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FOREWORD
1. The necessity of the dissertation
Soil salinity is one of the pollution that needs to be considered in the
context of global climate change (CC) in coastal areas. In current time,
about 45% of the land area in the Mekong Delta is facing the risk of saline
intrusion (Southern Institute of Irrigation Science, 2009) [64]. The
transformation of production structure in the coastal area from rice
cultivation to shrimp farming spontaneously on a large scale has made the
problem of saline intrusion in the coastal Mekong Delta become
complicated, many places are out of control and potentially bad
consequences to the environment (Le Sam, 2007) [21.
The implementation of Resolution No. 120/NQ-CP on sustainable
development of the Mekong Delta adapts to CC, and localities to
restructure the agricultural sector, shifting trends in coastal areas are an
inevitable need due to the influence of salinity. In addition to saline
intrusion according to the natural impacts, the impact due to the role of
humans is also very large. Currently, many reasons have caused the
agricultural land areas to be increasingly narrowed, many areas are even
abandoned due to saline intrusion, especially estuaries and coastal areas
that are strongly affected by CC as Can Giuoc district, Long An province.
Recently, the outside and adjacent areas of the dyke have increased
salinity, water used in agriculture is salty, so many areas have lost
productivity or are not cultivated, leaving wasteland to cause greatly
affects for local socio-economic development. From these practical
problems on “Studying characteristics of water sources and proposing
solutions to use saline soil due to water sources in the coastal area of the
Mekong Delta (case study in Can Giuoc district, Long An province)” is
absolutely necessary.
2. Research objectives
Long term-objective: Researching the scientific basic of soil salinity due
to water sources in types of agricultural land use to propose suitably
solutions of using agricultural land in the study area conditions.
Short-term objectives: ldentifying areas where were affected by salinity
under the present agricultural land use and considering the changes of
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salinity in soil at experimental plots of types of land use. Then applying
1D Hydrus model to simulate different salinity scenarios due to the impact
of CC combined with evaluating suitability of different types of present
agricultural land use under the influence of saline intrusion. It is as a basis
for proposing solutions of reasonable agricultural farming (by a
restructuring model of sustainable agricultural land use) in saline soil
areas...
3. Subjects and scope of research
The object of the study:
- Affected soil by salinity, types of agricultural land use.
- Natural, socio-economic factors affecting agricultural land use and
salinity intrusion.
- Tools to support the evaluation and analysis process: simulation
software, experimental models, statistical analysis, GIS...
- The data of land use, hydrology, saline intrusion...
- Policies and regulations on natural resources and agriculture...
The scope of the research: The study area is Can Giuoc district, Long An
province, focusing on agricultural production areas where were affected by
salinity due to water sources.

. Approach and research method
The approach: The object-oriented approach study is typical agricultural
farming models affected by saline water sources and identifies other
factors affecting the use of agricultural land in the study area.
Research method: (1)- Methods to collect documents and secondary data
(2) Investigation methods, (3) applying FAO methodology in suitability
land evaluation, (4) Experimental method, (5) Mathematical modeling
method...
Supporting technologies: GIS, MCE, WLC...
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Diagram 1.1. Research process

5. Scientific and practical signification
The study confirmed that saline soil due to climate change and sea level
rise is becoming more and more obvious and related to changes of
agricultural land use. Based on the suitability of land evaluation by FAO
methodology in the condition of saline soil due to water source for types
of agricultural land use as a premise for selecting solutions to use
agricultural land in the study area.
Supporting scientists, managers and local authorities have a firmer basis
on: trends in changing structure of agricultural land use types, suitability
of agricultural land use to decide solutions and strategies for using and
protecting land resources, specifically in the decision to develop and
maintain land use types which were affected by saline intrusion.

