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Simulation study on the effects of irrigation on soil salt and saline

water exploration

QIAO Yu-Hui, YU Zhen-Rong  (China Agricultural University, College of Agricultural Resource and
Environment, Beijing 100094,China). Acta Ecologica Sinica,2003,23(10) : 2050~ 2056.

Abstract ; Based on the land use analysis model of PS123, the simulation of soil salts effects on crop growth
is integrated in PS123 model considering osmotic stress of the salt effects on water uptake and production.
This salt integrated crop mode! is more suitable to be used in salinity land and water irrigation simulation.
This model is calibrated with field experiments conducted at Hebei Quzhou Experimental Station of China
Agricultural University. But there are still some problems to be solved such as the simulation of soil
evaporation in the early growth stage of winter wheat. The model should be further developed.

With this model, the feasibility and risk of long-term irrigation with saline water can be evaluated and
analyzed. The optimum irrigation scenarios are proposed. The threshold groundwater table of
accumulating salt in soil is about 2. 0~2. 5 meters, the water should be kept under 2 meters to prevent soil
salt accumulation in salinity area. If the water table is exceeded the threshold ground water table,
engineering measurements should be taken to control the water table.

The slight saline water can be used to solve the problems of water shortage. The principle should be

1o irrigate less times and with large amount of saline water of 70~ %0mm each time. Such measurements
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can reduce the salt accumulation in soil and harm for the crops. With the modeling, the results show that
the saline water can be used in the late period of the growth stage, but it cannot be irrigated continuously.
The best way to use the saline water is with the rotation or mixture of fresh water. Before seeding period
of winter wheat or maize, a large amount of fresh water should be irrigated to leach the soil salt in the root
layer to reduce the harm of crop roots.

Key words :soil salt; saline water irrigation; simulation
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HEBFPEARY LMK CA SLERSCEEAM . ARFE— SO BAERALH, ]
HETREANGCEREEEMRACX ZH X R FAKERR M H AKX — i X 3R K ¥
RETEEXRELA MBMRHATREFEERBUMRAARE ZWAKERFLRZBEEBERVATWE
EWFEER. BENAAREFXBIKERREENEENARRE. UAKHIRPEZRAHE KRS —
sz KRR KA RERE Y, — B R R R TS, MUK RSN EY
MEME WA RGEEMRRE AR AKERATEAMAZINRE. 2 XRZEE 18
B EKNERES S LK EE R B BRI KRS IER.

YE 4 KB PS123 @ Drissen Fl KonijnUM4R 4 3 M EA SR, 30347 T AW A8 AR IES" . PS123
HAMENREREFE AR KPBRHTHET HERURIABGERTHRITERTE ., A El
BRER FHE S EYE RN E NG S BME b, O E SR EINE & T3 34 1 B Rs K e
i
1 HHE5H*

1.1 FRpARKRR

KERFAETEREREALEHARRY ARRE I EABTRL , FEESL FHURITE 10. 28/

kg 28 & 0.77 g/kg MM 50 mg/kg.

1.2 HRFk

1.2.1 RBEEH FFEXEA“ELR"HXREALUKGERTATEL/PELM . CE.BRHANE, 1997 2
2000 4£ XN A& /N E BRI 8 580 5718 09 M [ BTN R E PS123 fE A B R 7 7 1998~ 1999
EMRRBRERBPIMAMBEK, HRES S EHNLRAES, KARPHEE.GELXENWREFFHEEFEL
MEERFELFEE. ARBHEE L

B1 19981999 B/ FAKFABEK (mm) TR

Table 1 Water treatment experiment scenario of winter wheat in 1998~ 1999 (irrigation amount: mm)

478 Trearment 1008-11-6  1998-12-7  1999-03-13  1999-04-8  1999-05-5 MK S X Total
MK F R Sufficient fresh water 42 3 /fresh 42 3 /fresh 69 ¥ /fresh 83 #%/fresh 55 ¥ /fresh 291 ¥ /fresh

KT Sufficient saline water 0 83 1k /iresh 0 83 #& /fresh 0 166 # /fresh

B4 B /fresh
207 B /saline

XM K Key fresh water 42 3 /fresh 42 i /fresh 69 gk /saline 83 g /saline 55 H /saline

1.2.2 WROAE HADFELKNIER LR AKSMESH#ITTRY, LRKSE 7d WM 1 K H
Al RAMEMN. HEFYEIAFFNNE L RKL.BRA 20cm,40cm, 60cm, 80cm 100cm ,120c,
160cm . 200cm, F} TDR ME + BEREAKH(0~30cm), L HEAEH 4d R—KEREEE, B SR
MERDFR MBEAL L NBE MRREZEZLBRTEH LS AL BREMESE, RREMBELE
B %% 20cm.40cm. 60cm.80cm, 100cm ., 140cm , 180cm.,
1.3 +REFSKLHAEE

