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ABSTRACT

In the Golina-Adisalem irrigation scheme, 500 ha irrigated land is becoming salt-affected.
This relatively recent agricultural threat in the study area has never been comprehensively
managed until now. Rehabilitation of salt-affected field into productive lands using drainage
is expensive and the application of leaching by far is not feasible in shallow water table areas.
The alternative way is chemical amendment and bioremediation. Therefore, the field
experiment was conducted from January to May 2019 to evaluate the possibility of using
gypsum soil amendment and halophytic grasses on modification of properties of saline-sodic
soil, and the effects of gypsum on the performance of grasses. The gypsum levels (0%, 75%,
100%, 125% G) and halophytic grasses (OH, RG, PG) were set in factorial RCBD design with
three replication. Composite soil samples before the experiment and from each treatment after
15t and 2" harvest with 0-20, 20-40, 40-60 cm depths were collected for laboratory analysis.
Deep percolated water samples (at 1.5 m depth) were collected from the gypsum received and
control plots. The gypsum rates mixed to the top 20 cm soil layer 20 days prior to planting.
The laboratory analysis revealed that after the 1%t and 2" harvest the soil pHe, ECe, SAR and
ESP in the three soil columns were highly significantly (P<0.01) affected by the main effects
of gypsum, grasses and by their interaction. After the 1% harvest, the lowest pHe, ECe, SAR
and ESP was recorded from the soils treated with a combination of RG+125% G and
PG+125% G, whereas the highest values recorded from the soil of the control plot. After the
2" harvest, combination of RG+125% and PG+125% G in contrasting with the control
treatment exhibits more pronouncedly decreased the pHe from 8.54, 8.66, 8.77 to 7.23, 7.29,
7.51, ECe from 20.1, 16.31, 11.4 to 4.62, 4.89, 4.31dS m 1,SAR from 50.12, 54.23, 57.29 to
10.78, 15.81, 16.38 and ESP from 57.37, 66.22, 72.26 % to 8.93, 8.66, 9.47 % for 0-20, 20-40,
40-60 cm respectively. The reclamation efficiency of RG+125% G was statistically equal (=)
with PG+125% G. The highest infiltration rates were noted from soils treated with RG+125%
G (6.3 cm/hr) and PG+125% G (5.92 cm/hr); while the lowest value (1.22 cm/hr) was
recorded from the control treatment. After the two experimental season, the concentration of
Na* Ca?" mg*" ECw and TDS in the deep percolated water does not appears much change by
surface gypsum application. However, the biomass yield in the saline-sodic field had highly
significantly (p<0.01) affected by gypsum application. The highest biomass yields (10.56 and
13.2 t/ha) with highest net benefits (187,153.47 and 255,319.44 ETB/ha) were obtained in
saline-sodic soil that treated with RG+125% G for first and second harvest respectively
followed by PG+125% G. Whereas, the lowest biomass yield (5.73 and 7.14 t/ha) was
recorded from the normal field which treated by PG+0% G for first and second harvest
respectively. From the result, it could be concluded that combined application of RG+125% G
and PG+125% G was the most efficient treatment with respect to a faster decreased pHe,
ECe, SAR, ESP and it enhances soil infiltration rate, reached high biomass yield with high net
benefit as well as getting acceptable tissue quality for forage provision.

Keywords: Salinity and sodicity, gypsum amendment, phytoremediation, biomass yield.
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1. INTRODUCTION
1.1. Background of the Study

Salinity and sodicity are a major environmental threat to soil fertility and agricultural
productivity of the world. In arid and semi-arid regions, good soils are scarce with their
overall productivity declining due to inadequate provision of soil and water management
practices (Young et al., 2015; Gebremeskel et al., 2018). Globally about 7 % or 831 million ha
of land affected by salinity and sodicity (Mirza et al., 2014). Ahmed and Qamar, (2004)
reported that 20 million ha of land rendered to zero productivity each year. In Ethiopia, nearly
11 million ha irrigated land has already been salt-affected, being the highest from African
countries (Fantaw, 2007) and ranked as 7™ in the world (Qureshi et al., 2018). There is strong
evidence and understanding that at least soil salinity has been spreading and it is recognized as
being one of the greatest challenges of our world as a whole and its impacts towards several

sectors have become major concerns of researchers today (Mustafa, 2007).

Prior to management and reclaiming salt-affected soils, determining the type of problem and
identification of its source is the first step to select ideal mitigation measures for sustainable
irrigation project (Fantahun, 2007). Hence, irrigation water quality, soil salinity and sodicity
statuses of Golina-Adisalem irrigation scheme have characterized and documented before the
last three years. Based on Sisay et al., (2016) characterization that the soil pHe, ECe, SAR and
ESP values varied from 8 to 8.6, 4.1 to 24.4 dS m™, 41 to 45 and 48 to 55 % respectively,
which classified as “saline-sodic” soil (Lamond et al., 1992). On the other hand, the
groundwater quality analysis of the Golina-Adisalem irrigation scheme showed ECw values
within the range of 0.37 and 0.41 dS m™ respectively rated within “medium saline” range
USSLS, (1954).

Previous studies indicate that the main source of salinity and sodicity in Golina-Adisalem
irrigation scheme is soil parent material, the presence shallow groundwater table (at 1.5 m
below the surface), inadequate provision of drainage systems, poor on-farm water
management practices coupled with substantial salt buildup due to high evaporation (KGVDP,
2010; Sisay et al., 2016; Merse, 2018).



The main characteristics of saline-sodic soil from the agricultural standpoint that soils
degraded due to the simultaneous effect of salinity and sodicity. Plant growth in saline-sodic
soil also affected by excess salinity and excess sodicity (Na*). Excess exchangeable Na* has an
adverse effect on soil structure, seedling emergence, root penetration and lowers the
permeability of the soil to air and water (Yu et al., 2010). The primary effect of excess salinity
is rendered less water available to plants even the water is still present in the root zone. This is
because, the osmotic pressure of the soil solution increases as the salt concentration increase
resulted in physiological drought (Hasegawa et al., 2000; Munns, 2002; Zhu, 2007).

A saline-sodic soil normally does not exhibit strong sodicity symptoms. However, the
management of salinity and sodicity becomes more complicated when both occur in the same
soil together. There is no straightforward solution to solve these complex problems (Makoi
and Ndakidemi, 2007). There are two major approaches sustaining productivity in saline-sodic
environment: 1) modifying the environment to suit the plant, 2) modifying the plant to suit the
environment. Both approaches may use either singly or in combination. The first approach

used more extensively for enabling the plants to respond better (Tyagi and Sharma, 2000).

The saline-sodic environment modified by, drainage, leaching, chemical amendments and
bio-remediation suit for the plant. While the drainage and leaching approaches are difficult
and expensive. Moreover, the leaching without subsurface drainage is applicable only in a
place where the soil moisture content is low and the groundwater table is deep unless it is not
feasible (Siyal et al., 2002; Ahmed and Qamar, 2004; Hanay et al., 2004). The application
chemicals followed by bio-remediation is an alternative way to answer saline-sodic problems

under shallow water table areas (Siyal et al., 2002).

Chemical amendments have a long history of usage for soil reclamation (Qadir et al., 2001).
Gypsum (CaSOas. 2H20) is the most common and relatively economical amendment for
replacing excess Na" from the soil exchangeable sites by the provision of readily available
source of Ca?* (FAO, 1988; Gupta and Abrol, 1990; McCauley and Jones, 2005). Because
Ca2" has a stronger charge than Na*and it replaces Na* on the exchange site in the form of
leachable Na;SOa.



This Na>SO4 form is easy to be removed, either by downward leaching or susceptible to
upward absorption by halophytic grasses (Qadir et al., 2001; Pitman and Ld&uchli, 2002;
McCauley and Jones, 2005; Bennett et al., 2014). To avoid resodification in saline-sodic
areas, replaced Na,SO4 should be absorbed from the root zone using salt-loving halophytic

species.

Several studies including in Ethiopia indicate bio-remediation by growing halophytic grasses
(Panicum and Rhodes grass) is the most cost-effective and environmentally friendly approach
to bring salt-affected soils back into production (Qureshi et al., 2018; Ashenafi et al., 2019).
This approach is relatively easy for applicable in large irrigation areas to improve soil
porosity, enhancing the rate of percolation of water, absorbs soil salinity and sodicity
(Kushiev et al., 2005). Moreover, the grasses absorb Na® ion from soil to maintain turgor
(Qadir et al., 2003). In addition, it can improve the livelihood of rural peoples living in arid
and semi-arid climatic zones by enhancing feed and fodder production (Hameed and Ashraf,
2008; Qureshi et al., 2018). The Panicum and Rhodes grasses have a chance and offer a useful
approach for obtaining a good biomass yield in salt-affected lands. Salinity for such species is
advantageous to the crop rather than to the tolerance of the crop to soil salinity (Masters et al.,
2007).

In Ethiopia, many researches have done at Amibara, Melka Sedi and Melka Werner dryland
irrigation areas for reclaiming saline-sodic soil either using gypsum with leaching or by
halophytic species alone (Fantaw, 2018; Qureshi et al., 2018; Ashenafi, 2019). For a
successful reclamation of saline-sodic soil by the integrated approaches of halophytic species
with chemicals is a newly emerging idea for many countries like Egypt and Pakistan in recent
decades, but not practiced in Ethiopia. The combined application of gypsum with halophytic
species not only increases the salinity and sodicity reclamation efficiency but also reduces the
time of reclamation than the single used amendments (Swarp, 2004; El-Fattah, 2011; Mahdy,
2011; Ghafoor et al., 2012)



1.2. Statement of Problem

The problems of salt-affected soils are long-standing, but their magnitude and intensity have
been increasing fast due to the establishment of large-scale irrigated farms in recent decades.
The salinity induced problems are not associated with natural resources degradation, but they
do affect the country’s economy as a whole (Fantaw, 2007; FAO, 2009).

Currently, there is a rapid population growth, which requires large food demand. Irrigation
development is the only solution to meet the food demand of an ever-growing human
population (Ladeioro, 2012). The increasing demand for food and agricultural raw materials
needed for future studies to optimize the utilization of soil and water resources is very
important and urgent. Besides, Tesfaye and Fassil, (2011) reports that the limited capacity of
rain-fed agriculture to sustain crop production due to erratic nature of the rainfall has
persuaded farmers to look for alternative ways of improving the availability of food.

In Raya-Kobo Valley, largescale irrigation infrastructure had already made and it has highly
abundant resources with respect to groundwater, fertile land and livestock potential
(Getahun, 2014). Nevertheless, there has been a challenge to agricultural production and 500
ha of irrigable land being entirely out of production due to salinity and sodicity effect. This
coverage indicates only for Golina-Adisalem irrigation scheme, it denuded above eight years.
Regarding, the salinity expansion also going up and the sustainability of irrigated agriculture
in the valley as the hole threatened by salinization (Sisay et al., 2016; Merse, 2018). This
relatively recent agricultural threat has not received much attention yet, and there has never
been a comprehensive management of the salt-affected problem in the study area. Therefore,
new insight should be captured as salt-affected soils rehabilitated and managed. Transforming
of salt-affected irrigated lands into agricultural purposes for economic use was a special

preference for this study.

In the Golina-Adisalem irrigation area, the water table remains shallow to the surface
considered as the main constraint to apply leaching experimental trial. For this study, vertical
leaching was substituted by upward absorption using salt laving halophytic grasses with and

without gypsum.



1.3. Objectives

1.3.1. General Objective

» To evaluate the possibility of using gypsum soil amendment and halophytic grasses on
the efficiency of reclamation processes (on modification of properties of saline-sodic

soil).
1.3.2. Specific Objectives

» To evaluate the effects of gypsum and halophytic grasses on chemical properties of
saline-sodic soil (on soil salinity and sodicity induces)

» To evaluate the effects gypsum and halophytic grasses on infiltration rate of salin-sodic
soil

» To evaluate the effects of gypsum on the performance of halophytic grasses

» To determine the effects of gypsum soil amendement on the quality of local

groundwater.



1.4. Significance of the Study

This study provides lessons for salt-affected irrigation schemes in general, and particularly for
irrigators in Raya Kobo Valley. The output of this study contributes to uncultivable land to
make fit for cultivation for suitable agricultural production. It provides as a guideline and the
bases for future research about soil salinity and sodicity management in Raya-Kobo Valley. It
helps farmers to obtain acceptable yield and attaining food security by bringing back salt-
affected irrigation fields into production for a better tomorrow. It has a great role in the
restoration of saline-sodic soils for sustainable agriculture and conservation of environmental
quality. It is imperative to find ways to ensure highly productive land-use systems for

sustainable and effective utilization of scarce soil and water resources.
1.5. Scope of the Study

Contextually, the scope of the study was limited only evaluating the effects of halophytic
grasses and agricultural gypsum on soil salinity and alkalinity parameters (pHe, ECe, SAR and
ESP) and the effects of gypsum on the performance of halophytic grasses for two cropping
seasons. Geographically, the study addresses two locations (Golina-Adisalem salt-affected
irrigation project and Raya-Kobo non-saline irrigation research station) within Raya Kobo

Valley.
1.6. Hypothesis of the Study

1.6.1. Null Hypothesis:

The application of experimental treatments (reclamation method and ameliorative species)

have no effect on improving the salt-affected soils and performance of grasses.



2. LITERATURE REVIEW

2.1. Origin and Distribution of Salts

All soils and irrigation water whether from canals or underground pumping, those including
considered in very good quality, contain some dissolved salts. Salts are common and the
necessary component of the soil and many salts (e.g. nitrates and potassium) are essential plant

nutrients. However, it accelerated by crop irrigation (Kotuby et al., 2000).

In the world, nearly half of the irrigated surface seriously affected by salinity and/or secondary
alkalinity (Flagella et al., 2002). Beltran et al., (2005) estimate 0.25-0.50 million ha of
irrigated lands had gone out of production in the world every year due to salts buildup. Munns
and Tester, (2008) stated that worldwide 1.5 million ha taken out of production each year due
to high soil salinity. Elderly and Garcia, (2008) indicated that the spread of salinization at a
rate of up to 2 million ha a year is offsetting a good portion of the increased productivity

achieved by expanding irrigation.

Salinization is recognized as the main threat to environmental resources and human health in
many countries; affecting almost 1 billion ha worldwide/globally representing about 7% of a
country like Venezuela or 20 times the size of France (Metternicht and Zinck, 2003). It has
been predicted that damaging global effects of increased salinization of arable lands could
result in a 30% loss of productive land in the next 15 years and up to 50% by 2050 (Wang et
al., 2003). FAO, (2009) estimated that soil salinization cost the world’s farmers $11 billion a
year in reduced income. Similarly in the Ethiopia arid and semi-arid lowlands and Valleys of
the country affected by major salinity and sodicity problems (Yonas, 2005).