6. New contributions of the Dissertation
1- Evaluating the suitability of existing agricultural farming systems on the
land contaminated by water resources to propose suitable conversion
solutions in the natural context of the study area.
2- Providing a scientific basis for selecting solutions of using rationally and
effectively agricultural land that has been and is being affected by salinity,
making an important contribution to land use planning.
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3- Impacts of climate change as well as changes of farming practices affect
the fluctuations of saline water in the soil.
CHAPTER 1. RESEARCH OVERVIEW
1.1. Overview of saline soil and groundwater salinity intrusion in the
Mekong Delta
In the Mekong Delta, mostly low and medium saline soils are distributed in
coastal provinces that are used for rice cultivation, shrimp farming or a
combination. In recent times, the saline area has increased more and more
due to objective causes (consequences of CC & SLR) and leading to
subjective causes due to human impacts on agricultural development and
production. Coastal provinces with large agricultural areas (Long An, Tien
Giang, Tra Vinh, Soc Trang) are the most affected. Through the influence
of the saline situation, it shows that "non-structural” solutions are
particularly effective, so it is important to recognize that "natural-based"
development in the spirit of Resolution 120/NQ-CP is very important.
important. The criteria used to classify saline soils are saline or Sodic levels
(CEC, SAR, ESP...). Saline soil has the ability to adapt depending on the
characteristics of plants and animals and the improvement focuses on
improvement solutions such as farming techniques, biology, chemistry and
especially structural transformation of crops. The transformation of
production structure according to ecological regions has always been
focused.
1.2. Research overview
1.2.1. Studies and evaluations of the saltwater intrusion process
Researches by Le Sam (2007) [21], Jeremy C.R (2008) [92], SIWRR (2009)
[64], Vo Tong Xuan (2013) [66] and many domestic and foreign authors
about the assessment of salinity intrusion have shown that levels of
influence and the process of saltwater intrusion associated with CC and SLR
in the Mekong Delta are more and more obvious besides the human impacts
in agricultural activities of the Mekong Delta.
1.2.2. Studies of applying supporting tools in the management,
monitoring and evaluation of saline soils
Using supporting tools for managing, monitoring, evaluating and analyzing
saline soil has been focused, showing effectiveness, fast analysis and
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accuracy at a level consistent with the scale of the study area. RS, GIS, GPS
are highly integrated tools, capable of combining with simulation and
mathematical models and they can give the necessary results of data sources
in salinity assessment and other factors and issues related to the
management, assessment, monitoring and reclamation of saline soils.

1.2.3. Experimental studies of saline soils

Experimental studies focused on farming models and measurements of
salinity effects on soil salinization due to irrigation techniques and crop
uptake analysis.

1.2.4. Studies on the model of salinity transmission in soil

Researches of substance transmission models using Saltmod, Stella...
combined techniques of RS and GIS to build models with regression
algorithms have helped predict and simulate the spread along with
verification for valid results.

The studies use simulation models for different conditions to study soil
salinity and the ability of preading or changing salinity in soil to get
corrected values to provide integrated results, salinity forecast as a basis for
proposing solutions. Now, GIS is considered an effective environment to
integrate simulation models, combined with influencing parameters to create
capabilities for fast, spatially, specific analysis and forecasting.

1.2.5. Evaluation of land suitability

Anyways, it is necessary to investigate, research and evaluate land to serve
as a scientific basis for rational land use (Vu Cao Thai et al., 1997) [67].
Many land assessments in the Mekong Delta for agricultural production and
planning of land use allocation have been implemented by the central
government and localities. The process of land evaluation for agriculture
based on FAQO's rationale has been adjusted to suit our country's conditions
and is applied on the whole country. Up to now, many local levels have
applied FAO's land evaluation method to determine the local land potential
as a scientific background for using effectively and suitably land. [78], [79]
Overview of study area - Can Giuoc district, Long An province

Can Giuoc district is located in the southeast of Long An province, the first
province adjacent to Ho Chi Minh City of 13 provinces in Mekong Delta,
with a total natural area of 210.19 km? and geographical coordinates: East
longitude: 106032 '59" - 106055'92"; North Latitude: 10058°99” -
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10079°78” (Figure 1.4).

Climate characteristics: typical of the tropical monsoon climate of the
Mekong Delta with high temperature in the whole year, abundant light,
rather large rainfall and distributed into 2 distinct seasons. The hydrological
system with many rivers and canals (Soai Rap, Can Giuoc, ...) is dense,
affected directly by the irregular semi-diurnal tidal regime with large
amplitude of the East Sea.

.m0 1 s Figure 1.4.

