Soil salinity assessment — from
point to field scales
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Context

* Low irrigation and water use efficiency
e Shallow groundwater table

e Deteriorating drainage network

* Secondary soil salinity requiring leaching
* Inadequate soil salinity monitoring



Soil salinity in irrigated areas

Photos: ZEF/UNESCO Khorezm project




Irrigation (and leaching




Woater flow and losses in a 1000 ha area 2005
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/""'/Assessment and Monitoring of Salt-Affected Soils

0O Soil salinization is one of the most important factors of land
degradation

0 Soil salinity is often quoted factor for remedial actions
(leaching practices, land rehabilitation projects, I&D network
improvement, etc.)

O Subsequently used
as a common
indicator for
various actions

d To assess the i i
effectiveness of irrigation,
drainage, and soil
management practices

O To inventory the extent
of salt-affected soils




Constraints

L Assessment and monitoring is often
poorly addressed

O Conventional measuring techniques
are laborious and compromise
representativity

 Takes long time before analyses and
maps are ready to react (i.e. water
amount for leaching)

».s - : “ 1 < 5 “fr{g
® Ve i e L ) -




Objectives

(J Demonstrate simplified measurements and proxy
instruments to estimate TDS and ECe

d Compare EC meters

(dPresent conversion factors to estimate soil salinity
with different EC methods



Salinity studies area

-
\ \% %
S

[Google Earth

Hab, 41.5374412 lon. 60.68400120eleve 10175 M Feye all ,J.i-i ki




uameputs EC
8 uneTpare |

EC,s [dS m™]

MACLUTABHbIW NOAXOA OLEHKU 3ACONEHUA NOYB
OT TOYEYHbIX 10 OB/IACTHbIX YPOBHEWN
A. AkpamxaHos, SE®-FKOHECKO lNMpoexTt™*

~

Buina

TOYEYHAA OUEHKA
nePob
+ TOUHbIE 3HAYeHMUA
- ManeHbKkuin obovem
+ HECKO/IbKO cnoes
- Gonsbwon pasbpoc
+ OTA@NIbHBLIE UOHBI
- TPYAOEMKUA
+ yHMBepcaneH
- MeAIeHHbIN
- BLICOKAaA CTOMMOCTb

) BLICYLUIMTE

EC, [dS m]

B3BECHUTb

Cyxou
[mr r 100 r nousbi]

CTaToOK

| LAvanekTpu-

Ko3sd. UHpe

YecKan

EC, [dS m™*
OTPaMEHUA KCbl " NOCTOAHHAA £ lds m™]
b
- I
<t [eodu3myeckun
-t Panap
<+ [UnepcneKkTpanbHbii
OnTHUecKuH,
-— -
MynbTUCNEKTPanbHbIA

XO3AUCTBA/OBNACTL

- OTHOCUTENbHbIE 3HAYeHUA

+ CNAOLWHOE NOKPbLITHE

- NOBEPXHOCTHBIA CNOW

+ MmaneHbkuit pasbpoc

- MHTEpnpeTayua

- Ha3eMHan nposepka

- HaBbiKK 06paboTkmn
CHUMKOB

+ 6bicTp m gewes /ra

- HAYaNbHbIE pacxoabl

7/

TOYEYHLIW/NONEBOW
+ TOYHbIE 3HaYeHUA

- ManeHbKuit o6bem

+ HECKONBKO CNoes

- 6onbwon pasbpoc

- 3aBUCHT OT BNAKHOCTH
+ Nerko UcnonbL3oBaThb

- Tpebyer kanuGpoBKK
+ GbICTPLIN

+ Aewesbin

NOBEepPXHOCT
Hel (1 m

'Amﬁ (20 W)

| OAHO/MHOIO YacTOTHbIN I

NONA/XO3AUCTBA
+ TOYHbIE 3H3aYeHHMA
+ 6onblion o6vem

+ pa3sHble C10M NOYBbI

+ ManeHbKuit pasbpoc

+ HeleCTPYKTUBHbIN

+ HenpepbIBHbIA 3amep

- Tpebyer kanubpoBKrK

- 3aBUCHUT OT MECTHBIX
ycnoBum

+ 6bicTp v gewes /ra

INEKT POMaAlrHUTHaA MHAYKUMA

*IKOHOMUYECKaA U IKOoNo2UYEeCKan Pecmpykmypusayusa 3emne- u Bodononvioeanun e Xopesmckoii obnacmu



Field survey
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Soil salinity assessment

Saline or not saline?