The amount of such salts stored in the soil varies with the soil type, being low for sandy soils
and high for soils contain a high percentage of clay minerals. It also varies inversely with
average annual rainfall (Sultana et al., 2001). The source of salts in salt-affected soils comes
from two main sources viz; primary or natural sources and secondary or human factors
(FAO, 2000; Michael and Paul, 2002; Horneck, 2007).



2.1.1. Primary salinization

Salts formed naturally in the soil and water at all the humid and arid regions of the world
(Molatakgosi, 2006). Primarily salinities formed by the accumulation of salts over long
periods, through natural processes, in the soil or groundwater. The first is weathering of parent
materials containing soluble salts. Weathering processes break down rocks and release soluble
salts of various types, mainly chlorides of sodium, calcium, magnesium and to a lesser extent

sulfates and carbonates. Sodium chloride is the most soluble salt (Podmore, 2009).

The second is the deposition of oceanic salt carried in wind and rain. 'Cyclic salts' are ocean
salts carried inland by wind and deposited by rainfall are mainly sodium chloride. Rainwater
contains from 6 to 50 mg/kg, the concentration of salts decreases with distance from the coast
(Podmore, 2009).

2.1.2. Secondary salinization

Results from human activities that change the hydrologic balance of the soil between water
applied (irrigation or rainfall) and water used by crops (transpiration). Anthropogenically
induced salinity is human-caused factors, mainly by improper methods of irrigation. Lack of
drainage facilities, inappropriate application of fertilizer, industrial wastes and application of
poor quality water for irrigation resulted in a gradual salt build up in the soil (FAO, 2000;
Fantaw, 2007).

In semi-arid zones, soil salts tend to accumulate in the upper soil profile, especially when it is
associated with insufficient drainage or where soluble salts move upward in the soil profile
and left behind as the water evaporates (Owens, 2001). As groundwater is polluted and
recharged, at about two meters below the soil surface the salts move upwards through
capillary action (Podmore, 2009) making it potentially hazardous.

Sardo, (2005) has revealed that an increase in groundwater levels due to excessive irrigation
has caused salinity development in these soils. In irrigated areas of arid and semi-arid regions,
the upward motion of capillary water is generally greater than the downward motion and it
facilitates the buildup of salt in soil profiles due to the large evapotranspiration rates.



2.2. Classes of Salt Affected Soils

2.2.1. Saline soils

Many peoples define soil salinity in different ways. Yadav et al., (2011) stated that since salt
injury depends on species, variety, growth stage, environmental factors, and nature of the salts,
it is difficult to define saline soils precisely. Ramoliya and Pandey, (2002) defined saline soils
as soil that contain sufficient salt in the root zone to impose the growth of crop plants. A saline
soil also defined as having a high concentration of soluble salts, high enough to affect plant
growth. It is the accumulation of salts (often dominated by sodium chloride) in soil and water
that affect human and natural assets (e.g. plants, animals, aquatic ecosystems, water supplies,

agriculture and infrastructure) (YYadav et al., 2011).
2.2.2. Sodic (Alkaline) soils

Sodic soils contain low soluble salts than saline or saline-sodic soils but relatively high in
exchangeable Na* than other cations. These soils contain HCO®* and COs% as the dominant
anions (Qadir et al., 2003). Sodic soils characterized by electrical conductivity less than
4 dS m? at 25 °C and the pH readings usually range between 8.5 and 10 with ESP value
greater than 15 %. In sodic soils, the presence of hydrolysis of the exchangeable Na* often
causes a rise of pH as higher than 10 (Conway, 2001; Jim, 2002). These soils frequently occur
in semi-arid and arid regions, often referred to as “slick spots”. The combination of high levels
of Na*, low total salts and high pH causes a breakdown of soil aggregates and swelling of

clays. This results in poor soil structure that makes poor tilth (Conway, 2001; Denise, 2003).
2.2.3. Saline-sodic soils

These soils formed by combined processes of salinization and alkalization. It has some
different properties from both saline and sodic soils (FAO, 1999 and Yu et al., 2010).
Saline-sodic soils contained both excessive quantities of soluble salts and exchangeable Na*
that interferes with the growth and production of most crop plants (USSLS, 1954).



Table 1. Most widely used classes of salt-affected soils

Parameters Normal Saline Sodic Saline-sodic
ECe <4 >4 <4 >4
PHe <8.5 <8.5 >8.5 >8.5
ESP <15 <15 >15 >15
SAR <13 <13 >13 >13

Source, (USSLS, 1954; Horneck et al., 2007)

2.3. Effect of Saline- Sodic Soils on Crops Yield and Soil Properties

2.3.1. Effect of salinity on crop yield

Salinity is one of the most serious factors limiting the productivity of crops with the adverse
effects on germination, plant vigor and crop vyield. High concentrations of salts have
detrimental effects on plant growth and excessive concentrations kill growing plants (Munns
and Tester, 2008).

Many investigators have reported that salinity affects the ability to plant growth, seed
germination and revegetation (Denise, 2003). It influences the plant tissue and cells at
different growth stage that the plant exhibit varying degrees of tolerance to salinity (Ashraf,
2010). Usually, germination or the early growth stages are the most sensitive stage to salinity.
The shoot growth often suppressed more than the root growth by soil salinity. The general
response of plants to salinity is a reduction in growth (Hasegawa et al., 2000; Munns, 2002;
Zhu, 2007).

2.3.2. Effect of sodicity on soil structure and permeability

Certain ions negatively influence soil structure and permeability characteristics result in
retarding plant growth (Joe, 2002). Moreover, Qadir et al., (2005) report sodic and saline-
sodic soils show structural problems created by certain physical processes (slaking, swelling
and dispersion of clay) and specific conditions (surface crusting and hard setting). Such
problems may affect water and air movement, plant-available water holding capacity, root
penetration, seedling emergence, runoff, and erosion, as well as tillage and sowing operations
(Pam, 2002).
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When the sodic clay layer occurs near the surface it often acts as a barrier to roots. Hence,
most roots found in the topsoil above the clay pan, because the movement of water and
nutrients is restricted. Plants on sodic soils usually show a burning or drying of tissue at leaf

edges and stunted growth are common (Pam, 2002).
2.4. Irrigation Water Quality

Most salinity problems in agriculture result directly from the salts carried in the irrigation
water. There are numerous parameters used to define irrigation water quality, to assess salinity
hazards and to determine appropriate management strategies. A complete water quality
analysis includes the determination of; 1) the total concentration of soluble salts, 2) the
relative proportion of sodium to the other cations, 3) the bicarbonate concentration as related
to the concentration of calcium and magnesium, and 4) the concentrations of specific elements
(USSLS, 1954).

2.4.1. Salinity hazard

Water with high salinity is toxic to plants and poses a salinity hazard. High concentrations of
salt in the soil can result in a “physiological” drought condition. Even though, the field
appears to have plenty of moisture, the plant’s wilt because the roots are unable to absorb the
water. Water salinity hazard usually expressed or measured by the TDS (total dissolved solids)
or the ECw (electric conductivity) (Bauder et al., 2007). TDS is sometimes referred to as the
total salinity and is measured or expressed in parts per million (ppm) or in the equivalent units
of milligrams per liter (mg/L). ECw is the capacity of water to pass an electric current.

Table 2. Salinity and sodicity hazard

Types of Salinity Problems

Salinity hazard Affects  Plants Canlead to Saline soil condition
—— _)

Sodium hazard Affects  Soils Canlead to Sodic soil condition
—) [~

Both sodium and Affects  Soils and Can lead to  Saline-sodic soil condition

salinity hazard plants —_—

Source, USSLS, 1954
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2.4.2. Sodium hazard

Irrigation water containing large amounts of sodium that poses a sodium hazard to the soil.
The sodium hazard usually expressed in terms of sodium adsorption ratio (SAR). Continued
use of irrigation water develops a high SAR leads to a breakdown in the physical structure of
the soil. According to Ezlit, (2009) and Dhembare, (2012), sodicity is common in soils
irrigated with water containing considerable bicarbonate and carbonate which raises soil pH
resulting in the precipitation of divalent cations and an increase in the relative sodium

concentration.
2.5. Soil Salinity and Sodicity Induces

Electrical conductivity (ECe), soil reaction (pHe), sodium adsorption ratio (SAR) and
exchangeable sodium percentage (ESP) are the most widely used and universally accepted

parameters to explain salinity and sodicity (USSLS, 1954).

2.5.1. Soil reaction (pHe)

Soil reaction (pHe) explained as a “master variable” because it regulates almost all biological
and chemical reactions in soils. The pHe is a measure of soil acidity or alkalinity that indicates
the activity of the hydrogen ion (H*) and hydroxyl ion (OH") in soil solution (Brady and Weil,
2002). The pHe characterizes the chemical environment of the soil and may be used as a guide
to the suitability of soils for various pasture and crop species (Hazelton and Murphy, 2016).

It is a very good guide to some expected nutrient deficiencies and toxic effects
(Brady and Weil, 2002). The values of pHe increased with soil depth because smaller H* ions
released from decreased OM decomposition, which caused by decreased OM content with
depth (Herrera, 2005). Water pH has no direct effect on plant growth but does affect the
availability of nutrient elements in irrigation water, fertilizer solutions and the growing
medium (Maral, 2010). A low pHe may be a result of excess iron and manganese availability
leading to toxicity, or calcium and magnesium deficiencies while a high pH may cause iron
and manganese and other minor nutrients to become unavailable to plants, leading to
deficiencies (Faust and Will, 2002).
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2.5.2. Electrical conductivity (ECe)

The electrical conductivity of the saturation paste extract (ECe) measurement identifies soil
salinity potential (Okalebo et al., 2002). Soil ECe correlates with soil properties that affect
crop productivity, including soil texture, cation exchange capacity (CEC), drainage conditions,
OM content and subsoil characteristics (Robert et al., 2009). Samuel, (2006) reported that ECe

values below or above unity can affect the growth of most crops.

The conditions that facilitated the accumulation of salts on the surface are the absence of
leaching from the surface to lower depths and high evaporation has been responsible for the
increasing trend of ECe values on the soil surface. While, leaching of salts by irrigation water
to the deeper layers and absence of rapid capillary rise were responsible for lower ECe value
in the surface layer and higher ECe valued at the bottom layer (Sharma et al., 2004).

2.5.3. Exchangeable sodium percentage (ESP) and sodium adsorption ratio (SAR)

Exchangeable sodium percentage (% ESP) is the amount of adsorbed Na* (meg/100 gm) on
the soil exchange complex to the CEC (meqg/100 gm) of soil. Rao, (1989) reported that the
ESP increased with an increase in SAR. Exchangeable sodium percentage increase with the
increase in soil depth (Yerriswamy, 1996). A trend of increase in ESP from soil surface
downwards has considered indicated initiation of sodiumization process in a downward
direction (Balpande et al., 1996).

Sodium adsorption ratio (SAR) is the ratio of soluble sodium (meg/l) compared to calcium and
magnesium in the soil solution (meg/l) (USSLS, 1954). ESP and SAR increase with increasing
soil depth due to the increased sodium down the profile by leaching action (Abay and
Sheleme, 2012). The extent of dispersion is due to high levels of Na* in soil, but the
complementary divalent cations like Ca®* have the potential to promote flocculation (Keren
and Ben-Hur, 2003).
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2.6. Reclamation and Amelioration of Saline-sodic Soils

Management saline-sodic soils are more complex. However, it can be given a good crop yield
if properly managed. In this respect, the development of most suitable reclamation technology
or a combination of technologies important to optimize better crop yields in saline-sodic soil.
The management approach of soil resources needs to be multidimensional and must take into
account the biophysical and environmental conditions of the target area as well as the

livelihood aspects of the associated communities (Makoi and Ndakidemi, 2007).

2.6.1. Chemical (Gypsum) as an amendment

Chemical amendments used for reclamation sodic and saline-sodic soils broadly grouped into
three categories; totally soluble calcium salts, such as CaCly, acids or acid-forming substances,
such as sulfuric acid, iron sulfate, aluminum sulfate, pyrite,... etc and calcium salts of low
solubility (ground limestone). The suitability of amendments for the reclamation of saline or
saline-sodic soil largely depends on the nature of the soil and cost consideration (FAO, 1988).
Gypsum is commonly used as an amendment for the reclamation of saline-sodic and sodic
soils and reduces the harmful effects of high sodium irrigation water because of its solubility,

low-cost, availability and ease of handling (Abdel-Fattah, 2012).

Abou Yuossef, (2001) reported that the application of phosphogypsum in saline-sodic soil
with increasing rate decreased pHe, ECe, ESP and bulk density. Many laboratory and field
studies have reported improvements in both physical and chemical properties after gypsum
use. The benefits include; decreased SAR or ESP due to the improvement of flocculation, soil

aggregate stability and reduced surface crusting (Clark et al., 2007; Chi et al., 2012).

Ahmad et al., (2001) and El-Fattah, (2006 and 2011) reported that ECe, ESP, SAR, pHe and
bulk density decreased with gypsum application. The application of excessive gypsum for
reclamation sodic and saline-sodic soil observed a quick removal of soluble sodium with a
decreased ESP and pHe (Singh and Bajwa, 1991; Khalifa et al., 1994).

Verma et al. (1985) studied the influence of five amendments on reclamation and

physicochemical conditions of black sodic soils. The effects of gypsum application were more
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pronounced and on par with each other and were superior to pyrites and ferrous sulfate
applications. Sharma et al. (2011) studied the effect of gypsum application and growing crops
on an alkali soil. The effect of four years of reclamation showed that there was a reduction in

pH, ECe, exchangeable sodium, dispersion ratio.

In a study conducted by Sharma and Gupta, (1986) for black sodic soils of Barwaha in
Madhya Pradesh noted a reduction in pHe, ECe, and ESP but there was an increase
in exchangeable Ca and Mg contents with an increased dose of amendments. The reduction in
ESP was proportional to the dose of gypsum and pyrites application. Ali et al., (1991) reported
that the SAR decreased significantly with the application of gypsum @ 100 percent GR.

A detailed study conducted by Kumar and Thiyageshwari, (2018) observed that the
application of gypsum and pyrites to sodic soil decreased ECe, pHe and ESP. Patel and Suthar,
(1993) reported that application of gypsum @ 50 percent GR reduced the ESP and ECe from

67.3t0 12.8 and 2.3 to 0.4 dS m in the surface layer, respectively for saline-sodic soils.