1 Administrative
map of Can Giuoc
. district, Long An.

In the dry season,
water source is
obviously salty in
the lower and
. = (5 neighboring area
- ' of dike due to the
i topography  and
saline intrusion. The terrain is relatively flat and lowers from the West to the
East, including the upper and lower regions with more than 56% of the area
(10, 701.61 ha) of soil types with salinity factors in the soil classification.
The population is 192,329 people (in 2018) unevenly distributed, the
population density of communes is high in the eastern and low in the west.
Agriculture is still the main economic sector with typical types of
production: vegetables, specialty rice, brackish water aquaculture.

Status of agricultural land use and effects of saline intrusion

Present agricultural land use: in 2017, land use structure includes 2 main
types: agricultural (64% of total area) and non-agricultural (35.94% of total
area). In which, land for annual crops occupies the highest area of 7,773.39
ha (occupied 87.04% of annual crop land), of which rice land occupies
84.27% of annual cropland distributed in areas where are near the dikes in
the upper and lower such as: Tan Kim, Truong Binh, Long Hau, Long
Phung, Tan Tap communes.... the rest are vegetables, concentrated in upland
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communes such as Long Thuong, Phuoc Ly, My Loc, Long An... The next
is the water surface land for aquaculture (4,892.81 ha), ocupying 35.50% of
agricultural land area, distributed in Phuoc Vinh Dong, Phuoc Vinh Tay,
Tan Tap, Long Phung, Dong Thanh communes...

Changes in agricultural land use: in the period of 2010-2017, the status of
land use in the district fluctuated partly influenced by the results of statistical
work, land inventory changed indicators, and also reflected a trend of
changes: due to the implementation of social development goals and the
speed of urbanization, annual crops decreased strongly with 1,695.90 ha due
to converse to aqua cultural land.

CC impacts on land use: in the medium emission scenarios B2 and high
emissions ALF1, Can Giuoc is one of the localities affected severely by
drought and salinity in recent years, especially in agricultural production.
Influence of saline intrusion on agricultural production in the study area:
due to natural conditions, the land area in each commune is affected
differently, the cultivation process also changes accordingly. The surveying
data also comes from the request to review the local agricultural land areas
where are saline intrusion from 2010 to 2016 basing on data of salinity
damage for the specific types of agricultural land use in the study area.
CONCLUSION CHAPTER 1

The effects of CC & SLR are becoming more and more obviously, saltwater
intrusion is becoming more and more complicated, difficult to solve, and
affects significantly the life and agricultural production in the Mekong Delta
provinces in which the study area is located. Studies on the formation of
salts in the soil under the influence of farming are associated with
experimentation and have had some basic results. Studies on the possibility
of using affected land areas by salinity due to CC or the consequences of
agricultural cultivation need to be analyzed and compared to have more
practical options for investment solutions. Studying solutions for rational
use of saline soil due to water sources in agricultural production through
applying the nature of the mechanism of salt formation in the soil combined
with the ability to analyze and process in the GIS environment, other
techniques such as MCE... the data of the actual measurements will create a
basis for proposing solutions to use saline land due to water sources in
agricultural production.
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CHAPTER 2. THEORETICAL BASIS

2.1. Theoretical basis of the Hydrus 1D model

Based on the relationship of the "soil-crop-atmosphere" system in which the
association of soil water, solutes (salts), shallow groundwater and crops
grown in the field is complex with the impact of rain, evaporation and
irrigation water. Models that simulate soil water movement, solute transport
and water uptake by plants will provide additional information that cannot
be obtained from field measurements.

Since the 1970s, many numerical solutions have been developed to describe
the transport of water and solutes (P. Forchheimer, 1930) [106], (P.
Grathwohl, 1998) [107]. Most of these models are based on solutions to the
Richards equation for convective flow and dispersion for solute transport...
In this study, the Hydrus-1D model was used to simulate the flow in soil and
transport of solutes (salts) in unsaturated and saturated soils with different
types of soil impact crops. The objectives are: (i) to describe the interactions
between soil water, salt and their influence on the attractiveness of crops
under different land use patterns, and (ii) trends of salinity potential over
time under different farming practices.