Sample Location Salinity level

| Area | Saline

2 Area 2 Not saline

Table 4: Soil classification based on salinity level (Kovda et al. 1960)

Salinity type, total dissolved solids, %
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Salinity level g E = E ET EER B2 T E B e

& D = 5 O = a S s s S =3

5 ° 39 S5 32 | 25| §73 5 2
Not saline <0.15 <0.15 <0.15 <0.15 <0.2 <0.25 <0.15 <0.3
Low 0.150.25 0.150.3 0.15-0.25 0.150.25 0.2-03 | 0.250.4 | 0.150.3 0.3-06
Moderate 0.2540.4 0.3-05 0.250.4 0.3-05 0.3-06 | 0.4-0.7 0.3-05 0.6-10
High 0.4-06 0.5-0.7 0.4-0.6 0.5-0.7 0.6-10| 0.7-1.2 0.5-0.8 1.0-20
Solonchak =0.6 >0.7 >0.6 >0.7 >1 >1.2 >0.8 =2.0




Soil salinity assessment

Saline or not saline?

Sample Location Salinity level

| Area | Saline

2 Area 2 Not saline




Approach

relatively new equipment
no experience in the region
complexity of the device

data extraction and analysis
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Field survey

/\

Soil property measurements

Application of EC devices

a
L)

Salinity appraisal

 /

Characterize sensitivity of EC devices + Regressiontree

v

Environmental correlation

————

eECa (CM-138) eTopography (indices)

*ECa (2P) eGroundwater (depth & salinity)

*ECa (4P) eParent material (texture)
eWater network (distance)

*EC (paste) sLand management (crop)
oClimate (at larger scale)

Identify functional relationship with environment —eural networks

¥

Spatial prediction

(combine existing data with remote sensing)




‘4 Study area

@ 1,000 ha farm

community




Study area

ooooooooonooooooon

80 ha research farm




Measurements and laboratory analyses

TDS total dissolved solids, determined by evaporating water from soil
solution (1:5) extract

EC. electrical conductivity of saturation h“h
paste extract ﬁl

EC, EC of soil solution (1:1), measured iﬁ
in the soil solution before water -
extraction E

EC,., ECofsoil solution (1:1) extract
EC,.. ECof soil solution (1:5) extract

EM, EC, of bulk soil layer up to
1.5 m depth measured by
EM38 in vertical mode

EM, EC, of bulk soil layer up to
0.75 m depth measured by
EM38 in horizontal mode




Aral Sea water salinity
=== =rmaa TS 1 O Eijkelkamp 18.21 could
S measure extremely high
salinity levels compared to
Hanna Instruments HI 98312

1 Example of Aral Sea water
EC (13.06.2009)




Soil sampling

[ Before and after leaching

J Samples collected from 5 layers at 30 cm intervals

(0-30, 30-60, 60-90, 90-120, 120-150 cm)




Analysis

Steps ECe (250 grams) EC 1:1 (40 grams) EC 1:5 (20 grams)

12 Add measured amount of distilled water to a sample of soil while Add 40 ml of distilled water, | Add 100 ml of distilled
stirring with a spatula until saturation, at saturation the soil paste: mix intensively. water, mix intensively.

2 a. Does not have free standing water on the surface of the Cover and leave the sample. Mix again in 30, 60, and 90

aste

p. min. Total number of mixing is minimum 4 times.
b. Slides freely and cleanly of a spatula
c. Will flow slightly when the container is tipped to a 45 degree
d. Soil surface glistens as it reflects light
e. Consolidates easily by tapping after a trench is formed in the

paste with the flat side of spatula (may not apply to sandy

soils >70% sand)

3 Record amount of added distilled water. Cover container and let it stay Calibrate conductivity
for four (4) hours. Check saturation characteristics again and add soil or | probe. Rinse. Measure
water as needed to obtain the desired characteristics. If additional soil T’C and conductivity of
or water is added, then record the mass of the soil (g) and total water | the EC paste. Record.

(g) added.