Patel et al., (1990) observed that gypsum was superior in reducing the exchangeable sodium
percentage than pyrites for few alkali soils of Ludhiana (Punjab). Similarly, Solaimalai, (2001)
opined that gypsum treatments significantly reduced the pHe and ESP but increased the
exchangeable Ca?* and Mg?*contents of soil at all levels of application than press mud and
pyrites. Gypsum application decreased pHe, ECe, exchangeable Na*, ESP, CO3?> and HCOg3"
contents but increased the organic matter content, exchangeable Ca®* (Maria et al., 2018).

2.6.2. Halophyte plants as phytoremediation

Kelly, (1937), introduced phytoremediation or vegetative bioremediations of sodic and
saline-sodic soils ameliorated using Bermuda grass. Since then many researchers have studied
the potential of plant-based approaches in the reclamation of salt-affected soils
(Qadir et al., 2001; Qadir and Schubert, 2002; Ahmad et al., 2006; Ammari et al., 2008).
Singh, (1998) reported the farming history of the Indian Subcontinent reveals the cultivation
of certain salt-resistant grasses and trees as an important step in the management of salt-

affected soils.
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From scientific research and farmers’ feedback, sodic and saline-sodic soils of highly
productive state ameliorated through a plant-assisted approach called phytoremediation
(Kumar and Abrol, 1984; Mishra et al., 2002; Qadir et al., 2002). Synonymous terminology
for phytoremediation includes vegetative bioremediation, phytoamelioration, biological

reclamation bio-saline agriculture.

As salinity tolerance is a highly complex trait, both physiologically and genetically, it is
hardly surprising that progress in crop breeding for salinity tolerance has been very modest
during most of the 20th century, with no truly salt-tolerant cultivars delivered to farmers
fields (Flowers, 2004). Halophytic species possess a range of highly efficient and
complementary morphological, physiological and anatomical characteristics to combat and

even benefit from a salt-affected environment (Flowers and Colmer, 2008; Shabala, 2011).

Qadir et al., (2002) reported phytoremediation as a plant-based strategy for contaminated
soils, work through the cultivation of specific plant species capable of accumulating ions in
their shoots, thereby removing them from the soil. Salt tolerance refers to the ability of a plant
to maintain growth and metabolic function (including photosynthesis) when exposed to a high
concentration of salt in the soil or irrigation water (Denise, 2003). Even though, plating of
deep-rooted native vegetation used to maintain the water tables below the surface (Podmore,
2009).

The success of phytoremediation requires a greater understanding of the potential of plant
species to withstand ambient salinity and sodicity levels in the soil and water
(Quadir et al., 2007). The growth of many halophytic species is stimulated within a salinity
range of 15-25 dS m™* (Rozema and Schat, 2013). The grasses increase the level of CO, during
roots and microbial respiration in the rhizosphere, which upon dissolution in water acts as a
weak acid and helps in the dissolution of soil calcite (Qadir et al, 2002) resulted in reduction

pHe.

In Ethiopian salt-affected areas, Rhodes grass (Chloris gayana) is the most suitable salt-
tolerant forage crop as compared to other grass species (Ashenafi et al., 2019). Similarly,

Deifel et al., (2006) indicated that Chloris gayana as the most salt-tolerant forage grass.
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The growth of these grasses in salt-affected lands also results in remarkable improvement in
soil quality. Soil salinity generally decreased markedly in all grass treatments from a mean
ECe value of 12.3 to 3.7 dS m™ in the upper 0-30 cm soil layer. Rhodes grass (Chloris
gayana) and Blue panic (Panikum antidotale) were reported as promising grasses for sodic
soils. There was also an improvement in soil pH and bulk density characters resulting from the
growth of salt-tolerant grass species (Akhter et al., 2003).

The Panicum and Rhodes grasses have grown in Awash Ethiopia there is a continuous
decrease in soil sodicity and an improvement in soil physical properties due to the biological
action of grassroots (Qureshi et al., 2018). The grasses have different mechanisms to tolerate
salinity. These include increased root growth, ion exclusion, osmotic adjustment,
compartmentalization, glandular secretion and formation of compatible osmolytes (Marcum,
2007). Removing salt from shoot tissue through different means is associated with overall
salinity tolerance. Thus, the ability to exclude Na* and CI- by their excretion glands of the

abaxial as well as adaxial surfaces of the leaves (Marcum, 1999).

Marcum and Murdoch, (1994) reported that salt gland density and excretion rates of those
grasses increased due to the increases soil salinity. The salinity tolerance achieved by
excluding the Na* and CI" ions from the shoots with the aid of salt glands are a common trait
in grass genotypes. Their excretion response increased when salinity increased up to 32.5 dS
m (Baldwin et al., 2006). Bonales-Alatorre et al., (2013) found that grasses accumulate the
harmful ions in “‘vacuoles’” which account for more than 90% of the plant cell. This helps in
preventing the potential damage that the ions would cause to the proper functioning of the

plant.

Cynodon dactaylon has a wide range of genotypes tolerating various salt regimes hence it is
wise to evaluate them up to seawater level, Ecw = 54 dS m™ or 34,560 mg/L (Duncan and
Carrow, 1999). Similarly, Rhodes grasses have a special preference to adsorb excess Na* than
other ions by its “salt gland” resulted in a significantly decreased ECe, pHe, SAR and ESP
(Kobayashi et al, 2007). All studies indicate the effectiveness of plants to help improve soil

function and productivity under irrigated conditions.
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2.6.3. Combined application Gypsum amendments and phytoremediation

Abdel-Fattah, (2012) studied the efficiency of gypsum, rice and their different combinations
on reclamation of clay saline-sodic soils. The results indicated that all the amendments used
either, singly or in combination decreased the ECe, pHe, SAR, and ESP markedly compared to

control. While the combined application was more efficient than individual application.

llyas et al., (1997) indicated that, in a field experiment conducted at Jodhpur (Rajasthan) on
alkali soils, treatments receiving crop rotation with gypsum application significantly decreased
the pHe, ECe, SAR and chlorides in the top 20 cm soil. Salim et al., (2002) carried out field
experiments using gypsum, calcium chloride and ameliorative rice crop to compare the
relative efficiency for reclamation of sodic soils. Results showed a significant increase in crop
yields and the soil salinity and sodicity decreased.

A lysimeter study was conducted to assess the impact of some crop rotations and gypsum on
amelioration of a calcareous saline-sodic soil irrigated with marginal-quality water (EC =1.0
dS m-1, SAR = 4.2, RSC = 3.1 mmolc L-1). It has been observed that cropping with salt-
loving rice with soil application of gypsum treatment removed greater amounts of sodium
(Na®) from the root zone leaving behind the minimum level of sodium adsorption ratio (SAR)
(Ahmad et al., 2006).

A 3-year saline-sodic soil field experiment was conducted in Pakistan by gypsum, tile
drainage and halophytic species through utilized low-quality irrigation water (EC 2.7 dS m™
and SAR 8.0). The finding suggested that 100% gypsum requirement (G) + Sesbania aculeata
was the most effective treatment with reducing both ECe (24 to 4.6 dS m™) and SAR (120 to
19). (Ghafoor et al., 2012).

2.7. Effect of Gypsum and Halophytic Grasses on Infiltration of the Soil

Gypsum application improves soil aggregates resulted in increases of infiltration rate and total
porosity (Abou Yuossef, 2001). Many investigators have reported that gypsum application
improves water and air permeability (Yu et al., 2014b) due to the decreased surface crusting,
improved flocculation and aggregate stability (Clark et al., 2007; Chi et al., 2012).
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Kumar and Thiyageshwari, (2018) reported that the application of gypsum to sodic and
saline-sodic soils increase in hydraulic conductivity. Ahmad et al., (2001) and El-Fattah,
(2006 and 2011) reported that hydraulic conductivity and infiltration rate increased with
gypsum application. Similarly, the salinity levels in soil solution during phytoremediation
maintain adequate soil structure and aggregate stability that facilitate water movement through
the soil profile and enhance the amelioration process (Oster et al., 1999). The growing salt-
tolerant Rhodes and Panicum grasses in Awash Ethiopia not only provide much-needed forage
but also improve the soils resulting in increased absorption of rainwater, reducing runoff and
soil losses (Qureshi et al., 2018).

A 3 years saline-sodic field experiment in Pakistan indicates that the application of 100%
gypsum requirement (G) + Sesbania aculeata improves the infiltration rates of the soil
(Ghafoor et al., 2012).

2.8. Performance of Forage Grasses in Salt-affected Soil (Biomass Yield and Nutrient

Compositions)

Chaudhry et al., (2001) reported over 40 grass species from the salt range area, many of them
are highly palatable and nutritious. Panicum grass (Cynodon dactylon), Sporobolus arabicus,
Imperata cylindrica, Aeluropus lagopoides and Desmostachya bipinnata dominate the saline
arid habitats. Since these grasses have been growing in the salt range, they expected to be well
adapted against very high salinity. Under high saline soil conditions, planting salt-tolerant
forage grasses and legume crops are more practical than field crops. Field and greenhouse
studies have shown that Karnal grass (Diplachne fusca), Rhodes grass (Chloris gayana), Para
grass (Brachiaria mutica) and Bermuda or Panicum grass (Cynodon dactylon) are highly
salt-tolerant and can be successfully yielded in saline and sodic soils.

Karnal and Rhodes grasses grow extremely well in soils of very high ESP (80 to 90) even
when no amendment is applied. In Pakistan, dry matter yields of 7.5 tons per hectare have
been reported (Chang et al., 1994).
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Studies done by Werer Agricultural Research Centre in Ethiopia during 2011-2014 have
shown promising results in terms of salinity tolerance, biomass yield and ameliorative effects
for four forage crop species, that is, Cinchrus species, Panicum antidotal, Sudan grass and
Chloris gayana and 3 legume species Desmodium triflorum, Sesbania sesban and Medicago
sativa (Alfalfa). The biomass yields obtained under saline soil conditions were closely
comparable with those obtained under normal soil conditions (EIAR, 2016).

Under saline stress condition Chloris gayana (Rhodes grass) gave the highest mean fresh
biomass yield (127 tons/ha/year), closely followed by Cinchrus species (118 ton/ha/year). Dry
matter yield obtained under saline soil was also higher in Chloris gayana (36 tons/ha/year) and
Cinchrus species (37 tons/hal/year) than both Panikum antidotal (30 tons/ha/year) and
Sudangrass (27 tons/ha/year) (EIAR, 2016). Based on Kumar and Abrol, (1983) yield of five
grasses in response to three levels of gypsum application in a highly sodic soil (ESP is 90)
relative to their respective yields under normal, soil conditions; Karnal and Rhodes grass
grasses gave high yield even in the control plots (no gypsum) indicated its high tolerance of

sodic conditions.

Al-Khalifah, (2004) studied the response of Cynodon dactaylon grasses at two salinity levels
(4.6 and 10.72 dS m™*). The higher amount of biomass appeared at high salinity by tolerated
the increased salt concentration in the soil and showed good forage quality with respect to
color. Similarly, Pessarakli et al., (2008) found that the canopy color changed to lighter green
for Cynodon species of (Bermuda grass) as salinity concentration increased.

Temel et al., (2015) studied the performance of some forage grass species in non-saline, saline
and alkaline soil. Based on the result a decrease in crude protein ratio of Cynodon dactylon
and under saline and alkaline soil than the non-saline soil. The higher yields of Cynodon
dactylon (Bermuda grass) in saline vs non-saline soils indicates its greater salt tolerance. This

higher soil salinity did not affect the chemical composition or crude protein content.

A field experiment was carried out at the University of Agriculture, Faisalabad (Pakistan)
during 1988-90 to evaluate the comparative efficiency of chemical and biological methods for

the reclamation of calcareous saline-sodic soil. From the result, Sesbania and kallar grass were
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found to be effective biotic materials for soil reclamation. These plant species produced
substantial biomass and also improved the soil environment by lowering the EC and SAR of
the soil (Ahmad et al., 1990).

2.9. Effect of Gypsum on the Performance of Halophytic Grasses

Gypsum application in different doses (0, 25, 50, 75, 100 and 200 % of the gypsum
requirement) increased the forage yield of Rhodes grass by 9.8 to 25.3 % and that the Panicum
grass by 10-80 % over control. The maximum increase occurred with the application rate of
200 % of GR in both cases (Khattak et al., 2007).

A field experiment to study the effect of 5 gypsum levels (0,3,12, 6.25, 9.37 and 12.50 t/ha) on
the performance of 5 forage kinds of grass NB 21 hybrid Napier, Para grass, Setaria grass,
Guinea grass (Panicum maximum) and Anjan grass was conducted in saline-sodic soil having
pH of 10.5. The result indicated that the survival percentage of all the grasses increased with
increasing gypsum dose except for Para grass. At 12.5 t/ha gypsum level there was a
significant increase in the number of tillers, forage yield and plant height compared with the

control and small amount gypsum received experimental treatments (Kumar, 1988).

Ali et al., (2007) reported that forage biomass production mainly depends on the amount of
gypsum application and seasonal climatic variation. They stated that the application of
gypsum in increasing dose was more increases grass yield and yield components. On the other
hand, the average cutting effect of grasses as observed in the experimental field indicates that
the cuts occur during the rainy season are favorable for plant growth. Similarly, when the
humidity and warm temperature exist, generally gave higher biomass yields than those

obtained from cuts taken in either summer or winter.

Yilmaz et al., (2009) have a similar experience reported that the effect of gypsum application
on forage performance was greatly influenced by time, space and season. A long term field
experiment was started in 1979 to study the effect of 3 levels of gypsum, 0, 5.2 and 10.4 t/ha
on the performance of 5 perennial forage grass species, Rhodes grass, Blue panic, Kamal

grass, Coastal Bermuda and Panicum grass on a highly alkali soil having an initial pH 10.6 in
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Gudha village of Kamal district. The result indicated that forage yield survival percentage of

grasses as the application of gypsum increased (Maestre et al., 2001).