2.1.1. Underground water flow module (UWF)

One-way (uniform and balanced) UWF flow is determined by Richards
equation [89]:

5 [ (o ‘
L[i—? : cnsaf” M (2.1)
| Lo

Where: h: water column (m); 8: humidity (m3/m3); t: time (minutes); x: spatial
coordinates (positive sign when pointing up); S: added/lost flow per unit volume
(sink term) (m3/m3min); a: angle created by NDD flow and vertical axis (a=0°
for vertical flow, 90° - horizontal flow, and 0° < a < 90° - inclined flow); K:
unsaturated permeability coefficient (m/min).

Solving equation (2.1) is given by the Van Genuchten equation (Maas,
E.V. & Hoffman, G.J, 1977) [97]:

Steps to determine humidity 0 and water column h for each increment (dt)
and (dx)
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In which: Or and 0s: natural humidity and saturation (m3/m3); Ksat: saturation
permeability coefficient (m/min); a: empty coefficient (dimensionless); n: pore size
distribution index; I: pore connection parameter is assumed to be 0.5 - the average
value for many soils.
Solving the found equations will estimate the solute propagation by
convection - dispersal of solutes
2.1.2. Substance propagation module
In Hydrus 1D, the solute propagation under different saturation conditions
was determined according to the equation (M.J. Hendry and G.D.
Buckland, 1990) [96]:
i E:(Ts &C C
alta X &

)] (2.9)

In which: calculated parameters for different types of reactions; D: dispersion
coefficient is determined according to the following formula:

D=y 2.9)

With A: vertical dispersion; v is the average velocity of water through the pores
The 1D Hydrus model also considers the linear and non-linear absorption

patterns on the soil material and is calculated in the dissolved pollutant
propagation equation on an integrated basis in the balanced computational
models, different physical/chemical imbalance.

2.1.3. Water absorption by plant roots

The potential transpiration rate, Tp (L.T—1), is propagated in the rhizosphere
according to the normalized root density distribution function, p(z, t) (L-1).
The actual root water uptake, S, is obtained from the potential root water
uptake (i.e., potential transpiration) Sp, multiplied by the stress response
function a(h, he, z, t) including water pressure and osmosis

S(h, ho, z, t) = a (h, ho, z, t) Sp(z,t) = a (h, he, z, t)B(z,t)Tp(t) (2.15)

2.1.4. Initial and boundary conditions

Initial conditions: The initial condition is built basing on the structure of
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cultivation in the field, which is rice, shrimp (having a water layer ho or
moisture 60) and the salt concentration of Co at t = to.

hx.t)=h va Clx.f)=C, (2.20)
Boundary conditions: The boundary condition at x = L is expressed as:

. &h
—R[-__;--+L:()e-;(7]=c_.r__w,(.r) (2.21)

X

5C
oD~ + qC Grop (I, (1)
o

With gtop and Ctop: flow rate and solute concentration at x = L.

2.1.5. Optimizing parameters

Hydrus 1D determines the compatibility of the Van Genuchten equations
with experimental data by the method of inverse estimation according to the
Marquardt-Levenberg algorithm [97].

To evaluate results of the parameter optimization in the inverse estimation
process, two statistical parameters are used for direct comparison of the
models and to evaluate the best correlation of the optimized parameters is
the coefficient of determination (R2) and the Nash Sutcliffe Error (NSE).

D CXERA BN EwS |
Riiss= Where: N is the total number of time

L[“ (=.0,) - nr] steps, Oj(z,t) is the observed data and
. Ej(z,t,b) is the estimated data.
S e, (z.0)- E,(z.0,.6)

ST 0, (z.0,)— Orb)?
When the value is very good: 0.75< NSE <=1, good: 0.65<NSE<0.75,
accept: 0.5<NSE<=0.65, don't accept: NSE<=0.5 and R2 > 0.7 usually
represents the result of a reasonable integration estimate between the
optimally estimated parameters and the observed data
2.2. Evaluating agricultural land use from a sustainable point of view.
Land evaluation using the FAO rationale which is selected as the basis
depending on the purpose to use MCE techniques and change the criteria
adapting the study area including nature and socio-economic and
environmental impacts in an effective GIS application environment.