TS EREBHERAETIREAEYERNBEERE. Y12 RELPS5RAKTRIFN EHEHZ
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AAkSMESFHE MK ERH ERERREDHENE. £EPERKIBRP HTHREREBM
BRLMAAHAE GRS LEBAR GHEYEZIARINEENAREFES, LRKFR D ER LK
BHEBREHOPIEE ERIMSHKBNHAKEE ATHHAYW K RE, HkiiE L ABI{/ LR
Hhay LLEBREF AU LA LK E 0 REE 0 W AR AT 68 Y% KR R EROK 2R
FEA .
SaEHERKERBRENECIERERZERE. THRESEENR . BET LRPRHBES,
RSB EEIN L NPIBEKEE, XA TAL. LR TR mEN KT BECEE
RO E SRR A ER(CFWATER) RB I - KRS EWE KA E R, HBR ] X E
WERNESBAZRIOESHITERA.
BELARSFERERSENLEE S TAARE REARELEER:

sollSALT=saltSURFACE +saliDEEP +saitIRRIG —saltPERCEDH-saltRISEN (1>

saltSURFACE R T WP IR saltRISEN A EE FAMH AW L&

soilSALT YRR LB saltPERCED ik B

saltDEEP M R & K T 6y LW S #h & salt IRRIG o8 S it &

Wi,
saltPERCED = D X DT X (EC(day}/1.464) X 100 (2)
saltRISEN = CR X DT X (ECw/1.464) X 100 (3)
saltIRRIG = IE X DT X (ECi/1.464) X 100 (4)
saltSURFFACE = (SMPSI/BD) X (oldRD x EC(day))/1. 464 X 100 (5)
saltDEEP = (SMPSI/BD) X (RD-oldRD)} X (EC(day-1)/1.464) X 100 (6)

H ECday) REM YK T HIE R XL & (ms/cm); DT RMBEER W ;D RARETHRIB T KA
BREECM/A)ICR AP EE L F B ECw BT KBS B (ms/em), JE B MK ERE (cm/d);
ECi REBAK S E (ms/cm);SMPSI B B KB (cm*/em®)BD R MAHE (g/c’); RD AERK
W,

+ A ih B/ (EC )81 K . EC(day) = (soilSALT/((SMPSI/BD)Y X RDX100)) X 1. 464 (7)

HEEFATEIHEBRARX O BHAEFEFNERKRHFA LR, LT RE L HEE
BRHWE. SEHRAEBRHTERKNBRFEENER A KSRREESNBEL KT HEA TR
W K [R] B b R AT A

BB+ METREFAE R W, MM T 1B . MR UE(ay)+SS/D)>IM; [

saltIRRIG=(IM—SS/DT)X DT X ECi/1. 464 X 100 (8)

EMBRAWRARP IM ALHEABER(CM/A):SS REFBFERKE(em),

EAGEBTEENHRET HPAKBLBSREX L NHF WP EESH K, Thorne & Peterson 51 T
WM AR A BRI (DELFPRNT C) 5@ & # (KK E)OP Z A g X £,

OP = 12. 06 X DELPRNT — 0. 21 X DELFRPNT? (9)
EYBASFRIR AN T AR NaCl Na,SONMESEEC)ERKEBERLE .
EC = 28. 26 X DELFRPNT — 2. 33 X DELFRPNT? (13
A FHAAR.EC 50P ZEIMEEN,
OF = 463 X EC (11)
MERECUAs/m)GZHERB COg/LHZEXFENR:
EC = 1.464 X C0 (12)

1.4 HAIXEYEYRETH LR
EMERKSBRE T BAKERAETEXL FAFESLBEI R BOEERE - ERW AR BRILK
EEERFEXBAXREEAGTRET BUARAEBEAAPTSED~REMHEXR, RELRLLE
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EAKFEIEA T ARPRE AT 30a (iRRPOR 61 MEMMTRALERER AR M d T LRILTN
HERRTHR PR SEDREREN BRI R ER, BRRIEYES W HEER RS
BHHE RSN RRTAL M BENENTERAS. ARIERLRERTFL B BESEYTR
BHELRE . TUBTHMARER: Y = 100 X (EC, — ECeY/(EC, — EC o) (13
Y R RN BB (%) EC, PR Y 0 BFHEYH B (ms/em); EC o A MEY =B W B &R G40
W R B (ms/cm); ECe tF1 + 3 HK B FHF (ms/cm).