George et al., (2004) reported that gypsum application increases grass yield (by 32-52 %) and
it's quality. Repeated application of gypsum at Rhodes and Burmudagrass did not affect the
growth or soil physical properties, even though appreciable Na was supplied in the irrigation

water.
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3. MATERIAL AND METHODS

3.1. Description of the Study Area

3.1.1. Location

The sites identified for the study are located at different irrigation schemes of Golina-
Adisalem and Kobo irrigation research station Raya Kobo Wereda, Eastern Amhara Regional
State. These two adjacent irrigation schemes are located at 570 km in the North of Addis
Ababa and 50 km from Woldia town to the Northeast direction. It is geographically, situated
between 12.03°-12.08° N latitudes and 39.28°- 39.42° E longitudes. Topographically, the area
iIs a flat plain at an altitude of 1470 and 1368 m.a.s.l. for Kobo irrigation research experimental
site (normal field) and Golina-Adisalem salt-affected field respectively. Both sites were

irrigated with groundwater sources.
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Figure 1. Location map of the study area

The Ambhara region in Ethiopia; Raya Kobo Wereda in Amhara region; Golina-Adisalem
(salt-affected) and Kobo irrigation research site (normal) in Raya Kobo wereda; Raya Kobo
Wereda.
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3.1.2. Climate

The average annual rainfall is 644.08 mm, characterized as a bimodal rainfall pattern (from
Kobo Metrological Station, 2002 - 2018) with two distinct rainy seasons. The main rainy
season called “Kiremt” that extends from mid-July to early September, while the short rainy
season “Spring” (from March to mid-May). Due to the early secession, uneven distribution
and erratic nature of rain resulted in recurrent drought and crop production mainly depends on
irrigation. Surface and groundwater development is the one component to diversify the
agricultural system of the area in a place where there is a good potential of groundwater
(Getahun, 2014). The annual mean minimum and maximum temperatures are 8.49 °C and

36.58 °C respectively with the annual mean monthly rainfall 53.67 mm.

E=dRF(mMM) ==Min TEMP =@=Max TEMP

240 - - 40
210 A L 35
— 180 - L 30 o~
e Q
£ 150 - -5 2
XS ©
= 120 A - 20 8
3 £
90 - 15 1
60 - L 10
30 - uu L5
O_Euuu uuu_o
[ o] ] — > [ — (@)] o = > [&]
T 2 s < &332 836 2 4

Figure 2. Mean monthly rainfall (mm), maximum and minimum temperatures (C°) of the
study area (2002 — 2018)
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3.1.3. Drainage systems of Golina-Adisalem irrigation scheme

The major drainage systems in Golina-Adisalem salt-affected irrigation scheme is associated
with rivers within the valley plains. The rivers in the valley originate from the western
mountains. There is high drainage density in the western highlands and low both in the valley
floor and eastern highlands. All rivers (Golina, Hormat and Kelkelit) and streams carry large
volumes of sediments from the mountains in the rainy seasons and deposit on the valley plain.
The valley classified into two major sub-basins namely, Hormat- Golina and Kelikelit-Woylet
sub-basins. The Hormat-Golina basin constitutes the drainage systems of Hormat and Golina.
However, during rain, Woylet and Kelkelit lose their discharge in the plain before joining the
Golina River that ultimately discharges through the Golina gorge to the Afar depression
(Getahun, 2014; Merse, 2018).

3.1.4. Pumping well characterstics of Golina-Adisalem irrigation scheme during the
design period

Based on KGVDP, (2009) report, that the well depth below the ground (117 m), Casing

diameter (254 mm), Static water level (8.00 m), Dynamic water level (19.24 m), Pumping test

rate (50 I/s), Draw dawn (11.24 m), Production yield (50 I/s), Pump position during pump test

(51 m) and Recommended pump position (51 m).

3.1.5. Preliminary results of the hydrogeological formations of Golina-Adisalem
irrigation scheme

The groundwater hydrology and geological formations of Golina-Adisalem salt-affected

experimental area studied using ABEM surveying instrument, it had integrated systems of

receiver and transmitter (Figure 3). Stainless steel electrodes and reels with cable used to

inject an electric current into the ground and receive the required signal. Portable walkie-talkie

radios for communication purposes and GPS instrument used to navigate and locate the

observation points also used.

The resistivity measurements was carried out at the three VES (vertical electrical sounding)
points for 1000 m length in N-S azimuth up to the depths of 400 m.
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The observed resistivity data were interpreted in terms of layer parameters (depth and true
resistivity) using the IPI2WIN 2.1 software.

From the result (Figure 4), unconsolidated deposit marked by resistivity values ranging from
5.72 to 7.56 Ohm-m extending to a depth of 35 m could be attributed to silt with coarser sand.
The lower margin resistivity value (5.72) is attributed to finer deposit and the resistivity value
of 7.56 Ohm-m is associated with a coarser deposit. Underlying the unconsolidated deposit, a
layer characterized by resistivity values ranging from 8.7 up to 13.2 Ohm-m, is the response of
highly weathered and fractured basalt which extends to a depth of 130 m. The third layer
revealed a relatively higher resistivity values ranged from 15.2-20.1 Ohm-m which extends to

a depth of 400 m, is the responses of slightly weathered and fractured basalt.

Figure 3. Hydrogeology surveying using ABEM instrument
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Pseudo cross-section

Figure 4. Interpretation geo-electrical section of the three points (VES-1, VES-2, VES-3)

The lower resistivity of geological unit even in the topsoil layer indicates the presence of
sufficient moisture and the water table remains closer to the surface within 1.6 m depth
(Figure 4).

3.2. Soil Sampling and Preparation

From the two experimental sites, disturbed soil samples collected using auger. At
Golina-Adisalem salt-affected experimental field, soil sample collection mainly takes place for
three consecutive phases as initially (before the experiment), after the first and second harvest.
Thus, before experiment 20 composite soil samples collected by two-way diagonal sampling
technique and at each experimental plot after the first and second harvest. In the non-saline
(normal) irrigation scheme of Kobo research site, soil samples collected only once (before the

start of the experiment) to describe the selected physicochemical characteristics of the site.

The sampling depths were 0-20, 20-40 and 40-60 cm for soil chemical analysis and an
additional 60-100 cm depth examined for physical analysis to scheduled irrigation water up to
maximum rooting (100 cm) depth of forage grasses (Allen et al., 1998). The subsurface soil
sample (20-40, 40-60 and 60-100 cm) were collected at the same spots, in place where surface

samples collected.
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Most researches focused on keeping the main root zone salinity resulted, the salinity and
sodicity dynamisms of Golina-Adisalem salt-affected irrigation scheme (pHe, ECe, SAR and
ESP) were monitored up to the active rooting zone (60 cm) (Tyagi, 2001). Similarly,
undisturbed soil samples from those depths collected using core sampler. During sample

collection, dead plants, forest litter, and animal dungs excluded.

The collected samples transported to the laboratory and spread on a polythene sheet kept for
air-drying at room temperature. The dried soil samples ground to pass-through 2 mm sieve and
mixed thoroughly preserved for further physicochemical analysis in Sirinka Agricultural
Research Center (SARC).

3.3. Soil Analysis

3.3.1. Analysis of selected soil physical properties

The soil physical properties include bulk density, texture, water retention at field capacity
(FC) and permanent wilting point (PWP). Particle size distributions determined by the
Bouyoucos hydrometer method using sodium hexametaphosphate for dispersing agent as
pointed by Sahlemedhin and Taye, (2000).

Soil bulk density obtained from undisturbed soil samples using the oven-dry method by dried
soils for 24 hrs at 105°c and weighed to calculate the dry density using the equation
(Blake & Hertge, 1986).

_ Wq
P =7

(1)

Where py,= soil bulk-density (gm/ cm?)
W4= weight of dry soil (gm)

V.= volume of core (cm®)

The soil moisture content at FC and PWP measured using a pressure plate apparatus by

applying suction pressures of 0.33 and 15 bar, respectively.
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3.3.2. Analysis of selected soil chemical properties

Exchangeable cations (Ca?* + Mg?* and Na*) and anions (CO3?> HCO3" and CI") determined
from the extraction of neutral normal ammonium acetate. The water-soluble bases (Ca®* +
Mg?* and Na®) analyzed by saturated paste extract using distilled water (FAO, 1999). Both
exchangeable and soluble Na* determined using a flame photometer, on the other hand,
exchangeable and water-soluble Ca?* and Mg?* measured using Atomic Absorption
Spectrophotometer (AAS) by titration. The cation exchange capacity (CEC) analyzed by
neutral normal ammonium acetate method followed the percolation tube procedure

(Busenberg and Clemency, 1973).

The most important parameters for expressed salt-affected soils are soil reaction (pHe),
electrical conductivity (ECe), exchangeable sodium percentage (ESP) and sodium adsorption
ratio (SAR) (USSLS, 1954; Qadir and Schubert, 2002; Gonzalez et al., 2004; Horneck et al.,
2007). Soil reaction (pHe) and electrical conductivity (ECe) measured from saturated paste
extract using digital pH-meter and conductivity meter respectively followed the methods as
stated by USSLS, (1954) and FAO, (1999). Exchangeable sodium percentage (ESP) is the
amount of adsorbed Na* on the soil exchange complex to the CEC of soil and sodium
adsorption ratio of the saturation extract (SAR) is another parameter, indicates the proportion
of water-soluble sodium to calcium plus magnesium in the soil. ESP and SAR computed from
the derived parameters by the equation (USSLS, 1954; Miller & Gardiner, 2007):

Exchengeable Na*
CEC

ESP =

+ 100 (2)

soluble Na™*

SAR = ————— (3)

,(Ca2++Mg2+
2

Where Exchengeable Na* = cmole (+)/kg, meq/100 gm or meg/I
CEC = cmole (+)/kg, meg/100 gm or meg/I
Soluble Na* = meg/I
Ca?t + Mg?* = meg/l
ESP (%) and SAR (unitless)
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3.4. Determination of Gypsum Requirement and Application Procedure

Before determining the amount of gypsum required to replace soil exchangeable sodium; the
initial ESP, desired final ESP, purity, bulk density, cation exchange capacity (CEC), reclaimed
depth of initial soil and its application were considered (Lamond and Whitney, 1992). Then,
the upper 0.2 m soil layer tilled to break up hardpans for enhancing the downward flow of
water. The amount of gypsum (CaSO4. 2H,0) required to replace 1 meq of Na* per 100 gm of
soil for restoring the top 0.2 m soil layer was calculated using the equations below (FAO,
1988):

__ CEC+d*pb«0.081 (ESP, -ESPy)

f (4)

Where G = Amount of gypsum required in t/ha in a layer (soil depth) of d meter,

G

CEC = Cation exchange capacity in meqg/100g or [cmole (+)/kg] of soil,

d = Reclaimed soil depth (m),

pb = Bulk density of soil in kg/dm® or Mg/m? or ton/m?®,

ESP, = Actual (initial) ESP of the soil as determined by analysis,

ESP, = Final ESP or threshold arrived at after reclamation, usually (5-10%),
However, 10% used for this experiment and

f = Efficiency (purity) of gypsum application in (100 %).

__ ESP,—ESP¢
o 100

G * CEC * yz (5)

Where G =Amount of gypsum required in ton/ha for restoring soil structure (0.2 m layer),
ESP, = Actual (initial) ESP of the soil as determined by analysis,
ESP; = Permissible or final ESP arrived at after reclamation,
CEC = Cation exchange capacity in meq/100g [cmole (+)/kg] of soil and
yz = Amount of gypsum required in ton/ha to replace 1 meq of Na per 100 g soil in a
0.2 m thick.

The formula given above is only a rough approach to estimate the amount of gypsum for

replacing exchangeable Na* (FAO, 1988). However, overall, gypsum efficiency is dependent
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on the rate of application, the duration of the study and the amount of water available to
solubilize gypsum provide mobility of Na* to lower horizons (Breker, 2016). Therefore, four
gypsum levels as 0 %, 75%, 100% (calculated gypsum) and 125 % were validated under field

condition.

Prior to planting 20 days before those gypsum levels mixed thoroughly for a 20 cm soil layer
using local maresha and the soil moisture was monitored up field capacity to facilitate

reaction.

===

Salt-Affected Field (White Salt Crust)

Gypsum application &=

Figure 6. Gypsum application

Table 3. Properties of amendment

Gypsum (CaS0a. 2H;0) pH Purity [%]

7.8 100

*obtained as a by-product of gypsum manufacture Adigudom, (2018).
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3.5. Determination the Effects of Gypsum and Halophytic Grasses on Infiltration Rate

The infiltration test was done after termination of the experimentation (after 131 days) from
each experimental treatment using a double-ring infiltrometer with diameters of 30 and 60 cm.
The outer and inner rings were installed into 15 cm soil depth by hammering. The tests had
been started in the inner ring by ponding water up 8 cm depth. At the same time, the water
added to the space between the two rings which approximated the same depth used as a buffer
for preventing the lateral movement of water. During recording, the water level in the inner
cylinder and stopwatch were used. The process continued until the drawdown of the water

level was the same over the same time interval.
3.6. Determination the Effects of Gypsum on the Local Groundwater

Based on Lebron et al., (1994) stated that substitution of exchangeable Na* by Ca?* produces
soluble sodium sulfate salt (Na2SOa4). This Na2SOg4 is leachable by irrigation water that may
affect groundwater quality (Pitman and L&uchli, 2002). After termination of the
experimentation whether replaced leachable Na,So4 by applied Ca?* source gypsum affects the
quality of local groundwater or not; deep percolated water samples collected from the control
plot and at each gypsum received experimental plots by excavation sampling pits with the
depth of 1.5 m. The electrical conductivity (ECw), total dissolved solids (TDS), soluble Na*,
Ca*2 and Mg*? concentration of the applied irrigation water and the deep percolated water
samples were determined following the procedures outlined by the USSLS, (1954).

The TDS derived from ECw as equation below (Bauder et al., 2007);
TDS (mg/L) = ECw(dS/m) * 640 (6)

Where the ECw < 5 dS/m

TDS (mg/L) = ECw(dS/m) * 800 (7)

Where the ECw > 5 DS/m
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3.7. Determination of Crop Water Requirement

All treatments have been received an equal amount of water, based on the actual soil

condition, crop character and by monitoring daily climatic data.

3.7.1. Determination of reference evapotranspiration (ETo)

Throughout the experimental season, actual daily climatic data (maximum and minimum
temperature, relative humidity, wind speed and sunshine hour’s) and geographical locations of
the experimental site (altitude, latitude and longitude) collected from Sirinka Agricultural
Research Kobo sub-center metrological station. Daily ETo values determined using
Penman-Monteith method Allen et al., (1998) with the aid of a computer-based CROPWAT
8.0 model.

3.7.2. Determination of actual evapotranspiration (ETc)

Daily actual evapotranspiration of the three growth stages, from initial up to mid-season stage

determined by the equation (Allen et al., 1998);

ET, =K, * ET, (8)

Where, ETc= Actual evapotranspiration (mm day™?),
K.= Crop coefficient factor and

ET, = Reference evapotranspiration.

Table 4. Relevant Rhodes and Panicum grass data for first-round irrigation

Growth stage Initial  Development Mid Late Total
Stage lengths (days) 15 15 29 - 59
Basal Crop coefficient 0.5 >> 1.15 -

(Kcb)

Rooting depth (m) 0.4 0.6 1 -

Depletion levels (P) 0.5 0.5 0.5 -
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Becauce, Rhodes and Panicum grasses were grown for forage or hay are perennial and yielded
several times as once planted (Allen et al., 1998). Therefore, the experiment was monitored up

to two harvestings.

