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INTRODUCTION




induced by men, is mainly
due to an

in relation to each particular combination of

climate, soil, crop, fertilization practices, groundwater depth
and salinity, quality of irrigation water, and irrigation system.













It is more convenient to preestablish, using
predictive indices and models,

for each combination of climate,
soil and available irrigation water

This is even more necessary when:

. it is required to reduce the volume of

effluents of salinized or contaminated drainage
water




QUALITY OF
IRRIGATION WATER




The quality of irrigation water is a relative
term, and it is defined as the water
characteristics determining its possibilities
of being used for some specific purposes

In irrigation waters, the characteristics
generally considered are the presence and
content of:

‘PHYSICAL contaminants: Sediments
and temperature




The qualification of irrigation waters
would be determined by their potential
to cause problems, more or less
reversible, leading to:




in relation to potential
problems of soil salinization and sodification is
mainly based in the absolute and relative content
of salts and certain ions

(HCO3-, Cl-, SO4=, NO3-, Ca++, Mg++, Na+, K+).

These contents are interpreted in relation to
potential problems of salinity (limitations in the
use of the soil water by plants), and of sodicity

(deterioration of the soil physical properties) in

relation to particular conditions of:




In the last decades there have been
developed several systems for
qualifying irrigation waters in relation to

potential problems of salinization and
sodification, including:




Among the general schemes the most known is the
one proposed by the USSL-USDA (1954), which was
developed for the predominant conditions in the SW
of USA.
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SODIUM- ADSORPTION-RATIO (SAR)




BALANCES AND
REACTIONS OF SALTS

IN SOIL SOLUTION
(SOIL WATER)




The accumulation of salts in the soil occurs when
the input of them with the irrigation water, required
to replace the water losses by evaporation and
transpiration, exceeds the losses by precipitation,
leaching and internal drainage

Salt precipitation and disolution
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Composition of salts in the
applied irrigation water

Possibilities of the different
salts to reach determinate
concentrations before they
precipitate in the soil




Solid phase

CaCO,, CaSO, - 2H,0, Na,S0,, NaCl, KCl,
Na,CO,, MgSO, - 7H,0, MgCl, - 6H,0,
Na,SO, - 10 H,0, Na,Mg(S0O,), - 5H,0,

CaMg(CO0,),, CaS0O,, NaHCO,

Gas phase

€O, N,,N,0,0,

Solution phase
Na*, Ca*, Mg*, K-,
Crl, SO,*, HCO,,
CO,*, NO,, H*, OH

RN

Exchange phase

CaSO,°, MgSO0,?, NaSO,, KSO,
CaHCO_*, CaCO,?, MgHCO,*
NaCO,, KCO,, NaHCO,?, KHCO,®




In the soil salinisation process, the changes
that my happen in the composition of the soil
solution derived of the precipitation of some
salts of limited solubility, like bicarbonates
(carbonates) of Ca and Mg, and Ca sulfates,
are very important.

Conditions leading to such precipitation,
like

(HCO3-/(Ca++ + Mg++)>1

would contribute to a relative
enrichment of Na in the soil solution and
at the same time in the exchange
complex, and to a decrease in total
salinity in the soil solution
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Conditions
IRRIGATION WATER
Concentration: (High) (Medium) (Low)

EC: >2dS/m  1-2dS/m <1dS/m

Composition: C>$>B  $>=CPB B>=5>Cl
Na>=CA CA>Na CA>=Na

DRAINAGE (Variable) (Very restricted)
- Soil Perm.(I): 1-50 mm/hour < | mm/hour

B>S>Cl (B>CA)
Na>=CA

(Restricted)
< 5 mm/hour
<l0m -

Groundwat.depth:# <lSm <05m

CLIMATE (Ar-DSAr)  (Ar-DSAr) (DSAr-SH)
IMA (P/ETP): <05 <0.5 0.5-1.0

(Ar.-HSAr)
<08
< 180 davs

LGP (P>(ETP/2)): <120 days <120 davs  120-270 days

Resulting problem
SOIL SOLUTION (Very saling) (Mod.saline) (Sligh.saline)
Concentration (EC): >8 dS/m >4dS/m _<4dSm
Composition: C>>$>>B CP=S>>B S>CP>B  (*)S>=B>Cl
Na>CA Na>=CA  Na>CA Na>>CA
(A) (B) © (D)

oH <85 <85 >17.5

PRECIPIT. SALTS: CAC + CaS - CAC+Ca$ CAC

POTENTIAL KIND

(Var.salin,)
>2 dS/m
B>=5>(l
Na>>CA

(E)