Methods of land suitability evaluation
-12 -
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The study uses the combined method under limited conditions to determine
the suitability and the expert method, discussing between experts and land
users to overcome the limitations (salinity) and consider more economic,
social - environmental issues to adjust the level of suitability to adapt the
current status.

Application of geographic information system (GIS) in land evaluation
GIS is used to analyze and integrate spatial and attributes data of each data
layers for constructing thematic maps (present land use, soil, salinity,
irrigation conditions, elevation ...) to become extremely important and
effective in land suitability evaluation

CONCLUSION CHAPTER 2
The Hydrus-1D model is able to simulate the process of water infiltration

and the movement of solutes in a one-dimensional space with a number of
different boundary conditions, especially for crop and animal farming types
by the calculation of parameters and variables related to requirements of
cultivated layer. Agricultural land use is always associated with water
demand and substances affecting crop growth and development in which
salinity is an important factor.

Land suitability evaluation can ensure the scientific and theoretical
perspective of FAO and allow flexibility to select criteria according to
limited characteristics of the study area. Towards sustainable land use, the
optimal target in land use will be considered and pondered to increase or
decrease the suitable level for development goals of agriculture, economy
and society in the locality. This is the basis for all suggestions to use
agricultural land in the context of CC and a pressure of development in high
urbanization areas as Can Giuoc district.

GIS application and related techniques have supported very effectively and
modernly in analyzing and integrating land use criteria and purposes of land
evaluation and allocating rationally agricultural land use in the context of
CC &SLR

CHAPTER 3 RESEARCH RESULTS AND DISCUSSION

3.1. Results of investigation and assessment to effects of salinity on the
current farming systems

The results of the interviews in communes where were affected by saline
intrusion in the study area showed that the area affected much by saline
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intrusion in the lower region. Now, the process of salinity inland affecting
the environment and agricultural ecology is quite clear. Types of agricultural
land use gradually become less productive, especially rice and shrimp. It
shows that the trend of self-conversion under economic pressure has greatly
changed the structure of agricultural land use.

Effects of saltwater intrusion to agricultural land areas

The results of surveying households showed that communes where were
affected by saline intrusion in the district had the main income is seriously
affected (rice, shrimp, vegetables). Areas of frequent salinization and high
salinity are concentrated in the lower communes, the highest effects in
Phuoc Vinh Dong, Dong Thanh, Phuoc Vinh Tay, Tan Tap, Long Phung and
part of Tan Kim where are neighboring the dikes in March and April.

3.2. Results of experimental measurement

3.2.1. Location of the study area

4
—r— 2

0 o ———— o

Figure 3.4. Location of soil sampling and monitoring

3.2.2. Results of measuring salinity changes in rivers and canals

According to the results of salinity measurement at some monitoring points
in the study area in 2016 and 2017 of 05 main rivers: Tri Yen, Mong Ga,
Ong Hieu, Rach Nui, Can Giuoc - Rach Cat river, showed: salinity appeared
from mid-February 2016 and increased rapidly until the early of March 2017
then gradually decreased. Salinity on river routes is lower than 2016 from
2.10 - 10.0 g/l and lower than in 2005 from 6.90 - 15.0 g/l (the highest
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salinity in the past 12 years was in 2005. This is the basis for using
hydrological constraints in the interpolation analysis of saline maps when
combined with DEM.

3.2.3. Measurement results of physic-chemical properties of soil
Describing soil profiles and the physical-chemical properties

The characteristics of the main profiles showed the typical of alluvial soils
on alkaline potential soil with salinity, typical chemical compositions in
lowlands is effected alum and salinity. Physical properties of soil structure
is soft and density of sand, loam and clay particles is relative with low
drainage capacity

Measurement results of soil salinity

To consider the salinity level in soil, salinity was measured at the soil
samples. The Sodic levels related to SAR and ESP in shrimp farming sites
(Phuoc Vinh Dong commune) is quite high at 15.38 and 16.72 and relatively
high at 10.42 and 12.38 in Dong Thanh commune. This showed that the soil
is calloused and the cultivable potential for rice is limited because the
porosity of soil by rotation of plant nutrients is very poor. Sodic phenomena
in Tan Tap and Phuoc Vinh Tay areas started when the SAR and ESP
indicators showed that the soil started to be drained poorly.