As indicated in Tables 4 and 5, the total growing periods of 59 and 52 days for reaching first
and second cutting respectively. The amount of water applied was monitored based on
allowable depletion level (p), growth stage, maximum root depth and crop coefficient factor

(kc) correspondingly.

Table 5. Relevant Rhodes and Panicum grass data for second-round irrigation

Growth stage Initial Development Mid Late Total
Stage lengths (days) 10 15 27 - 52
Basal Crop coefficient (Kcb) 0.5 >> 1.15 -

Rooting depth (m) 1 1 1 -

Depletion levels (P) 0.5 0.5 0.5 -

In the second-round irrigation scheduling, the plant root maintained 1 m throughout the

growing season as once reach in the first-round irrigation.

The basal crop coefficient (Kc,) or tabulated crop coefficient (K tab) used at the standard
climatic conditions, where a daily relative humidity (RHmin = 45 %) and wind speed (uz = 2
m/s). When the daily RHmin differs from 45 % or u. is larger or smaller than 2.0 m/s specific

adjustment had needed by monitoring actual daily aerodynamic data.

Therefore, the actual climatic data throughout the experimental season was monitored and the

crop coefficient values adjusted by the equation (Allen et al., 1998);
h
Kc adj= Kc tab T [0-04(112 - 2) - 0-004(RHmin - 45)](3)0'3 (9)

Where K ,4; = Adjusted crop coefficient,

K. tap = Tabulated crop coefficient,

u, = Mean value for daily wind speed [m s,
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h = Plant height at each irrigation event [m], for 0.1 m <h,

RH,,i, = Mean value daily minimum relative humidity during the growth stage [RH;.

This equation applied only when the tabulated values for K¢ b exceed 0.45. The mean plant

height at each irrigation event obtained by direct measurement.
3.8. Determination of Irrigation Scheduling
Irrigation scheduling indicates how much and when to apply irrigation water.

3.8.1. Determination of net irrigation requirement

For applied the net depth of irrigation water (IR), the daily rainfall data before each irrigation
event was monitored. The depth of irrigation water (IR) calculated using the equation (Allen et
al., 1998);

Where, IR = Irrigation requirement (mm),
ETc= Crop water requirement or actual evapotranspiration (mm) and

P, s = Effective rainfall (mm).

3.8.2. Determination of effective rainfall

The effective rainfall is the part of rainfall that entered the soil and makes available for crop
production. It can be calculated by using the AGLAW or dependable rain formula.

Because, the dependable rainfall is the rain that can be accounted for a certain statistical
probability (Allen et al., 1998);

Posf = 0.6%p—10/3 IfP <73—0 (11)
Py = 08%p—= IfP>T (12)

Where P = Precipitation (mm/month) and

P = Monthly decades of effective rainfall (mm).

35



The readily available water (RAW) is the amount of water that crops can extract from the root
zone without stress. The RAW was determined using the formula (Allen et al., 1998);

RAW =p * TAW (13)

Where RAW = Readily available water (mm),
TAW= Total available water (mm) and

p = Allowable soil moisture depletion (fraction) for each growth stage.

Total available water (TAW) designates the amount of moisture that can be stored in the plant
root zone. However, not all the available soil moisture does easily available to plants. As the
water suction pressure gets closer to PWP, it becomes tightly held by the soil particles
(micro-pores) and the plant suffers because it needs high energy to extract.

TAW = 1000 (“=2) * Dz (14)

Where TAW= Total available water (mm)
FC= Moisture content at Field capacity (% on volume basis),
PWP= Moisture content at Permanent wilting point (% on volume basis) and

Dz= Maximum root zone depth (m).

Stage based irrigation interval was computed by water balance calculations using RAW and

ETc from the expressions below (Allen et al., 1998);

T = RAW (15)

ETc

Where T= Irrigation interval for each growth stage (days),
RAW= Readily available water (mm) and

ETc= Daily crop water requirement (mm day™)

The gross irrigation requirement, IRg, in each irrigation event computed from the expression
(Allen et al., 1998);
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Interval+IR
Ry =~ (16)

Where IRg= Gross irrigation requirement (mm day™?),
IR = Irrigation requirement (mm) and
E, = Application efficiencies of surface irrigation projects ranged from 45-60 %, for
this study undertaking (60%).

3.8.3. Flow time measurement

A 3-inch standard partial flume was set near the up-stream furrows, to monitor the rate of

inflowing irrigation water.

Based on the water head with the corresponded discharge gauged table (Appendix Table 15),
the time required to irrigate the calculated gross irrigation depth for 3 m*3 m (9 m?) plot area

as;

dyzxlxw

t= (17)

6xq

Where ¢ = time in (min),
d,.,=depth of root zone or gross irrigation depth in (cm),
= length in (m),
w=width in (m) and

g=discharge (L/s).
3.9. Experimental Design and Treatments

The experiment consists of two-factors. The first factor corresponded to four levels of
agricultural gypsum (0 % G, 75 % G, 100 % G and 125 % G), while the second factor
corresponded to two ameliorative halophytic grasses (OH, RG, PG).

Using the zero halophytes (OH) provides for constructing the control experimental plot. The
treatments constructed either using the two-factor levels in single and by factorial

combination. Totally 12 treatments were tested using factorial RCBD design with three
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replication. Each, experimental plot sizes of (3m * 3 m = 9 m?) and the distance between
blocks and plots were 2 and 1 m respectively.

The experimentation carried out phase by phase: as the two halophytic grasses (Rhodes and
Panicum) transplanted after 20 days at a pre-treated with gypsum and non-gypsum
experimental plots by their roots. The plant roots obtained from SARC experimental site. The
spacing between rows and plants was 50 and 20 cm respectively (SARC, 2008). Each plot had
six end-blocked furrows with 15 plants in each row as total plant populations of 90 plants

within a plot.

The single and combined experimental treatments constructed as:

Treatment Code Treatment Combination
Tl RG (Chlorosis Guayana) + 0 % G
T2 RG (Chlorosis Guayana) + 125% G
T3 RG (Chlorosis Guayana) + 100% G
T4 RG (Chlorosis Guayana) + 75% G
T5 PG (Cynodo Dactaylon) +0 % G
T6 PG (Cynodon Dactaylon) + 125% G
T7 PG (Cynodon Dactaylon) + 100% G
T8 PG (Cynodon Dactaylon) + 75% G
T9 125% G + OH
T10 100% G + OH
T11 75% G + OH
T12 Control (0% G + 0 H)

Where, *G-  Gypsum requirement,
*0H- No halophytic or without any grasses,
*RG- Rhodes grass- Massava variety and
*PG- Panicum grass- Maxima variety
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RI P1 p2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
T3 Ta Te Tg T T7 Ts T1 To Tu T10 T2

RII P24 P23 P22 P21 P20 P19 P18 P17 P16 P15 P14 P13
T2 T1o To Tu Te Ts Ts T2 T7 Ts T3 T1

RIII P25 P26 p27 P28 P29 P30 P31 P32 P33 P34 P35 P36
Tg Ts T3 Te T1 Ts T7 T2 T1o T1u1 To T12

Figure 7. Randomization of treatments across the replication

Where, R (I, Il and I11), P and T indicates replication number, plot number and treatment number respectively

3.10. Soil Moisture Determination

During the start of stage-based irrigation interval, the initial moisture content was determined and refill up to FC for grasses
establishment. At each irrigation event, the soil moisture monitored 1 day before watering the experimental plot. The wet soil

samples oven-dried at 105°C for 24 hrs. It determined by the expression;

_ Wys—Wgs

Odw «100

ds

(18)

Where 64,,= water content expressed on a weight basis in (%),
W,,s= Weight of wet soil (gm) and

Wys = weight of dry soil (gm).
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The volumetric water content calculated from the gravimetric water content using the
following expression;

0, = Z_b * 04y (19)

Where 6,= volumetric moisture content in (%)
64,,= Water content expressed on a weight basis in (%)
pp= soil bulk density (g/cm?) and

p,,= Water density g/cm?® (1gm/ cm?)
3.11. Evaluation of the Effects of Gypsum and Ameliorative Grasses on Saline-sodic Soil

The reclaiming efficiency of ameliorative grasses (Panicum and Rhodes) and agricultural
gypsum either in single and by the combination of the two-factor levels evaluated using the
analyzed soil salinity and sodicity parameters (pHe, ECe, SAR and ESP) (USSLS, 1954). In

addition, their effects on soil infiltration rates were evaluated.
3.12. Evaluation of the Effect of Gypsum on the Performance of Halophytic Grasses
3.12.1. Effect of gypsum on biomass yield and yield components

Rhodes and Panicum grasses planted at two locations (saline-sodic, normal soil) which have
the same climatic condition but different in soil character. In the saline-sodic field, those
grasses tested at the gypsum received and non-gypsum experimental plots. Planting of grasses
on the adjacent normal irrigation field mainly used as a location-specific standard to compare
the obtained biomass yield and yield-related parameters under saline-sodic soil conditions
with respect to those obtained in normal soil. Planting of those species for both locations
carried out at the same time. The variances like, watering and weeding management practices

applied homogeneously for both experimental sites.

In both experimental sites agronomic parameters like plant height, fresh and dry forage
biomasses recorded from each plot of the four central rows by excluding the border rows and

border plants.
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Panicum grass cut out in full bloom stage (Belesky and Wilkinson, 1983; Burton, 1983; Serin
and Tan, 1998) while, cutting of Rhodes grass was at the beginning of the emergence of

panicles (Skerman and Riveros, 1990).

Ten plants per plot were selected randomly and measurements noted 1-2 days before
harvesting by tapping the main stem height from the ground level up to the tip of the leaf using
tap meter. The mean value of ten plants height recorded as plant height of each trial spot.
Similarly, the fresh forage biomass obtained by harvesting the total central four rows plant
population and it oven-dried at 70 C° for 24 hours and weighting using a sensitive balance
instrument to get dry biomass yield (USSLS, 1954). The collected parameters changed from

net plot level to ha base and encoded the data made ready for analysis.

3.12.2. Effect of gypsum on plant tissue quality

Leaf sodium

Marcum, (2007) reported that; salinity and sodicity for grasses considered as an opportunity.
These species can remove soluble salts by root absorption, translocation with their shoots and
transpiration to the opening stomata or absorbed by plant tissues. Whether this species really
uptake ions or not, plant tissue samples collected from both locations (in saline-sodic and
non-saline) and the concentration of Na* ion in the plant tissues been determined.

Crude protein ratio (%)

The nourishing value of forage gasses depends on their nutritional compositions such as crude
protein (CP), ash and fiber contents (Ventura and Sagi, 2013). Crude protein is the most
important element for animal diets that optimize their milk-producing capacity and meat
quality (Al-Dakheel et al., 2015).

The nitrogen content of 0.3-0.5 gm samples obtained from the dried ground plants in both first
and second cutting. It determined by following the procedures outlined by USSLS (1954).
The obtained nitrogen ratios multiplied with the coefficient of 6.25 to calculate crude protein
ratios (Kacar, 1972 and Akyildiz, 1984).
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3.13. Determination of Cost-Benefit Ratio and Net Return Analysis

The cost and benefit of each treatment analyzed partially, yield and economic data for
comparing the advantages of grass varieties treated with and without gypsum. The total cost
mainly includes operating and variable costs. Operating costs (labor, land preparation, and
implement costs) based on the planted area. Variable costs depended on unit gypsum (Li, et
al., 2005). According to CIMMYT, (1988) the average yield was adjusted downwards by 10
%, that the researchers have assumed the obtained yield using the same treatment in

experimental plots and farmers’ fields are different.

3.13.1. Determination of net return (NR)

NR = Gross revenue — Total cost (20)

Where, gross revenue has calculated by multiplying total yield in kg ha* of forage with market
price per kilogram (CIMMY'T, 1988).
3.13.2. Determination of the benefit-cost ratio (BCR)

Is measures the increase in net return (NR) generated by total cost expenditure (TC). It
determined by the equation (CIMMY'T, 1988).

NR
BCR = — (21)
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3.14. Statstical Analysis

The analysis of variance in a two-way ANOVA carried out to explore the effect of
ameliorative grasses and gypsum on pHe, ECe, SAR and ESP. But, the effect of gypsum on
biomass vyield, plant height, crude protein content and tissue sodiums of the eight cropped
treatments were analyzed by one-way ANOVA following the statistical procedure described
by Gomez and Gomez, (1984) using Genstat 15.0. The mean separation performed using least

significant difference (LSD) test at 1 % level and Duncan multiple range (DMRT) tests.
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4. RESULT AND DISCUSSION
4.1. Physical Properties of Saline-sodic Soil at the Beginning of the Experiment

4.1.1. Soil texture

Soil analytical results showed that the textural classes of Golina-Adisalem salt-affected
irrigation scheme vary from silt loam to silty clay loam (Table 6). The average proportions of
clay, silt and sand percentages were 27.6, 57.4 and 15.0 % respectively. Thus according to
USDA soil textural classification, the experimental site revealed as “silty clay loam” soil. The
relatively highest clay content (32 %) obtained at 40-60 cm depth. The increase in clay content
with depth indicates the presence of eluviation and illuviation processes or translocation of
clay particles within the layers. The study in line with Lilienfein et al., (2000) and Buol et al.,
(2003) reported that the accumulation of clay particles in the lower layer contributed by the in-

situ formation of secondary clays.

4.1.2. Bulk density (py,)

The bulk density values ranged from 1.44 and 1.7 gm cm™ for 0-20 to 60-100 cm depth
respectively (Table 6). According to White, (2006) classification criteria, as indicated in
(Appendix Table 11), the experimental site revealed as “compacted soil”. The increasing trend
of bulk density down the depth possibly due to the relatively decreased organic matter content
and the increased exchangeable sodium percentage disperses soil aggregates to promote
maximum compaction. A study in agreement with the earlier findings reported that the bulk
density of soil increases with profile depth, due to the reduced in organic matter and the
increased compaction (Srivastava et al.,1987; Ahmed, 2002; Brady and Weil, 2002;
Pravin et al., 2013). The bulk density increase with increase sodicity due to the dispersive

action of exchangeable sodium (Shakir and Razzag, 2002).