>8.35

CAC

OF PROBLEM: “SALINITY” “SODICITY”

(*) Change of composition under anaerobic conditions (2Na'+80,7+2C+2H,0 = §™+2NaHCO0;)




Condiciones

AGUA DE RIEGO

Concentracion: (Alta)  (Mediana) (Baja)
CE. >2dS/m 1-2dS/m < 1dS/m

Composicion: C>S>B  S2CI>B B=S>(] B>S>Cl (B>CA)
Na>CA  CA>Na CA>Na Na>CA

DRENAJE (Variable) (Muy restringido) (Restringido)
Perm. Suelo (I): |-50 mm/hora < | mm/hora < 5 mm/hora
Prof. Freatica (#); <15m <05m <].0m .

CLIMA (Ar. - SAr. §) (Ar.-SAr.S) (SArS-SH) (Ar-SArH)
IDA (P/ETP): <05 <05 0.5-1 <0,8
LPC (P>(ETP/2)): < 120 dias <120 dias 120-270 dias < 180 dias

Problema resultante

SOLUCION DEL

SUELO (ES) (Muy salina) (Med salina) (Lig salina) (Var.salin. )
Concentracion(CE):___>8 dS/m >4dS/im = _<4dS/m >2dS/m .

Composicion: Cl>>§>>B CI=S>>B S>CI>B  (*)S>B>Cl B>S>(]
Na>CA Na>CA Na>CA Na>>CA Na>>CA .

pH: <85 <85 >175
SALES PRECTP:  CAC + Ca$ CAC+CiS  CAC

PROBLEMA
POTENCIAL: “SALINIDAD" “SODICIDAD”

(#) Nivel fredtico permanente o presencia de estratos que mmpidan o restnmjan ¢l drenaje interno
(*) Cambio de composicion bajo condiciones anagrobigas (2Na + 50, + 2 + 2H:0 =5+ INaHCO;)




LEACHING
REQUIREMENTS




The plants do not take salts in the same
proportion as they absorb soil water, and the
losses of water by evaporation and
transpiration leave the salts in solution behind

This can be achieved applying an excess of

irrigation water above the plant water
requirements.

In any case, the amount of excess water to
apply will depend on the content and kind of
salts present in the irrigation water, on the
original content of salts in the soil solution, on
the climate, and on the crops.




Ceai 1%

AL LA,

HR = (HET - Hp) * HD Hg CR = HD CD (CET =0: Cp ~ 0)
Ho/Hr = Cr/Cp = L ColCes =F (< 1)
Cop=CesxF Cr/(Ces x F) =1L

LF = CRICES

Salts that can precipitate : : CaCO3;, MgCO3, CaSO0,
Salts that can disolve - 8 u

If precipitation of Ca and Mg carbonates and of Ca sulfate :

LFst = (Na + Mg + C‘ECI)}'(STES - 40)

LFna = [(RASes? x (Mg + CaCl)®) + (320 Na®)] _ (Mg + CaCl)
80 RASEs 80

(Ca+Mg) Cp, =B-10LF CaSp, =CaS-30LF




HR

CR

CD

The calculation of L has been changing through the
years

and its use has been extended to the control of soil
sodicity. L, integrating in a unique figure the present
and required balances of water, salts and sodium in
the soil, may be used as a basis for the predictive
indices and models for salinity and sodicity in
irrigated soils




Calculation of the leaching requirements and of the
concentration and composition of salts in the
resulting soil solution (Pla, 1997)

C,/ Cee=F (1)

LF=Cg / C¢




e Cations and anions
(meq / liter) :

Cat** (Ca), Mg** (Mg), Na* (Na),
CO;= + HCO; (B), SO,~ (S), CI- (Cl)

 Salts in irrigation water:

NaB=B -Ca-Mg si NaB >0;
MgB =B - Ca -NaB si MgB >0;

CaCl=Ca-B-S si CaCl >20;
CaS=Ca-B-CaCl si CaS >0

Critical levels (STES),
(CIES), (NaES)

(ES)

When the calculations show the possibility of
precipitation of Ca carbonates and sulfates in
the soil, the critical levels of STES may be
increased by 20 meq/I.