3.3. Land evaluation by FAO methodology

3.3.1. Determining criteria factors to affect land use types (LUT)

The existing agricultural land use types can be identified: (i) triple rice crop
(winter spring(DX)-summer autumn(HT)-season(M)); (ii) double rice crop
(DX- HT); (iii) double rice crop (HT-M); (iv) Rice-crop or annual cash crop;
(v) specializing in vegetables or annual industrial crops; (vi) fruit trees (vii)
vegetables; (viii) annuals; (ix) aquaculture. In the study area, selecting LUTs
is based on the current status and popularity of LUTs along with economic
efficiency.

3.3.2. Selecting LUTs for evaluation

LUT 1: Triple rice crop (DX - HT - M), LUT 2: Rice-Aquaculture (Seasonal
rice - Shrimp), LUT 3: Vegetables (Vegetables, potatoes), LUT 4: Fruit trees
(Mango, banana) ), LUT 5: Fisheries (Brackish water shrimp). Based on the
characteristics of each LUT with the natural conditions in the area, the
selected criteria for zoning suitability includes: (1) Soil characteristics: (1)
Soil type, (II) Topographical characteristics: (2) Relative topography; (111)
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Water characteristics: (3) Inundation depth, (4) Inundation time, (5)
Sourization time, (6) time of saltwater intrusion, (7) Irrigation conditions =>
establishing land unit map.

3.3.3. Setting up land use requirements of selected LUTSs

Land use requirements are determined by a semi-quantitative method
combined with the surveying results of land use, and inherit the hierarchical
standards that have been applied in land evaluation in neighboring areas.
3.3.4. Results of land suitability evaluation

Land suitability levels of LUTSs is determined by the maximum limitation
method. The GIS application builds a land unit map by overlaying 7 unique
maps: soil, topography, flooding due to salt, acidity, inundation time,
inundation and irrigation with 16 land units.

3.4. Simulating salinity evolution of experimental sites using Hydrus 1D
model

3.4.1. Set up and select locations to establish the model

Studying 05 experimental models, the location of the samples with results
of sample analysis by EFS proved the Sodic level in types of 01 rice, 01
shrimp, 01 rice - shrimp and 02 samples of failed and fallow shrimp and
shrimp - rice to examine the consequences of failure due to changes of
salinity in soil.

3.4.2. Characterization of soil profiles in experimental models

\
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Figure 3. 13. Location of 5 samples simulated by HYDRUS 1D model
Characterization of soil profiles in experimental models in Can Giuoc
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corresponding to CGO02 soil profile in Vinh Phuoc Tay- rice model (VPT1)
and Vinh Phuoc Dong - shrimp farming model (VPD3), CG18 profile in
rice-shrimp model in Long Phung (LP3), CG10 in Tan Tap (TT1), CG15 in
Dong Thanh commune (DT1).

3.4.3. Input data of Hydrus 1D model

i) Hydraulic parameters from Van Genuchen equation (1980)

Table 3. 15. Parameters of the Van Genuchten equation of soil profiles

Sail profile / Depth B, 8. a Ks
Exprimental sites cm em¥fem® | cm/om® liem n cm/day
cGo2/ 0-20 0.091 0.451 0.023 1.230 11.71
PVT1 (double rice- crop) 30- 60 0.095 0.470 0.022 1.202 15.55
PVD1 (shrimp) 60-100 0.096 0.479 0.020 1.216 17.50
0-30 0092 0.495 0.020 1.224 13.70
CG18/ 30-60 0.091 0.456 0.021 1.244 12.33
LP3 (shrimp-rice) 60-100 0.094 0.473 0.019 1.241 17.10
0-30 0.101 0.502 0.017 1.258 25.35
CG10/ 30-60 0.100 0.497 0.016 1.276 22.64
TT1(fallow) 60-100 0.101 0.503 0.015 1.294 21.67
0-30 0.084 0.427 0.023 1.261 7.43
CG15/ 30-60 0.077 0.402 0.025 1.270 9.35
DT1{shrimp) 60-100 0.081 0.418 0.021 1.234 6.20

ii) Initial and boundary conditions

The time to simulate started from 1% January, 2017 to 31% December, 2017
within 365 days for double rice crop (DX — HT), with a time step of 0.001
day.

