R R, B 55 T B K
KGR 2R AR)ZB I . AR R ER
i EB R R HERE Y A AU K i O
TERZ A KTk P AR 2 AR iz 1),
HARMEC T 2225 R h 15 2 5 ERY . 1155
N

(P4.17-0.2P)
T 417
P,=417+01P P =83mm/d (5)

s Pe HARR/K &, mm/d; P A SR 7K 4, mm/d.

14 #HEFTAEIHTE
IR G ST AR AR DX 20 3 S B e /K 2 1

BEK, MOMPEAAR X 3R 43Pk h i . 240K a5 B

WK B 22 LUFR R ik e 0 522, kg A Ak 42 o 4 4 R

gy, T BRI BUR S, LIBT 1k it 23R AEAR

AR ke s A el RO E AR DR, ok R TE

VEYIRRL 2 AR AT (BOVEE R SR AR ), H A s 0

ERFEWRE RIVED O] AR K AR B | % S HE IS R R

KA
D,, = (KxD,xEC,)/EC (6)

A D MR MUET K, mm; Db 2 R AY

R, mm; KRR, AHLEHEN 045,

Yikr +39 4 0.30, LRI -HE8 0.10; ECer Mk R 5+

BRI, dS/m; ECe it R H 3R Y

SEHEREE, dS/m.

IKFERR R oA, Hih 2y 80% ~ 90% YR %
SPATERIZE 0~ 20 cm HE R+ BEHRE AT
AR, SRR RE N 05 m, MRJF ISR
r K FE AT SR BE A o, AR & T R A D+
K BUH 0.30, ARG T 24 & 1A [F3h B 30t 1=
FEOKFERT, s ik Rk K i, Wisk 2 s, R
Pt 2 [ 6 + 5056 % A VE D I Eh R T RHZS AR5 X
KA R B(E R 3 dS/m, fifi FH 2 504 5 R %k 064191,
P As e o & o 1.92 g/kg. HIt, ASCHgER
TR AR T 1.92 g/kg By, dEERET L
FRIR R SRR T 1.92 g/kg A 3

#®2 RETTERELTEYNRMKETKE

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

P <8.3mm/d (4)

MR ATE R BRJEEEE MREE AR KR
(g/kg) (g/kg) (m) (mm)
3 1.92 05 2343
4 1.92 05 3125
5 1.92 05 390.6
6 1.92 05 468.8

T TR X R VD X, KA ] E S22k 4%
() ZOR IR . AHSCHFITTE H, V2 HH g 28 B4 =
ik 100 ~ 200 kg AYFRTTRERY, HhAh, HEREdL 2325 + 1
Wk K mER . Wik, PR RS, hR%E
PEAT YRR R4 - HEER B L FEAR T 38 —ER 4 7 1
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D, EC,
Fi:E_Cd (7)
K LR WP 8 Do R HEH K B (IR EFRR),
mm; Di A#EM/KE, mm; EC AHEB/KAHE SR,
dS/m; ECq Ay 3 izt FE AR IX RS S HE K (14 L 5%, dS/m,

- BRI AR 0 B v R VR e R RV 1 T
R EC AP E . 7 HIMMEME S, ECy 5 ECe
FEX @) RIIXR:

EC, =5EC, —EC; (8)

ARG X N HEWE K (T2 38 258 3 dS/m,
T LTS S A E AR XS R HE K B L % ECy N
12 dS/m, Mk LR 2 0.25,
1.5 SEBREKETE

YEYI T 7K A I —50 43 1T Bk A4 | K fiE 25
AR R 53 5 E AN 5T, VR AR o 7 rh T AR
THE KD 7T B K F N VR B VTR R T K (200 R
Yy T K B T A E BN EY K 5 A AL
R K it =2 25 o AR AR AR (R 1 I 75 /K St 3 N 1%
AR AERFR R T KR, AT

ET,
__Ele 9
1-LR ©

IR=D-P, (10)

K D oA E MR KRN EY KR, mm;
ETe MIEYIT KR, mm; LR HHKEES% IR MIEY)
HEIE T K, mm; Pe AR AE B IR AR K
mm,
1.6 KHOBSIEETE

VEVIK 3 B 5 A B Al A 77 W T %) FE 2248 A
ERIE AT BN T HEAK MG T b B ROl A 3L
FioK 5 [F]— i B R K i 2 22 S VR T K B 1 L
H, R TYEIIE S & H LA K i asken,
AR K INTFAEY T K SR, Ui B AR K R AN
2, AR EEIK . HHEALT
P, —ET,
" ET,

c

s 1 7RG SRR AT B AT 150 3%

| (11)

WK B4, 1<0 FIKS k.
2 HBREHW

21 HEBREKE

7 3 4 1998—2020 AERFFYIX AN JEIHE BE e h ik
TR KRS 24 5 25 T R 5 /K &, G TE 75 /K 2
(ETo). ARLBEAKEE(Pe) . A& R PETR K i AE N EY)

KL (D) Eht 451 T I TR K i (IR) LA AR
AT R RE TR K (IR +).