Tolerance of different crops to total salinity
(and to chlorides) in the soil saturation extract
(STES and CIES)

Cartamo

Sorgo

Datil
Remolacha azucarera Olivo
Pasto Bermuda Higuera
Trigo

MODERATELY TOLERANT CROPS . (ST.<: 40-80

Alfalfa

Cafa de azlcar
Maiz

Arroz

Patata

Vifia

MODERATELY SENSIBLE CROPS  (ST.<: 20-40

Col
Cacahuete
Zanahoria (Cl <10 meqg/l)

SENSIBLE CROPS (max. STes: <20 megq/l)

Peral
Aguacate (Cl <12 meg/l)
Melocotonero

Judia (Cl <10 meqg/l) Berenjena

Manzano Fresal (Cl <10 meqg/l)




Crop salt tolerance

Relative yield
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Critical values of “Sodium Adsorption Ratio”
(SARES = NaES / ((CaES + MgES)/2)1/2))

in the saturation extract (ES) of the soil, for different
soils and concurrent levels of STES.







EFECTOS DEL SODIO (RAS) Y SALES TOTALESEN LA
SOLUCION DEL SUELO SOBRE LA CONDUCTIVIDAD
HIDRAULICA SATURADA (K)

DISPERSION

Menor K Menor K HINCHAMIENTO

K estable
K estable

10 20 30
SALES TOTALES (meg/l)

Lluvia Lluvia

.

x ‘Q
Poro 4 Poro
Poro

K estable Menor K Menor K

NIRPFR]IAN SWELLING
(Clogging of pores) (Blocking of pores)

(Irrevers'ibrler) " ('Reversible)




EFFECTS OF 50DIUM (5AR) ANDTOTAL SALTS IN SOIL
SOLUTION ON THE SATURATED HYDEAULIC
COMDUCTIVITY (K} OF THE 5011,
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- Amounts of monthly, daily...

for each climate, crop, variety,
development period of the crop... in mm

(F=STD/STES: F = NaD /NaES)

(D: drainage water)

for each soil and irrigation method

-Effective depth (R) in mm
-Bulk density (DA) in g/cc
-Field Capacity (CC) in g/cc

-Infiltration







Ifin the irrigation water 3 < (Ca + V) (@)

LHST) =(Na+Ca+Mg)/ (STks)
LF(Cl)= O /Cles
LF(Na) = (2N&") / (RASE" x (Ca+ Mg))

LF@) =LHST) si LHST)>LHd) y LHST)>LHNa)
LF@=LHd) si LHC)>LHST) y LHCIl)>LHNa)
LF@ =LHNa) si LHNa)>LH(ST)y LHNa)> LH{)

Nas =Na/lLFHa) Cas=Ca/lLlHa) Mgs=Mg/LLHa) Cls=C/LHa)
(Ca+Mg)Cd=10LHa) -B CaSd=30 LF@a) - CaS

If: 10LF@) <B y 30LF@&)>CaS (9))

LF(ST)=(Na+ Ca + Mg - B) / (STgs - 10)

LF(CIl)=Cl / Clgs

LF(Na) = (( RASEs? x (Ca+ Mg - BY) + (80 Na?))? _ (Ca+ Mg - B)
20 RASss 20

LF(b)=LHST) si LHST)>LHKNa) y LKST)>LF(CI)
LF(b)=LHCIl) si LFCH>LFST) y LFCIl)>LHNa)
LF(b)=LFNa) si LHNa)>LHST) y LKNa)>LFCl)

Nags =Na/LF({b) Cags=10(Ca+Mg-MgB) + (CaS + CaCl)
(Ca+Mog) LH(b)

Mges = 10 + (Ca + Mg - B) - Cags Cls =Cl / LF(b)
LF(b)
(Ca+Mg)Cp=B - 10 LF(b) CaSd = 30 LF(b) - CaS




If: ILF(@)<B y 30LF(a)<CaS ©)

LF(ST) = (Na+ Mg + CaCl) / (ST - 40)

LF(Cl)= Cl / Clgs

LF(Na) = (RASgs? x (Mg + CaCl)?) + (320 Na?))V2 (Mg + CaCl)
80 RASEs 80

LF(C)=LHST) si LFST) >LHCl) y LFST)>LKNa)
LFC)=LKCl) si LHCH>LHST) y LKCI)>LHKNa)
LF(c)=LFNa) si LFNa)>LHST) y LFKNa)>LHCI)

Nass =Na/LF(c) Cags=40+(CaCl/LHc) Mges=Mg/LHKCc)
Cles =Cl/LKZc)
(Ca+Mg)Cp=B-10 LFc) CaSp=CaS - 30 LK)