4 After equilibrium, thoroughly remix soil paste, transfer soil saturation Transfer the solution to a filter funnel. Wait till water
paste to (Buchner) funnel and spread evenly over the surface. Apply -60 extract is collected in the containers. Refilter if filtrate is
to -80 kPa vacuum and collect filtrate in measuring container for 30 min. turbid.

Discontinue vacuum when cracks appear in soil paste. Refilter if filtrate
is turbid. Approximately % to % of the water added in making the
saturated paste can be recovered as extract.
5 Calibrate conductivity probe. Rinse with distilled water the measuring containers and the conductivity probe. Measure temperature

and conductivity. Record the values.




EC meters




EC meters

Q Eijkelkamp 18.21 and Hanna Instruments HI 98312
1 Foreign and locally made EC meters are available
1 Measuring principles are identical

O Accuracy is satisfactory
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Correlation factors ECe vs. Cl

O High accuracy
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Correlation factors EC vs. TDS

 Possible, high variation

1,5

1,2

0,9

TDS, %

0,3

y =0.2092 ECp - 0.037
R?=0.7184

y =0.0537 ECe + 0.0841
R*=0.6617
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Spatial
distribution of
soil salinity
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Equation

1.98 x EC,
2.06 x EC,

d
ing
Post-leaching | =2.16 x EC;

EC,
leach

Combined

Pre

Correlation factors EC, vs. EC,
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Correlation factors EC, vs. EC,
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Correlation factors EC, vs. EC,

EC, Relationship equation| R?
Pre-leaching | =2.97 x EC, 0.92
Post-leaching| =2.08 X EC, 0.92

Combined |=2.42 xEC, 0.86




y =0.053x - 1.33
R*=0.82
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Electromagnetic induction (EM38)
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EM1V (picl) = EM1V (pic3) — ground conductivity of 1.50 m depth (213 mS/m = 214 mS/m)
EM1H (pic2) = EM1H (pic4) — ground conductivity of 0.75 m (169 mS/m = 172 mS/m)

EM1H (pic2) # EMO0.5V (pic3) — ground conductivity of 0.75 m (169 mS/m # 276 mS/m) — Because of
different response functions. But the difference is 107 mS/m. Most of data | collected with EM38-MK2-

2 with
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Calibration is needed to interpret values
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ECe, dS/m

EM38 and ECe relationship

10
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ECe, dS/m

o

EM38 calibrations

=Rhoades et al. (1989) sandy loam
McFarlane and Ryder (1990) 0.6-0.9 EMv
X Bennett et al. (1995) deep sand EMh

Slavich and Read (1983) EMh

=Hendrickx et al. (1992) medium EMh

X Rhoades et al. (1989) silt clay loam

@ Cameron et al. (1981) silt loam

@ McKenzie et al. (1989) coarse EMh

B Chaudhry and Baig (2000) loam/sandy loam EMh

Bennett et al. (1995) heavy loams and clays EMh

A
@ Ferdowsian and Greenham (1992) sandy loam McKenzie et al. (1989) coarse EMv - A h
Chaudhry and Baig (2000) loam/sandy loam EMv Rhoades et al. (1989) heavy clay = A A‘
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| Soil salinity before- (March), after-leaching (April), towards the

end of vegetation (August) based on point measurements EM38
April August

March

)
\

\/I‘

Vertical mode, sensing depth 1.5 m
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Conclusions

EC meters can be used interchangeably

Conversion factors between various EC methods offer
accurate transformations

EM38 is a good reconnaissance tool and provides
continuous measurements

EM38 readings can be used to classify salinity level with
sufficient accuracy

Most suitable for frequent monitoring purposes

Maps can be generated right after survey



Water saving technologies:

E.g.
Systems level >
Plastic lining of channels

Field level>
Laser guided land-leveling

Double sited furrow-irrigation
Conservation agriculture

Drip irrigation

Bio-drainage

Hydrogel



Options for
water use
' reduction

Source: Bekchanov, M.; Lamers, J.P.; Martius,
C. Pros and Cons of Adopting Water-Wise
Approaches in the Lower Reaches of the
Amu Darya: A Socio-Economic View. Water
2010, 2, 200-216.
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Options for water use reduction
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Source: Bekchanov, M.; Lamers, J.P.; Martius, C. Pros and Cons of Adopting Water-Wise Approaches in the Lower Reaches of the Amu
Darya: A Socio-Economic View. Water 2010, 2, 200-216.
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