Table 3.16. Seasonal calendar of simulation model

Season | Jan ’EEb Mar | Apr | May | Jun | Jul | Ay | Sep | Oct N'CWI Dec
: g

Winter- | ©

Spring

Summer-

Autumn | | | | 1/

Note: & Irrigation period
+ Upper boundary conditions: In land surface, atmospheric boundary

conditions are rain, evaporation and transpiration of crops (or livestock) and
the irrigation layer was taken at Tan An Hydro-meteorological station
including rain, evaporation, and drainage at day.
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+ Lower boundary condition: Free drainage (no impermeable layer). The
groundwater level is 100 cm above the ground

+ Initial conditions: surface water layer of the field is 5¢cm, initial salinity in
soil solution measured 0.64 g/l (January).

+ Based on aquifer material, thickness and hydraulic conductivity, the
diffusion coefficient is fixed at 2 cm?/day.

+ The required indicators of water demand and characteristics of plant root
are based on results of calculation by Wesseling [Wesseling, 1991].

iii) Model correction

The Hydrus-1D model has been calibrated using boundary conditions at the
study site, the Vinh Phuoc Tay rice-growing area and the data of soil salinity
measurement in 2017, the location is evaluated as the most effected saline
area. The potential for salinity effects on rice crops needs attention and is
located entirely in the lowland area where there is a dispute between salt
and fresh water. The value 0.65 <NSE =0.73< 0.75 is good and R2 =0.78>
0.7 is a fairly reasonable calculation result between the estimated values and
the observed data. Therefore, model parameters can be used for simulation
and calculation of scenarios.

So sanh do man mé phong va ddé man do ndm 2017

——00

o e

26 man (g/1)

Figure. 3 15. Comparison chart of simulated salinity and salinity in 2017
iv) Simulated scenarios
Farming model
LUT 1: Model of triple rice-crop (DX - HT - TD)
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Figure. 3. 16. Salinity chart of LUT1 scenarios

iv) Simulation scenarios
Table 3. 18. Simulation scenarios

LUTs Scenario Script
name
KB1 Triple rice crop (DX - HT- T), hydraulic parameter CG02, refer to
LUT1 hydrometeorolagical data , salinity in 2017 at VPT1.
Triple rice crop (DX KB2 Groundwater depth (GD) increased 30% compared to 2017
2,
_HT-TD) reference depth, GD + 30%.
KB3 Groundwater depth (GD) decreased 30% compared to 2017
reference depth, GD - 30%.
KB4 Salinity increased 30% compared to the reference depth in 2017,
C+30%
KB5S Rice — Shrimp model, hydraulic parameters CG18, reference to
LUT2 hydrometeorological data, salinity at LP3 in 2017 .
Rice-shrimp KB6 GD depth increased by 30% compared to 2017 reference depth,
GD + 30%.
KB7 GD decreased 30% compared to 2017 reference depth, GD - 30%.
KBS GD increased 30% compared to 2017 reference depth, GD + 30%.

3.4.4. Simulation results of scenarios
LUT 2: Rice — Shrimp model
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Figure 3. 17. Salinity chart of LUT2 scenarios
The results of simulated scenarios showed that moisture and salt

accumulation in the root layer (0-20cm), the moisture of KB3 and KB7 is
highest due to the decrease in groundwater level and it means a serious
shortage of surface water. If increasing the salinity concentration by 30% in
KB4, KB8, the permeability of the soil decreases, the salt accumulation
makes the soil texture change less porous than the current scenario KB1,
KBS.
iv) Evaluating forecast scenarios
KB1, KB2 are the current scenarios of 2017 that reflect fairly the present
situation. KB2, KB6 show the possibility of LUT1 and LUT2 which can
still be used well, the amount of water in the 0-20cm and 20-50cm layers
can still be used well in the dry season from November to the end of March.
Salinity only appears on the surface and not enough infiltration time, salinity
will reduce enough rain and groundwater because the growth can be kept in
the root layer during the dry season.
3.5. Proposing a model of restructuring agricultural land use in the
context of CC & SLR in the study area
In the study area, basing on characteristics of agricultural land in terms of
socio-economic development and salinity effects to agricultural production
in the context of CC & SLR, the salinity factor is considered as a typical
representative of the CC effects. The study proposed to verify model of
reusing agricultural land by a sustainability perspective which is considered
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as a solution to use saline-affected agricultural land so that it is effective and
suitable with MCE and WLC techniques.