RIERRERAN TARAEY . SR . MEEY. SAHEBEY R X MR A >~ R EOEL
B NP A SR A SIS ECoM EC, E . A RMUANEEXRE N TAEERH ECiv B 6. Sms/em,
EC, Bl 22ms/cm,

RS = RENE LB YOS M HRXRATUAHTATEEREAR:

O 0 < ECe & EC g
Y = {IOO(ECO — ECe) /(EC, — EC ) EC,o < ECe < EC, (14)
100 EC, < ECe

KERIE R R A RS KW B R A IS (A O 48 A 7 0 - Sk 4 0 e 4
B, % RAE R E TR B8 AN M MR - S EN ERA B D NN e
BiPHE LUIHAIULB<ECH MNEPAZELIE@ . ATLUAEBETRERM S ECuw<EC<EC,
i, £ AR 4 B AW L R TR A R BK M T WA 4 K L T 2 EC (8> EC, B
FeMFET XA EC, R IEAE IR a0 R 7 0 B R
2 MBHRIE

XM IER RS AUEDENUIT I g
1998~1999 S ¢ EAR W A E WAL d A ik sk ey g B 030P%;
RBRAFTFRE, BLERENELERSLNAST B8 000 6
B4 B B A TN S B R TR glosf B mned

MABE 1.2 o AT B0 s K S O 5 S *gﬂjﬁ
AR ERBNELBHR B ERFRK BT T S s 0502 0621
WA R ER EARBR TR ERE RSy B 94 Date
. ML 55 0 B 9 B 49T KR L S Bk 4
ROV K 5 2 AL T B9 £ MK S ME () S XM (O
FERIH B4R :v=1.3747r — 0. 0751, R* =
0.8453 (XMW K> y=1.2561x — 0.0750, R* =

0.9182 (RAFR): » HLNM.y HHEHME, 0.35

}

Bl LKA GEKIERE,1999)

Fig. 1 Dynamic simulation of scil water (full irrigation

1999)

MNERFAATBEXRBERET RUESEME G 030Posgg I
EAHYA HXEE ARAAEATRNE 5wy 2] oo
EARRTHMEABRRAR STRRETERE  SL o015t o poaca
REABNETE—ERE ABHIRYXEHNE F§010F — B8 Simolued
TRAAEEIERRE T MANRR AR BH g"*"“

BHF R EEEH I KT MDZEERKER 1014120 mg;gz’t‘::’ 0502 96-21
R LMARE BN R R SRR

A 3.0 4R 1998~1999 KB K KR M2 KB CEBIEK.1999)
AP SRE KA - KL E+ AR SEBNAE S Fig. 2 Dynamic simulation of soil water (key
WEZ B, ARG RE SRESTRARAR rrigation, 1999
HUE NELBEEE, TBRBILBES LEFEN NG RSEEERKTHER TERE, X768
54K RER TENAE X, RREG, A PS123 A IR 5l SBEIRE TRFHHER.
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3 WEKKMERTITHERNRYES W

[ o %3 Actul
H BRI BOK TG FFRFARBAKBK g ([ — Bl Simulased
BRNERE KMRKRRAR - ENRELEL. X 3 5 o
SR AR PS123 HI BRI R 0 BOURUK K 35 B AT 47 E;;" o6 9
e B U 4 4T 434 % 50
3.1 T KSR Bk v R 4 0 B Hi | | | |
MR BT KEREEE FAREERERS + 11-13 0102 Et;—;; 04-12 0601

AR BRI T KAANTF 2.5m 2+ 5
BEMIER KN E T KUERFEAHT BT LK @3 T E AR (RKTER 1999
AERERMTFTANEAE LI AEA . FHBERBL, Fig-3 Dynamic simulation of soil salt(full irrigation,
BRI T KT EERRBRE BT K EE 1999

M., AR TEIEDBETHES Sms/om A

8
WAKKBET FARAMTAGEIRARYS LRBHRESY 7
Yo B ST RS (R D ERT AT HE  §
(1. 27ms/cm) MW T BT ARRAF 100emt O 4
WEeMMAE AMFEL RS HmM 6%t ¥ 30 o ZMActal
pid 2k ~— B Simulated
100em L FRET ARG A MBS HEBER . EEH5R P gl
ML, {H7E % HH T K. 50ms/cm) &4 F T K 0 . l . L
11-13 01-02 02-21 04-12 06-01

{ii/hF 200cm B 8 + 33k 5r e hn 1806 ~ 3224, Ak H % Date

FEHE A 250cm AT M F oK & 4T - 0 LR

WAR /D, 1 Rk oy AR B8 [P 46 Bt T K . I o o B M4 RS BRI R . 1999)
PETUEBH T BEENER BT KR 2.0~ Fig 4 Dynamic simulation of soil salt (full saline
2. 5m o 7E £h WAL M0 X B 7 # B 3 F K fi4E 2m B4R, water rmigation, 1999)