132 3 TN, byt 25 K RRAEE I TR K 24
SERIE A 660.5 mm, Hid 2020 4EF (K, M 478.4 mm,
2013 Ffieiy, M 848.3 mm; AR+ A&MF T EZETF
Yl 446.3 mm, [lkE 2020 4E5 K, & 301.0 mm,
2013 4FEHR 1, M 594.7 mm. TEANT EHEWE I Eh it FE
(T, 35 A R K R A S 24 v 75 /K i
Rt 1 m 214.2 mm, IR 50%. AEERE 1 AER
Bt H KRS Z AR EE T K IO E , s . BRAIR
B BUAR 2, fil4n. 1999, 2002, 2003, 2004, 2012,
2013 i1 2020 4F, HEM T K &5 2 FHEMHZEY
#it 100 mm; 7E 1998—2000 4. 2002—2004 4F .
2010—2012 4EH1 2013—2014 4FZEFHAR ARy, AEPR2E
{2 #id 200 mm.

#3 KA 19982020 FEKFHEERFKE mm)
Table 3  Net irrigation water requirement for rice in Dongtai from
1998 to 2020(mm)

a0 ET. Pe D IR IR
1998 671.9 199.1 895.9 696.8 472.8
1999 589.2 2455 785.6 540.1 3437
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 4315
2008 598.7 194.0 798.3 604.3 404.7
2009 613.6 189.1 818.1 629.0 4245
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 618.2 239.7 824.3 584.6 3785
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 7245 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 EBEREZFGTHEBREKSE
TETEIEER T LI B, ZHZ LR P,
e BA R S R DR s AT R AT R A T R R
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Fidh, PUE RS PR R A K R ER IR, PRI HIE #
A o TETE AL R S AE R PR e K (BT
ZR H () K 4D R OB R, 1998—2020 4FAR G
NIRRT AR B2 B K e TR 5 /K i AN 3 4 P
T4 ERERFETIREEHBHKISEREKE
(mm)

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

ARy g =4] R T R AT MR
9y 39lkg  #sr4glkg  EhSr5glkg  EhI) 6 glkg

1998 931.1 1009.3 1087.4 1165.6
1999 774.4 852.6 930.7 1008.9
2000 938.1 1016.3 1094.4 1172.6
2001 947.7 1025.9 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 1265.2
2005 870.1 948.3 1026.4 1104.6
2006 926.5 1004.7 1082.8 1161.0
2007 878.0 956.2 1034.3 11125
2008 838.6 916.8 994.9 1073.1
2009 863.3 941.5 1019.6 1097.8
2010 988.0 1066.2 1144.3 12225
2011 755.9 834.1 912.2 990.4

2012 1045.4 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 1060.3 1138.5
2018 958.8 1037.0 11151 1193.3
2019 906.9 985.1 1063.2 1141.4
2020 712.7 790.9 869.0 947.2

R 4 AIAL, 7675 TR R 00 I e o
J& , ANTRPI AR ER 25 T B K R E R 75 /K A7 7
250, HEERA TR KT ik 3, & 4551 A,
T 3 AR K R O R VT AR, RIS ek R e
Je (R JCER 53 A [ B0 A I 5 K 22 B K R R
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o L FE K B N2 80 mm(3 2). LA+ 35 Eh i 6 g/kg
) B, R ) K R KA R
1317.1 mm(3& 4, 2013 4F), {HH R 58 W5 e/ N
WETE 7K A 301.0 mm(3E 3, 2020 4F), fiiJE 22 {H L
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FEECE W 02 0.1, (IARRTR =, J&8 T = FEKVEY o
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VPO =N NLLO LI O=0lNTFTN OO
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[5) K Y=o laleRolo o NNl oo NN ol oo N No R o R
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01 o Jeihii+ E
02}
03}
B a4}
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# 05} .
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2 1998—2020 FKFEK DT HRIEH
Fig. 2 Water deficit index of rice from 1998 to 2020
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