If: OLFa>B y 30LFa<cCaS ()

LF(ST)=(Na+ Ca +Mg-CaS)/ (STgs - 30)

LF(CI) = Cl / Clgs

LF(Na) = (RASEs” x (Ca + Mg - CaS)?) + (240 Na?))*?  (Ca + Mg - CaS)
60 RASks 60

LF(d)=LFST) si LFST)>LFCI) y LFKST)>LFNa)
LF(d)=LFCI) si LF(CI)>LFST) y LF(CIl)>LFNa)
LF(d)= LF(Na) si LFNa)>LFST) y LFNa)> LF(CI)

Nags =Na/LF(d) Cag=30+((Ca-CaS)/LFd) Mgs =Mg/LF(d)
Cles = Cl / LF(d)
(Ca+Mg)Cd=10 LF(d)-B  CaSp = CaS - 30 LF(d)




If in the irrigation water : B > (Ca + IVU)

LF(ST)=Na/ (STgs - Ca- Mg)
LF(C)=Cl/Clg
LF(Na) = Na/ (RASks x ((Ca + Mg)/2)*?)

LFE)=LHST) si LFST>LHC) y LKST) >LHNa)
LFEe)=LHC) si LHC)>LHST) y LHCI)>LHNa)
LFe)=LHNa) si LFNa)>LHST) y LHKNa)>LHCI)

Nass=Na/lLFe) Cass=Ca Mgss=Mg Cls=Cl/LHe)
NaBs =NaB / LHg)
(Ca+Mg)Cp=(Ca+Mg)x (1-LFe))




REQUIREMENTS OF
IRRIGATION AND

DRAINAGE
MANAGEMENT




sodification
salinization,

Hg = (Hgr - Hp) /(1 - 1)

T (Max.) = (15 x DA x P x CC) / (Hgy - Hy)

Irrigation requirements (HR) and drainage requirements (HD)
in mm/month, mm/day...., in order to satisfy the crop water
requirements and to control at the same time the levels of
salts, chlorides, sodium .... in the soil solution and drainage
waters under the pre selected critical levels

Requirements for the irrigation management (TR /TER) in
order to be able to fill the irrigation and drainage requirements
(HR, HD), derived from the relation between the duration of
irrigation (TR: time in hours or days required for the
infiltration in the soil of the irrigation water) and the maximum
interval in hours or days among irrigations (TER) for each soil
(P, DA, CC and I).




requirements for irrigation and drainage

The final selection of a determinate alternative
will depend on practical, economical and
environmental limitations, such as

availability and cost of the irrigation
water,

soil hydrological properties,
groundwater depth,

natural drainage capacity and
requirements of artificial drainage,
costs of the irrigation system,

limitations in the volume and salinity of

the effluent drainage waters, etc.
















MODEL
SALSODIMAR




“SALSODIMAR”
independent balance of the more
common ions

=the critical levels of salinity and of
toxic elements as chlorides for different

crops and climate

=the critical levels of Na for different

soils and concurrent salinity levels.




R F—— AGUA DISPONIBLE PARA RIEGO
: Concentracién (J ) y composicion de sales e iones

Enmiendas

al agua

de riego

Maximos niveles ( STis, RASgs, Clgs, Nags) permitidos
en la solucion del suelo (Extracto de Saturacién: ES)

sEEEEEEEANNERENE

SALES TOTALES ! Suelo

Cultivos [ (ST];s)
_‘ Cultivos|
ELEMENTOS (STgs) <
Cultivos TOXICOS
(Clgs, Nags)

REQUERIMIENTO NETO DE LAVADO (LF)

]—‘ Suelo <
EFICIENCIA DE

Cultivo | REQUERIMIENTO LAVADO Meétodo
NETO DE RIEGO (F: Jn/ Jes) de riego
Clima (Hgr - Hp)

A

REQUERIMIENTO DE LAVADO (L)
(Mayor valor entre Lgy, Lnu, Lci)

L

wessneees] REQUERIMIENTO REQUERIMIENTO
DE RIEGO (Hg) DE DRENAJE (Hp)
| Sales precipitadas
(p) o disueltas (d)
PROPIEDADES en ¢l suelo (CaC,
HIDROLOGICAS (Ca+Mg)C, CaS)
DEL SUELO REQUERIMIENTOS DE
(Infiltracion) MANEJO DEL RIEGO
(Retencion de agua) Y DEL DRENAJE
(Tr/ Tir)