3.5.1. Analyzing land suitability by a sustainable perspective

Table 3.25. Summarize the overall assessment of social-economic factors
of LUTs

Results of comparing, evaluating LUTs | | U _ the
Objectives

LUTI | LUT2 | LUT3 | LUT4 | LUTs | highest point

Food safety 1,000 | 0,8670 | 04610 | 0,4170 | 0,0000 | LUTI, LUT2

Increasing profits 0,2300 | 0,1640 | 0,8200 | 1,0000 | 0,2220 [ LUT4, LUTS5

Social efficiency 0,9290 | 0,7570 | 1.0000 | 0,8900 | 0,8370 LUT3

Stable environment 0,7490 | 0,9570 | 09310 | 1,0000 | 0,7840 LUT4

Total 2,9000 | 2,7400 | 3,2100 | 3,3000 [ 1,9900 LUT4

Table 3.30. Synthesize proposed LUTs following priority in production
areas

Region Proposed LUT Priority The advantage of the

structures structure region

The area within the dike has

high terrain  used for

LUT2, LUT3, LUT4 e vegetable and rice
Upper region LUT2, LUT1, LUT3 e ’ cultivation
LUT4, LUT3 The areas are near the dike

can be used suitable for rice-

shrimp, rice

Low areas, difficult to

Lower region LUT4,
LUT3, LUT4, LUTS5 S regulate irrigation water
Outside the embankment
Along the estuaries | plants  as building i The area cannot be improved
of rivers and canals | materials Luts due to salinity

3.5.2. Proposal to allocate plants and animals in Can Giuoc district
The results of evaluating simulation scenarios of soil salinity simulation and
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land suitability evaluation as a basis for the proposal of restructuring model
to use sustainable agricultural land with the agricultural development
orientation, land use and industrial policies and undertakings, strategy of
socio-economic development in the locality, the Mekong Delta region.
Research proposed 06 regions to arrange crops and livestock and oriented
restructuring agricultural land use for Can Giuoc district.

CONCLUSION CHAPTER 3

The results of surveying saline soil areas due to water sources are quite
accurate in the fact that areas with high salinity are concentrated in areas
outside dikes and near estuaries or sluices to prevent salinity. The model of
rice, rice, shrimp, and shrimp is the 03 models which implementing land use
requirements of livestock and plants for 3-5 years, often change soil quality.
The model of water balance and salt concentration in the rice rhizosphere is
simulated by Hydrus 1D software, which simulates the salinity changes in
the soil with reliability by coefficients R2 = 0.78> 0.7 and 0.75>NSE=
0.73> 0.65. The model can be used for forecasting irrigation purposes to
rice cultivation in the context of soil salinity due to water source.

To the study area, this is a region where is affected clearly by salinity
intrusion due to CC with 05 proposed land use types.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions: The research objectives have been reasonably and well-
founded by the results of investigation and assessment of agricultural
production areas where are affected by salinity due to water sources. The
experimental method combined with the simulation method of the Hydrus
1D model performed has shown its suitability in determining the salinity on
the surface and the accumulation confirming the influence of salinity in the
soil on the types of land use. particular. The solution to rationally use saline
soil due to water sources is also a restructuring model of sustainable
agricultural land use based on land suitability evaluations, analyzing the
MCE criteria and optimizing the built-up multi-economic-society-
environmental objectives and promoting the effective use of agricultural
land resources in the study area based on the combination of results of land
suitability types and verified results of the simulation and experimental
models. Research results have identified 03 new points as mentioned.
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Recommendations: Although the study has some initial results to serve as
a scientific basis for the arrangement of farming restructuring on saline-
affected or abandoned lands due to inappropriate farming, research
problems still remain many limitations in which the experimental data are
not enough time, the long-term impacts of CC and other types of farming
have not been studied fully for sustainable development in the Mekong
Delta.
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