4.1.3. Soil moisture content

The moisture content at FC increased from 28.5 to 30.6 % for 0-20 to 40-60 cm depths
respectively (Table 6). The increased moisture content down the profile up 40-60 cm depth

had been due to the strong association of clay percentage and water retention.
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The study coincided with many findings reported that soils with higher clay content had a
greater water retention capacity and lower permeability than sandy soils (Gupta, 2000;
Abdul-Ghafoor et al., 2004; Rengasamy, 2006; Mostafazadeh-Fard et al., 2008; Seita et al.,
2011). The total available water (TAW) governed by the crop root zone, Fc and PWP (Allen et
al., 1998). In this respect, the total available water (TAW) of the experimental site was 81 mm

for 1 m maximum root depth of grasses.

Table 6. Selected physical properties of the Golina-Adisalem salt-affected experimental site at

the beginning of the experiment.

Particle size distribution o
Soil moisture content

Depth (%) Textural Pb

(cm) class  (gmem®) T FC pwP  TAW
Clay Silt Sand
(%v)  (%v) (mm)
0-20 26.5 52 215 SL 1.44 285 227 11.6
20-40 30 55.5 14,5 SCL 1.58 29.8 21 17.6
40-60 32 58 10 SCL 1.68 306 205 20.2
60-100 22 64 14 SL 1.7 27.8 199 31.6
Average 276 574 15 SCL 1.6 29.17 21 281

Where, SCL- silty clay loam; SL- silty loam; p, — bulk density; gm- gram

4.2. Selected Chemical Properties of Saline-sodic Soil at the Beginning of Experiment

4.2.1. Soil organic matter content (% OM)

The organic matter (OM) content varied within the range of 1.15 to 0.62 % for 0-20 to
40-60 cm respectively (Table 7). Based on the rating of soil organic matter content established
by Takalign et al., (1991) in (Appendix Table 12), the first two soil layers (0-20 and 20-40
cm) categorized within “low OM” range, while the last (40-60 cm) soil column rated as “a
very low OM” content. The relatively higher organic matter content in the upper layers could
be due to the presence of high livestock dung, plant debris and the relatively lower sodium

concentration (Table 7) enhances soil microbial action. The study inline with other earlier
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findings reported as OM content decreases down the depth due to the decreased rooting effect
(Brady and Weil, 2002; Pravin et al., 2013).

Furthermore, the higher sodium in the lower layer affects the plant root action and active soil
microorganisms resulted in decreased organic matter decomposition rate (Walpola and
Arunakumara, 2010 and 2011).

4.2.2. Soil pHe

The relatively high pHe values appeared in the lower layers due to the increase of soluble and
exchangeable sodium concentration (Table 7). Ann and Clain, (2005) have been similar
reports as the pHe values increased down the depth due to the increased exchangeable sodium,
carbonate (COs%) and bicarbonate (HCOsY) ions. Moreover, Tena, (2002) also revealed that
high pHe values could be resulted due to the high concentration of bicarbonate (HCOz3’). The
values of pH increased with soil depth due to the decreased OM content fewer hydrogen-ions
are released (Herrera, 2005). Based on Takalign et al., (1991) in (Appendix Table 13)

classification, that the soil pHe in all layers > 8 categorized as “strongly alkaline” soil.
4.2.3. Soil electrical conductivity (ECe)

The electrical conductivity values relatively higher at the upper (0-20 cm) soil layer and the
values reduced as the profile depth increased (Table 7). It actually associated due to capillary
action and poor drainage practice coupled with high evaporation results a substantial build of
salts at the surface. The study coincided with other many findings they reported as capillary
action and high evaporation promotes salt accumulation at the surface layer (Armstrong et al.,
1996; Seelig, 2000; Mahmood et al., 2001; Owens, 2001; Murtaza et al., 2006; Rengasamy,
2006; Ghafoor et al., 2008).

The electrical conductivity values in the first two soil columns were higher than 16 dS m*
rated within the “extreme saline range” resulted in only salt-tolerant plants grow, most others

show severe injury (Lamond and Whitney, 1992) in (Appendix Table 13).

46



Table 7. Chemical properties of Golina
beginning of the experiment

-Adisalem salt-affected irrigation scheme at the

Concentration

Soil depth (cm)

0-20 20-40 40-60
OM (%) 1.15 0.88 0.62
CEC (meq/100 gm) 20.48 20.1 19.63
Exchangeable cation (meq/100 gm)
Na* 11.27 12.88 13.95
Ca?*+ Mg? 7.89 7.63 7.49
ESP (%) 55.03 64.08 71.06
Soluble cations (meq/l)
Na* 307.5 324.36 345.33
Ca®" + Mg?* 77.6 76.19 74.93
SAR 49.37 52.55 56.42
ECe (dS m™) 20 16.4 11.49
PHe 8.5 8.65 8.77
Exchangeable anions (meq/100 gm)
COs> 0 0 0
HCOs 0 0.05 0.33
CI 4.03 3.55 3.36

Where, OM- organic matter content.

Based on ECe, pHe, SAR and ESP values Golina-Adisalem salt-affected experimental field
has characterized as “saline-sodic” (USSLS, 1954; Horneck et al., 2007).

4.2.4. Exchangeable sodium percentage (% ESP)

The values of ESP appear an increasing trend as increased soil depth ranged from 55.03 to
71.06 % for 0-20 and 40-60 cm soil depth respectively (Table 7). The one reason for the

increasing ESP down the profile should be due to the increases of exchangeable Na* by

leaching from the upper soil layer. The study agreed with other findings that reported the
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exchangeable sodium increases with the increased depth due to the effect of leaching from
upper soil layers (Saikh et al., 1998; Abay and Sheleme, 2012).

Besides, the higher ESP values associated with the decrease of CEC down the depth (Table 7).
A similar experience has been reported by Ashenafi et al., (2010) as CEC tends to decreased
down the depth with the decrease of organic matter content facilitates the ESP increment.
Pansu and Gautheyrou, (2006) revealed that CEC is positively correlated with organic matter
content and it is inversed with sodium. Based on Lamond and Whitney, (1992) classification
criteria in (Appendix Table 13), the ESP values were much higher than 15 % for all soil layers
rated within the “high sodium concentration” it can affect soil structure.

4.2.5. Sodium adsorption ratio (SAR)

The SAR values exhibit increased trend down the depth ranged from 49.37 to 56.42 for 0-20
and 40-60 cm depth respectively. The main reason for increased SAR values down the depth
could be due to the increased proportion of soluble sodium than calcium and magnesium
(Table 7). Many studies indicate that sodium absorption ratio value tends to be higher at lower
depths in saline and saline-sodic soils because of groundwater is the septic tanker of soluble
salt (Keren and Ben-Hur, 2003; Tsegaye, 2009; Abay and Sheleme, 2012). The SAR values
>13 for all soil layers rated within the “high sodium concentration” category which affects soil
aggregates (Lamond and Whitney, 1992) in (Appendix Table 13).

4.3. Physicochemical Characteristics of Kobo Irrigation Research Station (Non-saline;

Normal ) experimental site

The physicochemical characteristics of the non-saline experimental field indicate that the soil
organic matter content ranged from 3.1 to 2.63 % and pHe from 6.75 to 6.92 for 0-20 to 60-
100 cm respectively (Table 8). Based on Takalign et al., (1991) rating criteria, the soil had
“medium” organic matter content and “neutral” in pHe (Appendix Table 12 and 13
respectively). Similarly, thus respective soil layers had the ECe ranged from 0.53 to 0.6 dS m™*
rated within “low salinity” class and a very little chance of injury for all plants (USSLS, 1954;
Lamond and Whitney, 1992).
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The total available water within the maximum rooting zone (1 m) of grasses also 131.78 mm.
Hence, stage-based full ETc maintained throughout the growth stage.

Table 8. Selected physicochemical properties for Kobo (non-saline; normal) irrigation scheme

Depth  Textural oM ECe FC PWP

Py PHe TAW (mm)
(cm) class (gmcm-3) (%) (dSm?)  (%v) (%v)
0-20 CL 1.14 3.1 6.75 0.53 3258 20.53 24.10
20-40 SCL 1.21 2.89 6.81 0.62 33.33 19.50 27.66
40-60 SCL 1.28 2.76 6.79 0.58 3521 19.58 31.26
60-100 SL 1.35 2.63 6.92 0.60 3229 20.10 48.76

Average 33.35 19.93 2131.78

Where, CL- Clay loam; SCL- silty clay loam; SL- silty loam; p; — bulk density; OM- organic
matter.

In considering the ECe and pHe values of the soil, the Kobo irrigation research site classified
as “non-saline” soil (USSLS, 1954; Lamond and Whitney, 1992).

4.4. Gypsum Requirement

The calculated gypsum (100% G) required to amend the top (0.2 m) soil layer for decreasing
initial ESP from 55.03 to 10 % using the bulk density and cation exchange capacity values
1.44 gm cm and 20.48 meq/100 g respectively (Table 6 and 7) was 1.98 ton/ha (= 2 ton/ha).
Most studies have been done outside of the USA and the gypsum rates have ranged from 0.9
to 71. 4 ton ha! (Breker, 2016).

Table 9. Levels or rates of applied gypsum with 100 % purity

Gypsum levels (%) Amount (ton/ha)
0 0

75 1.5

100 (calculated) 2

125 2.5
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4.5. Irrigation Water Requirements of Rhodes and Panikum Grasses

Daily climatic data collected during the growing periods from February 7 to May 27, 2019, at
Kobo Meteorological Station (Appendix Table 2). The total effective precipitation during the
first and second cuttings was 19.03 and 79.55 mm respectively. Based on the output, the
periodic crop and irrigation water requirements were 285.58 and 266.55 mm for first cutting,

while in second cutting those respective demands were 282.83 and 203.28 mm (Table 11).

At the first cutting, crop water requirement (ETc) values relatively low for the initial stage and
increased gradually to development and mid-season stages. These gradual increments resulted
due to the relatively high reference evapotranspiration (ETo) during February and March, the
increased rooting depth and crop coefficient values (Kc). A second cutting, crop water
requirement (ETc) values remain nearly similar throughout the growth stage. Because only the
aerial biomass cuts at first harvest and the plant root remains constant as 1m.
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Table 10. Plant height, Kcy, Kcagj and daily ETo for irrigation scheduling

Date First-round irrigation (First cutting)
Daily ETo (mm/day) Plant height (m) Kchb Kcaj
7-Feb 4.69 0.10 0.50 0.50
13-Feb 4.77 0.15 0.50 0.48
19-Feb 5.08 0.30 0.50 0.49
25-Feb 5.82 0.44 0.72 0.72
3-Mar 5.67 0.59 0.80 0.78
9-Mar 54 0.74 0.87 0.79
15-Mar 6.06 0.88 1.15 1.15
21-Mar 591 1.03 1.15 1.16
27-Mar 5.76 1.16 1.15 1.17
2-Apr 6.1 1.28 1.15 1.16
7-Apr First harvest
Second-round irrigation (Second cutting)

8-Apr 6.13 0.00 0.50 0.50
21-Apr 5.89 0.40 0.69 0.67
30-Apr 5.25 0.60 0.79 0.74
9-May 6.04 0.81 1.15 1.13
15-May 5.89 1.06 1.15 1.10
21-May 5.83 1.33 1.15 1.17
27-May 6.29 1.56 1.15 1.15
30-May Second harvest

Where, Kcp- basaltic crop coefficient; Kcagj- adjusted crop coefficient and ETo-daily reference
evapotranspiration.
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Table 11.Crop and irrigation water requirement for Panikum and Rhodes grass

First-round irrigation (First cutting)

Date Stage ETc RAW T ETc P Peft IR IRg (mm)
(mm/d) (mm) (mm/p) (mm)
7-Feb Ini. 2.35 14.60 6.00 14.07 14.07 23.45
13-Feb  Ini. 2.27 14.60 6.00 13.64 13.64 22.74
19-Feb  Ini. 2.47 14.60 6.00 14.84 10.80 6.12 8.72 14.53
25-Feb  Dev. 4.19 24.70 6.00 25.15 25.15 41.91
3-Mar  Dev. 442 24.70  6.00 26.52 26.52 44.19
9-Mar  Dev. 4.24 24.70 6.00 25.45 25.45 42.41
15-Mar Mid. 6.98 40.50 6.00 41.90 41.90 69.83
21-Mar  Mid. 6.85 40.50 6.00 41.08 41.08 68.47
27-Mar  Mid.  6.74 40.50 6.00 40.42 40.42 67.37
2-Apr Mid.  7.09 40.50 6.00 42.52 22.10 1290  29.62 49.36
7-Apr First harvest Z 285.58 19.03 266.5 444.26
5
Second-round irrigation (First cutting)
8-Apr Ini. 3.07 40.50 13.00 39.85 11.70 6.66 33.18 55.30
21-Apr  Dev. 3.97 40.50 10.00 39.68 49.70 3890 0.78 1.30
30-Apr  Dev. 3.88 40.50 10.00 38.75 38.75 64.59
9-May  Mid. 6.83 40.50 6.00 40.99 40.99 68.32
15-May Mid. 6.50 40.50 6.00 39.00 39.00 65.00
21-May Mid. 6.83 40.50 6.00 4097 38.00 29.54 11.43 19.05
27-May Mid. 7.26  40.50 6.00 4358 800 4.44 39.14 65.23
30-May Second harvest Z 282.83 79.55 203.2 338.79
8

Where, ETc (mm/d) - crop water requirement in mm per day; ETc(mm/p)- crop water
requirement in mm per period; T- irrigation interval; RAW (mm)- readily available water in
mm; P-precipitation; Pefr -effective precipitation; IR- net irrigation requirement; IRg- gross
irrigation requirement.

4.6. Effect of Gypsum and Halophytic Grasses (Rhodes and Panicum) on Infiltration

Gypsum application and growth of halophytic grasses (Rhodes and Panicum) independently

and by combination enhance the infiltration rates of saline-sodic soil over the control

treatment. In contrast, the four gypsum levels the application of gypsum in increasing dose

more increase the infiltration rates of the soil (Figures 8 and 9). It should be associated due to

the replacement of excess exchangeable Na* by Ca?* source gypsum improves soil aggregate

stability.
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The study agreed with many findings reported that gypsum application restore soil aggregates,
water and air permeability due to the decreased of surface crusting resulted in increases of
infiltration rate (Abou-Yuossef, 2001; Clark et al., 2007; Chi et al., 2012; Yu et al., 2014b;
Kumar and Thiyageshwari, 2018). Moreover, Ahmad et al., (2001) and El-Fattah, (2006 and
2011) indicated that hydraulic conductivity and infiltration rate increased with the increased

gypsum application level.