Concentracion de sales
Suelo Cultivo e iones en las aguas de
(Prof. de raices) drenaje (Jp : Jgs . F)

. —— VRO, USSR, J




FLOW DIAGRAM OF THE SIMULATION MODEL ”SALSODIMAR”

IRRIGATION WATER e

i
Concentration (J ) & composition of salts & ions| ’

Amendments
to irrigation
waters

Mximum levels ( STes, RASgs, Clis, Nags) allowed
in the soil solution (Saturation Extract: SE)

TOTAL SALINITY]

(STES) I

TOXIC
ELEMENTS
(Clgs, Nags)

EFFECTIVE LEACHING REQUIREMENT (LF)

[— Soil
LEACHING
—w CROP WATER EFFICIENCY Irrigation|_

REQUIREMENT

(F: Jp/ Jzs) method
[Climate—  (Her - Hp)

LEACHING REQUIREMENT (L)
(Highest value among Lsy, L, Lot)

IRRIGATION DRAINAGE
REQUIREMENT (Hg) REQUIREMENT (Hp

| Salts precipitated
(p) or disolved (d)
HYDRAULIC in the soil (CaC,
PROPERTIES (Ca+Mg)C, CaS)
OF THE SOIL REQUERIMENTS OF
(Water intake) IRRIGATION
(Water retention) AND DRAINAGE
MANAGEMENT (Tw / Tir)

Concentration of salts
and ions in drainage
waters (Jp : Jus . F)

Crop
(Rooting depth
&

Y

— Potential alternatives (crops, waters. soils ...) for limitations in irrigation, drainage, salts ..




SALSODIMAR
* To preview the conditions under which there
would develop salt affected soils, “saline” or “sodic”,
and their variants







*

To predict the accumulation of certain

elements as Cl-, Na+, Mg++ etc. which may cause some
specific problems




*To determine under which conditions, and at
what levels, there is favored the precipitation or
dissolution in the soil of low solubility salts (Ca and
Mg carbonates, and Ca sulfates)




*Calculate the requirements of irrigation and
drainage waters for controlling the salinity and sodicity
in relation to the requirements of water by the crop under
a determinate climate, and from them to deduce the best

or possible alternatives for the irrigation water
management in each soil.










When the simulation of a given condition leads to:

-Excessive drainage requirements in relation to the
existence, possibilities and capacity of the natural or
artificial internal drainage, and in relation to the
possibilities and limitations derived of the contamination
of surface or subsurface waters that have to be used again

-Technical difficulties in the irrigation water management,
derived of excessive values of calculated irrigation and
drainage requirements, or derived of limitations in the
hydrological soil properties

-Excessive levels and amounts of salts and other toxic
elements in the drainage water which may contaminate
surface or subsurface water to be used for other purposes

the model permits to deduce:

* Alternatives to change or modify (treatments,
amendments) the irrigation water

* Changes in the crops,looking for crops more
tolerant to salts or other toxic elements

*Changes, or use of amendments in the irrigated soils







WASTES IRRIGATION WATER POLLUTANTS

SEDIMENTS J Concentration of salts, ions and toxic elements (C)

\

Maximum allowed levels (Csg) in soil solution
SATURATION EXTRACT (SE)

TOTAL SALTS TOXIC ELEMENTS
Crop (TSsk)

Soil SODIUM TOXIC ELEMENTS
Crop(TSsk) (SARsg) (Heavy metals

OTHER POLLUTANTS
(Nitrates, P

EFFECTIVE LEACHING REQUIREMENT (L)
Maximum value of L. (Model "SALSODIMAR" )

Soil
LEACHING EFFICIENCY M‘:ﬂ?"d

Model "SOMORE™ (F: Cp [ Cse ) Irrigation

s T
\l( REQUIREMENT (LF) ‘

IRRIGATION DRAINAGE Salt precipitated or

REQUIREMENT REQUIREMENT dissolved in the soil

Elements retained or
fixed in the soil and
extracted by plants

SOIL
HYDROLOGICAL
PROPERTIES REQUIREMENTS
(Water intake rate) OF IRRIGATION CONCENTRATION OF

(Water retention) AND DRAINAGE SALTS, IONS AND
MANAGEMENT TOXIC SUBSTANCES IN

DRAINAGE WATERS (Cp)

Scheme 2. Flow diagram of a conceptual model of a balance of salts and toxic
substances in irrigated soils (SAR: Sodium Adsorption Ratio) (Model "SOMORE": Pla,
1997a; Model "SALSODIMAR": Pla, 1997b)