MEEABREEARAE, MEEBIRERENF S IEREREXTHK R ERE T RA, SECANHR
FEEP T RIE,

22 AEAMTAREFKENLRRNE (ECe sms/co) g W
Table 2 The effect of different groundwater table and quality on soil salt accumulation

1 F 7K {7 (cm)Ground water table 50 75 100 150 20¢ 250 300

£ [ # T 7K (5. 50ms/cm)Saline water 3. 94 3. 95 3. 89 3. 54 2. 98 2.93 2,93
B E T AL 27ms/cm ) Fresh water 3. 18 3.18 3.17 3.08 2.94 2.93 2.93

3.2 EMXBEEREYNTRELHERE
PR AEEEEERKEANERESSE 0+ NSRBI L8 E A R
FAEHERE SHEBEN IHASE -EHEER.MTEEREERA“GEEAY. FXHHEX
GRS HEAT TR P 1998 ~1999 EXREH . LMATIE Ece 2 3. Oms/cm, F A FER Y 400cm
Tk AL # T K7 400cm MK B F KB K 5. 5ms/em, 35— BB H 240cm. 3E5 2.3.4.6.8 KHEHK,
B LW Ece AN 3.
MEIPITUFHAELREKBREBRIAG T, —KEREBR K, L RB A BUEL S5, 107 85 € 8/ M
KKEEHEBREBRLR A HEEEKRRBEU~S )M, L HE 4 REM N, X ETEL/PF 60mm
WD EFERAEFE LML IREBESN BREARRZED Ece TUAR  HHAEHRR KN ETRT
EEMERGPNEHERERHE 70~90mm 2 XHEERTFEYREEE R LR,
3.3 BEAKEZLEHEERY ML AOEN
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Table 3 The effect of different irrigation senario on soil salt accumulation

7 B Yk ¥ Irrigation times 3 H K (d/mm)rrigation senarion ECe (ms/cm)
2 170/120  200/120 4. 27
3 170/70 190/70 210/100 4. 31
3 170/80 190/80 210/80 4. 48
4 170/60 185/60 200/60 215/60 4. 63
6 170/40 180/40 150/40 200/40 210/40 220/4¢ 4. 67
8 170/30 177/30 184/30 191/3% 198/30 215/30 4. 65

R AT 1994~1998 E 5 MPIEAKELHH X4 BBASFRAREHFTLHRBKR (ms/cm)
EBKASBRKEEEZREBRAE T L RHALIE s, Table 4 Soil salt accumulation under the situation of
1994 4£ + B B Ece3. Oms/cm(1m® 1K), 845 # K several — year irrigation with slight saline water(ms/cm)
B0 240mm. 3 3RER EXLTTHEEYD T HBREH Year 1594 1995 1996 1997 1998
KABR G —EMBL N OMIGER F—FRE L MBUKE®  EC 9.6 13.6 152 187 20.1
MR, NERISRTUEFE T IRRFERE Saline water ECe 4.44 £.0% 7.72 9.31 10,93
B0 L MRERRA DR, RRARAMR £y SRR BC 9.0 0.2 0.3 L1 12

Fresh water ECe 3.16 3.41 3.78 4.15 4.38
K REAE I, K B L 3 9 I W R A LA
EHESTHREMASHBBERR . W05 T UK M B 5L 10 A28 B — 55 J5 A 5 BUIE 18] 9 e 48
PR AR, WL MBRREENNR . 50 6 2 RBBOREE 20 lms/om  WH A B L MABFBKRE
ms/cm HROFHBELNFEK HMULRER EERAKE 2 FUE LM FILBIPED] 13. 6ms/
cm, N SEFRBEFRAET MY . WEBRIG R LA EE KR 240mm, 7 3 KEERET  AREE
FEEHH 22, FNHREMEHER.
4 HigRitie

(DFEXELHF RS ER PS123 f9ERE E, UL IREE 4 W £ 3K 35 A T w38 4 B K 53 iR iR
RS B O SR ERKERE S BRI R R ENES T 38 1 0 B K
AR .

(2)iE F MR R PR BT T IRIE B R . BRI+ RERIBHRUL R H— L RE.

(3) AT B th AT DUE ) SRR B S 3 T KLY 2. 0~2. 5m, ZEEh W4k 3 X b T 7K fir B 2 i
£ 2m LT AR 0 BRER S K 47, RIS R R R M R 5 e T KL

(WDBRRAKBREARALSKEROHEHETEXERAR, SETURPLEFTELRPIHRB BE
XEYIRIE W, |

GBS AT B EFAMEAR T ENEERFENER, AAEEZER, BIFRXARKRKE
MR R, HESBEYE K EE TG E RN EBRN R 5K E SR K 8L L ik
ARG RE WAL NEYRANEE.
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