The increasing infiltration rate by growings of Rhodes and Panicum grass could be due to the
uptakes of excess soil Na* by plants and their root action enhances soil porosity for facilitating
infiltration rate. Oster et al., (1999) reported that plantation of halophytic species maintains
adequate soil structure and aggregate stability that improve water movement through the soil
profile. Similarly in Awash Ethiopia growing of salt-tolerant Rhodes and Panicum grasses
under salt-affected soil increases the water absorption rate and reduces runoff losses (Qureshi
etal., 2018).
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Figure 8. Infiltration (intake) vs. time
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Figure 9. Cumulative infiltration vs. cumulative time

In comparing the efficiency of treatments based on their effectiveness in improving infiltration
rate also approximated as «grass + gypsum treatments > plant only treatments ~ gypsum only
treatments > control~. From all combined treatments, more pronounced higher infiltration rates
of 6.3 and 5.92 cm/hr were recorded by treating soils with RG+125% G and PG+125% G
respectively, but the lowest value (1.22 cm/hr) was recorded from the control experimental
plot. A similar experience has been reported by Ghafoor et al., (2012) as the infiltration rate
more increases through the combined application of gypsum and Sesbania aculeata than the
single used treatments. Based on Miller and Donahue, (1997) classification in (Appendix
Table 12), the integrated application RG+125% G and PG+125% G were the most effective
treatment and improve soil infiltration rate from “low to high” compared with the control

treatment.

54



4.7. Effects of Gypsum Amendment and Ameliorative Grasses on Soil Salinity

4.7.1. Soil reaction (pHe)

The ANOVA table showed that the soil pHe in all layers were highly significantly (P < 0.01)
affected by the applied treatments either, in single (halophytic grasses, gypsum application) or
by the interaction of gypsum with halophytic grasses (Appendix Table 3).

After the first and second harvest, all treatment exhibits a sharp falling trend of pHe in all soil
columns compared with the corresponded control treatment (Table 12). In the non-plant
gypsum treatments, the soil pHe decreased as the amount of gypsum increased. This study
inline with Ahmad et al., (2001) and El-Fattah, (2006 and 2011) reported that pHe decreased
with gypsum application. Moreover, Singh and Bajwa (1991) and Khalifa et al., (1994)

reported applied excessive gypsum for reclamation was a quick reduction in pHe.

The non-gypsum grass treatments showed statistically similar in pHe reduction efficiency
(Panicum garass= Rhodes grass). The decrease in pHe by Rhodes and Panicum grass
plantation should be associated due to the removal of soil Na* by the plant resulted in only
minimal Na" remained in the soil. Researches have done in recent decades also suggests that
the possible role of salt-tolerant grasses to decrease soil salinity/sodicity. In addition, it
increases the level of CO: by their roots and microbial respiration acts as a weak acid that
helps for the dissolution of soil calcite to neutralize pHe (Qadir et al., 2002). Moreover, the
salt-tolerant grasses also absorb ions like Na* and CI- considered as food to maintain turgor
resulted in decreased pHe (Ahmad et al., 1990; Qadir et al., 2003).

The efficiency among the two single used factors, 125 % G was highly decreased soil pHe
than the non-gypsum Panikum and Rhodes grass treatments, especially in 0-20 cm depth.
While in 20-40 and 40-60 cm soil columns the efficiency were non-gypsum halophytic grass
treatments > 125 % G. This higher response of gypsum on the topsoil layer (0-20 cm) might
be due to direct application of gypsum on this layer and the last two soil layers received

gypsum indirectly by leaching.
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Table 12. Effect of gypsum and halophytic grasses on soil pHe

Soil pHe in the three layers

Depth (cm) After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 8.52f 7.83° 7.85° 8.54f 7.70¢ 7.70¢
0-20 75% 7.76¢ 7.65¢  7.65% 7.70° 7.47° 7.47°
100% 7.72¢ 7.59P 7.6 7.62¢ 7.36° 7.36°
125% 7.61%¢  7.422 7.422 7.52¢ 7.242 7.232
SE() 0.02 0.03
LSD 0.05 0.06
CV (%) 0.38 0.47
After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 8.59"  7.85%  7.85% 8.66' 7.61¢ 7.61°
20-40 75% 8.15¢ 7.74° 776" 8.01° 7.50P 7.51P
100% 8.07° 7.67° 7.67° 7.93¢ 7.43° 7.44°
125% 7.88¢ 7.532 7.532 7.75¢ 7.282 7.292
SE() 0.05 0.036
LSD 0.10 0.075
CV (%) 0.78 0.58
After first harvest After second harvest
G levels OH PG RG OH PG RG
0 8.75" 7.91¢ 7.944 8.77" 7.81¢ 7.83¢
40-60 75% 8.38¢ 7.84° 7.8° 8.349 7.73¢ 7.70°
100% 8.28f 7.70° 7.71° 8.26 7.61° 7.60°
125% 8.22¢ 7.632 7.632 8.19° 7.512 7.512
SE() 0.02 0.02
LSD 0.05 0.05
CV (%) 0.36 0.35

Where, Mean + SE; SE- standard error; OH- no halophytic grasses plantation; RG- Rhodes
grass; PG- Panikum grass; G- gypsum requirement; LSD- least significant difference; CV-
coefficient of variation. Different letters (a, b, c, d, e and f) indicate a highly significant
difference between treatments and the same letters indicate a non-significant difference

between treatments at a 1% probability level. The rank of letters in ascending order.

56



Regardless of the amendments used, a more pronounced decrease of soil pHe was using all
combined treatments compared to the control, grasses and gypsum single treatments. Among
all combined treatments, application 125% G with Panikum and Rhodes grasses were
substantially decreased pHe values all over other treatments in all soil layers (Table 12). A
study in agreement with Swarp, (2004) and El-Fattah, (2011) findings suggested that
combined application of gypsum with ameliorative plants increased the reclamation efficiency
on soil salinity and sodicity parameters and markedly reduced the time of reclamation than

individual amendments.

Based on the criteria established by Tekalegn et al., (1991) (Appendix Table 13), in 0-20 and
20-40 cm soil layers, the soil pHe changed from “strong alkaline” to “neutral” by applications
of 125% G with Panikum and Rhodes grass compared with the control treatment. While in the
40-60 cm soil column, those treatments were exhibits relatively low soil pHe reduction than
the top two soil layers. It might be due to the presence of relatively higher bicarbonate

concentration in this soil layer inhibit the response of gypsum or act as a buffer.

4.7.2. Electrical conductivity (ECe)

From the analysis of variance (Appendix Table 4) halophytic grasses and gypsum amendment
in single or interaction of halophytic grasses with gypsum in the three soil columns had a

highly significant effect (p<0.01) on electrical conductivity (ECe).

After the first and second harvest, all treatment showed a decreased trend of ECe in all soil
layers compared with the control treatment (Table 13). The salt removal efficiency between
the two grasses were statistically similar (Panicum grass = Rhodes grass). Both Panicum and
Rhodes grasses decreased soil salt concentration due to its high salt uptake potential. Grasses
(Rhodes and Panikum) could uptake and secretion extensively excess salts in their “salt
glands” have been studied (Kobayashi et al., 2007; Kobayashi and Masaoka, 2008; Oi et al.,
2012; Oietal., 2013).

As the rate of gypsum application increases the ECe also decreased (Table 13). The single-use
of 125 % G treatment was significantly lowered the ECe than 75 and 100 % G received
treatments in 0-20 cm soil column.
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However, in 20-40 and 40-60 cm soil columns, 75, 100 and 125 % G did not exhibit
significant response between them. It indicates the efficiency of gypsum down the depth tends

to decrease.

Comparing the efficiency of amendments between the halophytic grasses and agricultural
gypsum in single was, “125 % G > halophytic grasses (Panicum and Rhodes)” in 0-20 cm soil
column, while in 20-40 and 40-60 cm soil columns the efficiency of grasses much higher than
all gypsum rates. The decreased soil electrical conductivity including in the subsurface layers
(20-40 and 40-60 cm) probably due to the improvement of soil infiltration by the applied
treatments. This study coincided with Ahmad et al., (2001) and El-Fattah, (2006 and 2011)
reported that ECe, decreased due to the increased hydraulic conductivity and infiltration rate
with gypsum application. Gypsum has an effect on declining soil ECe up to the reproductive
phase of commercial crops (Islam et al., 2017). Many researchers suggested that ECe
decreased due to ion uptake by plants (Ahmad et al., 1990; Qadir et al., 2003 and 2007).
Moreover, Ghaly, (2002) reported that the role of native grass species decreased the salts/ECe

content within a short period.

The ECe values were highly decreased by all the combined applications of gypsum with
halophytic grasses than the gypsum only (non-plant) and halophytic grasses only (non-
gypsum) treatments in all soil layers. From all combined treatments, application 125 % G with
Panikum and Rhodes grasses were more progressively decreases the ECe than other

treatments.

Based on the rating criteria established Lamond and Whitney, (1992) (Appendix Table 13),
the ECe in 0-20 and 20-40 cm depth changed from “extreme saline” to “moderately saline”,
while in 40-60 cm depth it changed from “highly saline” to “moderately saline”. Swarp,
(2004), Mohammed, (2011) and Ghafoor et al., (2012) reported that combined application of
gypsum with ameliorative plants promotes reclamation efficiency and decreased soil ECe, in a

short period.
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Table 13. Effects of gypsum and halophytic grasses on electrical conductivity (dS m™)

ECe concentration in the three layers (dS m)

Depth (cm) After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 19.92" 14.99 14.599 20.1" 11.929 11.99
0-20 75% 11.879 8.18° 8.37¢ 11.059 7.28° 7.34¢
100% 10.63¢ 7.2 7.17° 10.39° 6.38° 6.33P
125% 9.11¢ 5.552 6.00? 8.73¢ 4,132 4.622
SE(+) 0.31 0.13
LSD 0.645 0.28
CV (%) 3.7 3.58
After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 16.22" 8.32d 8.244 16.31 7.38¢ 7.38¢
20-40 75% 11.48° 7.42¢ 7.41° 10.75° 6.62¢ 6.62°
100% 11.56° 6.68" 6.65° 10.6° 5.76" 5.83P
125% 11.46° 5.882 5.892 10.57¢ 4,942 4,89
SE() 0.1 0.1
LSD 0.2 0.21
CV (%) 2.66 3.09
After first harvest After second harvest
G levels OH PG RG OH PG RG
0 11.36 8.06¢ 8.04¢ 11.40f 7.62¢ 7.63¢
40-60 75% 10.79° 7.144 6.97¢ 10.09¢ 6.53¢ 6.62°
100% 10.63¢ 6.19° 6.12° 10.00¢ 5.48° 5.29°
125% 10.62¢ 5.332 5.322 10.04¢ 4372 4312
SE(%) 0.11 0.20
LSD 0.23 0.41
CV (%) 3.31 6.50

Where, Mean * SE; SE- standard error; OH- no halophytes plantation; RG- Rhodes grass; PG-
Panikum grass; G- gypsum requirement; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, ¢, d, e, f, g and h) indicate a highly significant difference
between treatments and the same letters indicate a non-significant difference between
treatments at a 1% probability level. The ranks of letters in ascending order.

The efficiency of treatments were, 125 % G with Panicum grass = 125 % G with Rhodes grass

and significantly higher all over other treatments (Table 13).
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4.8. Effects of Gypsum Amendment and Ameliorative Grasses on Soil Sodicity

4.8.1. Sodium adsorption ratio (SAR)

The analysis of variance (Appendix Table 5) shows that gypsum application, growing of
halophytic grasses and the interaction gypsum with halophytic grasses had highly significantly
(p<0.01) affect the soil SAR of the saturated paste extract.

After the first and second harvest, the SAR values in the three soil columns decreased by the
application of single and combined amendments compared with the control treatment (Table
14). Among the single-use of gypsum treatments application of 125 % G was highly decreased
the soil SAR than 75 and 100 % G applied treatments. As gypsum application-level increases,
SAR was relatively decreasing (Table 14). The study in line with Ahmad et al., (2001) and
El-Fattah, (2006 and 2011) reported that SAR decreased with gypsum application. Many
laboratory and field studies have indicated that the application of excessive gypsum for
reclamation of sodic and saline-sodic soil observed a quick removal of soluble sodium resulted
in a decreased soil SAR (Ali et al., 1991; Clark et al., 2007; Chi et al., 2012).

In comparing the efficiency of single used treatments independently, halophytic grasses
without gypsum were lowering SAR than the single used gypsum treatments for all soil layers.
This higher SAR removal efficiency of halophytic grasses compared with gypsum could be
probably due to the absorption soluble Na* directly by grasses is the one reason. But,
application gypsum in single only changes the form of soil sodium from exchangeable into
soluble Na>SO4 form; this might be resodified for increasing SAR than the grass treatments.

Ghaly, (2002) reported that the role of native grass species decreased the salinity and soluble
sodium than gypsum application. The plant’s preference for adsorbing Na* over other ions is
an important factor for decreasing SAR (Kobayashi et al., 2007). Many findings suggested
that halophytic plant approach has much potential for the reclamation of salt-affected soils
(Qadir et al., 2001; Qadir and Schubert, 2002; Ahmad et al., 2006; Ammari et al., 2008). In
Awash Ethiopia growing of Panicum and Rhodes grasses has been a continuous decrease in
soil sodicity and an improvement in soil physical properties due to the biological action of
grassroots (Qureshi et al., 2018).
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Table 14. Effects of gypsum and halophytic grasses on sodium adsorption ratio (SAR)

Soil SAR in the three layers

Depth (cm) After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 49.74 2419 24.19¢ | 50.12" 20.68¢ 20.744
0-20 75% 34.609 20.43°  20.55° | 31.249 17.36° 17.27¢
100% 31.12f 16.73°  16.98" | 28.21f 14.14° 14.17°
125% 24.82¢ 13.828  13.66% | 22.06° 11.192 10.782
SE(2) 0.05 0.14
LSD 0.10 0.28
CV (%) 0.77 2.44
After first harvest After second harvest
G levels OH PG RG OH PG RG
0% 53.649 27.219  27.27% | 54.23" 24.12¢ 24.15¢
20-40 75% 38.27f 23.23°  23.54° | 35.45¢ 23.33¢ 23.33¢
100% 34.53° 19.26°  19.54° | 30.67f 19.47° 19.74°
125% 27.51¢ 15.90*  15.70% | 25.64° 16.107 15.812
SE() 0.05 0.37
LSD 0.11 0.76
CV (%) 0.76 1.72
After first harvest After second harvest
G levels OH PG RG OH PG RG
0 56.36' 28.08°  28.05° | 57.29" 28.43¢ 28.29¢
40-60 75% 41.02" 23.54°  24.24% | 41.66° 24.02¢c 24.3°
100% 36.019 19.81°  20.16° | 36.02f 19.83° 20.2°
125% 30.12 16.56%  16.19% | 30.56° 16.572 16.382
SE(+) 0.06 0.26
LSD 0.13 0.53
CV (%) 0.87 1.10
Where, Mean = SE; SE- standard error; OH- no halophytic plantation, RG- Rhodes grass; PG-

Panikum grass; G- gypsum requirement; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, c, d, e, f, g and h) indicate a highly significant difference between
treatments and the same letters indicate a non-significant difference between treatments at a 1%
probability level. The letters ranked in ascending order.

In concerning the effects of treatments, the most effective amendments were combined

application of gypsum with halophytic grasses highly decreases of the SAR for all soil layers

than the single use of gypsum and grass treatments.
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From all combined treatments, application of 125 % G with Rhodes grass decreases SAR by,
78.49, 70.85 and 71.41 % for 0-20, 20-40 and 40-60 cm respectively compared with the
control treatments of each soil layers (Table 14). Panicum grass with 125 % G has exhibited a
similar SAR reduction trend of 77.67, 70.31 and 71.08 % for 0-20, 20-40 and 40-60 cm
respectively compared with the corresponded control treatment. The study coincided with
many findings reported that the integrated application of gypsum with ameliorative species
was the most effective treatment with reducing SAR in a short period than individual
amendments (llyas et al., 1997; Salim et al., 2002; Swarp, 2004; Ahmad et al., 2006;
El-Fattah, 2011; Abdel-Fattah, 2012; Ghafoor et al., 2012).

Based on the criteria proposed by Lamond and Whitney, (1992) in (Appendix Table 13), the
SAR values of the first (0-20 cm) soil layers changed from “highly alkaline” to medium

alkaline using those treatments.

4.8.2. Exchangeable sodium percentage (ESP)

The application of agricultural gypsum and halophytic grasses independently and by the
interaction of gypsum with halophytic grasses had highly significantly (p<0.01) affects soil
ESP for all soil columns (Appendix Table 6).

After the first and second harvest, all treatments highly significantly reduced ESP (Table 15).
At the end of experimentation (after the second harvest), the lower ESP values obtained in
soils with non-plant gypsum (75, 100 and 125%) treatments than non-gypsum halophytic grass
treatments especially in the first two soil columns. In the first two soil columns, the ESP
values significantly decreased with an increased application rate of gypsum and the
reclamation efficiency of gypsum lowers beyond the first two layers (Figure 10). It might be
due to gypsum application directly in the top layer (0-20 cm) highly replaces exchangeable
sodium than non-gypsum plant treatments, while the last soil layer (40-60 cm) receives a small
amount of gypsum by leaching. A study agreed with previous findings indicate that applied
excessive gypsum for reclamation were quick removal of exchangeable sodium resulted in
decreased ESP (Singh and Bajwa, 1991; Khalifa et al., 1994; Abou-Yuossef, 2001;
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Ahmad et al., 2001; Solaimalai, 2001; El-Fattah, 2006; Clark et al., 2007; El-Fattah, 2011; Chi
et al., 2012; Kumar and Thiyageshwari, 2018; Maria et al., 2018).

Table 15. Effects of gypsum and halophytic grasses on soil ESP (%)

Soil ESP in the three layers (%)

Depth (cm) After first harvest After second harvest
G levels OH PG RG OH PG RG
0%G 56.649 45.29 4454" | 57.37 39.99' 38.60"
0-20 75%G  39.56° 26.71° 25.97° | 36.889 18.59¢ 17.63°
100%G  31.64¢ 17.96° 17.41° | 27.97° 13.73° 13.55°
125%G  26.06° 11.992 12.41% | 22.23° 8.942 8.93?
SE(%) 0.56 0.18
LSD 1.17 0.37
CV (%) 2.33 0.86
After first harvest After second harvest
G levels OH PG RG OH PG RG
0%G 65.47" 53.48" 52.339 | 66.22" 50.19 50.359
20-40 75%G 4450 31.55¢ 30.59c | 40.63f 22.62° 22.98°
100%G  39.06° 22.97° 22.43" | 36.263° 14.90° 14.78°
125%G  30.39° 14.86% 14.76% | 26.00¢ 9.14a 8.66°
SE(+) 0.26 0.36
LSD 0.54 0.74
CV (%) 0.91 1.44
After first harvest After second harvest
G levels OH PG RG OH PG RG
0G 72.10' 57.76f 57.00° | 72.26' 50.81° 49.83¢
40-60 75%G  63.55" 35.14¢ 34.869 | 58.66" 25.58° 25.33¢
100%G  60.849 26.32¢ 25.69° | 55.739 17.27° 17.19°
125%G  56.74° 17.122 16.85% | 51.99 9.69° 9.472
SE(%) 0.22 0.29
LSD 0.46 0.6
CV (%) 0.63 0.96

Where, Mean + SE; SE- standard error; OH- no halophytic plantation; RG- Rhodes grass; PG-
Panikum grass; G- gypsum requirement; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, c, d, e, f, g, h, i and j) indicate a highly significant difference
between treatments and the same letters indicate a non-significant difference between
treatments at a 1% probability level. The letters ranked in ascending order.
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Comparing the efficiency of two independent factors in the first two soil columns were,
“non-plant gypsum treatment > non-gypsum plant treatment > control”. In the last soil column

“non-gypsum plant treatment > non-plant gypsum treatment > control”.

In contrasting the applied treatments, the lowest values of ESP were recorded in soils with a
combined application of gypsum with halophytic grasses for all soil columns, while the
control experimental plot has the highest ESP value. This study coincided with Swarp, (2004),
El-Fattah, (2011) and Abdel-Fattah, (2012) reported that combined application of gypsum
with salt-loving species more reduces ESP than the single used amendments.

The overall efficiency of treatments in decreasing soil ESP was ordered as “gypsum and
halophytic grass combined treatments > non-plant gypsum treatments > non-gypsum
halophytic grass treatments > control” in the first two soil columns. In the bottom (40-60 cm)
soil column the efficiency of treatments were, “gypsum and halophytic grass combined
treatments > non-gypsum halophytic grass treatments > non-plant gypsum treatments >

control (without gypsum or grass)”.

Among all combined treatments, application 125% G with Panikum and Rhodes grasses
substantially decrease ESP values in all soil layers. Rhodes grass with 125 % G received
treatment was the most pronounced decreases soil ESP values by 84.43, 86.92 and 86.89 % for
0-20, 20-40 and 40-60 cm respectively compared with the control treatments of each soil
layers. Similarly, Panikum grass with 125 % G also decreases ESP by 84.42, 89.2 and 86.59 %
for 0-20, 20-40 and 40-60 cm soil column respectively contrasted with the corresponded

control treatment.
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Figure 10. Relationships of gypsum levels and ESP in the three soil columns

Where, FH- first harvest; SH- second harvest

4.9. Effect of Gypsum on the Performance of Grasses

4.9.1. Plant height

From the result, (Appendix Table 7) application of gypsum in salt-affected soil had a highly

significant effect (p<0.01) on plant height.
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Gypsum application on salt-affected soils gave much higher plant height than those grown in
non-saline soils in each cutting (Table 16). The study conceded with Al-Khalifah, (2004)
finding reported that the height of grasses not affected by the salinity. From the first harvest
result, the highest plant heights of 143.57 and 142 cm was obtained from Panicum grass with
125 and 100 % G applied treatments respectively. The lowest plant height recorded in the non-
gypsum Rhodes grass treatment as 121.6 and 116.03 cm for non-saline and salt-affected
irrigation fields respectively. In comparing the two kinds of grasses, Rhodes grass has

relatively low plant height.

Table 16. Effects of gypsum on plant height (cm)

Experimental soil Treatments FH SH
Non-saline field RG 121.60° 147.50°
PG 129.63% 157.10¢
RG 116.03" 149.80°
PG 124.20% 157.93¢
RG+75% G 128.20% 158.50°
. . RG+100% G 132.50°¢ 159.00%
Saline-sodic field b od
RG+125% G 138.10 163.00
PG+75% G 138.60% 167.02°°
PG+100% G 142.002 170.60%
PG+125% G 143.572 172.532
SE(%) 3.04 2.07
LSD 6.39 4.34
CV (%) 2.83 1.58

Where, Mean + SE; SE- standard error; FH- first harvest; SH- second harvest; RG- Rhodes
grass; PG- Panicum grass; G- gypsum requirement; LSD- least significant difference; CV-
coefficient of variation. Different letters (a, b, ¢, d, e and f) indicate a highly significant
difference between treatments and the same letters indicate a non-significant difference
between treatments at a 1% probability level. The letters ranked in descending order.

In the second harvest, all treatments gave higher plant height for both experimental sites
compared with the first harvest result. The main reasons for this increment could be probably
due to the increased temperature(Appendix Table2). The relatively higher plant heights of
172.53 and 170.6 cm recorded in Panikum grass with 125 and 100 % G application

respectively.
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4.9.2. Dry biomass yield

The ANOVA table showed Panicum and Rhodes grass cultivation in saline-sodic soil treated

with gypsum had a highly significant effect (p<0.01) on biomass yield (Appendix Table 8).

Rhodes grass i saline-sodic field || Panicum erass in salin-sodic field

Rhodes grass in non-saline field §§

i G ~

Figure 11. Performances of grasses in the salt-affected and normal field
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Figure 12. Field visit by different stakeholders

As observed in (Figures 11 and 12) the vigorous of both Panicum and Rhodes grasses
sufficiently grows in saline-sodic and non-saline soils The biomass yield exhibited an
increasing trend in the second harvest (Table 17); because of the relatively increased plant
height, branch number and temperature. A study coincided with many findings reported that
the biomass yields of Rhodes grass increase with increased temperature (Moore et al., 2006;
Tansi, 2009). Avcioglu and Soya, (2009) had similar reports that Panicum grass was a warm

climate forage.

In the two experimental sites, Rhodes grass gave much higher biomass yield than the panicum
grass. The more pronounced higher yields (11.73 and 14.1 t/ha) obtained in saline-sodic soils

that treated with Rhodes grass with 125 % G for first and second harvest respectively.
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Ashenafi et al., (2019) reported that the grown of Rhodes grass under the salt-affected field
gave much higher dry biomass yield than the non-saline field.

Grows of Panicum and Rhodes grass using 125 and 100 % G respectively had the next
alternative regarding its comparable high biomass yield. As indicated in (Figure 13) the
application of gypsum with increasing dose has positively correlated with biomass yield. The
study agreed with Ahmad et al., (2001) reported as all gypsum-received treatments gave a
better yield compared with non-gypsum plant treatments. As the yield significantly increased

when the rate of applied gypsum increased (Salim et al., 2002).

Table 17. Effect of treatments on dry biomass (ton/ha).

Experimental soil Treatments FH SH
. RG 8.10° 9.00°
Non-saline field PG 637" 8 04"
PG 6.41f 8.17f

RG 8.0° 9.13¢
PG+75% G 8.96¢ 10.10¢
. s PG+100% G 9.51¢ 11.35¢
Saline-sodic field RG+125% G 11.73% 14.10°
RG+75% G 9.71¢ 11.56¢
PG+125% G 11.13° 12.91°
RG+100% G 10.85° 13.20°

SE() 0.27 0.37

LSD 0.56 0.78

CV (%) 3.58 421

Where, Mean + SE; SE- standard error; FH- first harvest; SH- second harvest; RG- Rhodes
grass; PG- Panicum grass; G- gypsum; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, ¢, d, e and f) indicate a highly significant difference between
treatments and the same letters indicate a non-significant difference between treatments at a
1% probability level. The letters ranked in descending order.

In comparing each non-gypsum grass treatment independently, plants grown in salt-affected
soils had statistically similar results compared with those grown in non-saline soils. The
presence of high soil salinity and sodicity in saline-sodic soils probably advantageous for

plants and considered as a portion of food to enhanced biomass yield.
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This result inline with Hameed and Ashraf, (2008) findings reported that the application of
sodium salts (NaCl) to Panikum grass (Cynodon dactylon) in increasing amounts that appeared

non-negative effect on dry matter yield.

In this study, the treatment that efficiently reclaimed saline-sodic soil simultaneously gave a
high biomass yield. Qadir et al., (1996b) and Qadir et al., (2001) had been similar experiences
reported that biomass production was directly proportional to the reclamation efficiency of
salt-affected soils. Helalia et al., (1992) studded grows of grasses in Egypt salt-affected soils,
gave higher biomass yield than a commonly cultivated fodder and at the same time it reclaims

the soil better than leaching and gypsum.
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Figure 13. Relationship between the gypsum rates biomass yield
Where, FH- first harvest; SH- second harvest
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4.9.3. Nutrient compositions of grasses
4.9.3.1. Sodium in plant tissue

The leaf sodium concentrations of Panicum and Rhodes grasses which grow in the saline-
sodic field also highly significantly influenced (p<0.01) by the applied gypsum (Appendix
Table 9).

The grasses planted in saline-sodic soils had much higher leaf sodium than those grown in
non-affected soil (Figure 14). Even, all the non-gypsum cropped treatments in the salt-affected

soil uptake excess Na* compared to those grown in non-affected soil.

The increased leaf sodium in place where plants grown in salt-affected soils could be due to
their salt-loving potential of forage grasses was the main reason. Many researches also done in
recent decades suggests that salt-tolerant forage species also absorb ions like Na* and CI- from
the soil to maintain turgor (Ahmad et al., 1990; Ghaly, 2002; Qadir et al., 2003). Similar
experiences have been reported by Qadir et al., (1996) and Batra et al., (1997) that the
possible role of salt-tolerant species like grasses reduced soil salinity, sodicity/ Na*. Moreover,
Kobayashi et al., (2007) suggested that the grasses had a special preference for adsorbing Na*
over other ions using their salt glands.

The leaf sodium’s of Panicum and Rhodes grasses shows an increasing trend with increasing
gypsum level. It could be due to the application of gypsum in increasing dose replaces high
exchangeable sodium and improves soil structure might enhance the availability of too much
sodium uptake by plants. This finding coincided with several other studies reported that the
gypsum amendment improves soil structure for promoted the uptake of water and ions by
plants (Gupta & Abrol, 1990; Ghafoor et al., 1991; Qadir et al., 2001).

In the first harvest, the highest leaf sodium’s of 288.42 and 294.4 ppm or mg/kg was recorded
in Panicum and Rhodes grass plantation at 125 % G treated soils respectively. Similarly, those
respective treatments gave leaf sodium concentrations of 273.7 and 279.68 ppm or mg/kg in
the second harvest. Leaf sodium concentrations of the two kinds of grass grown in salt-

affected soils exhibited a falling trend in the second harvest compared with the first harvest
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result might be due to the decreased exchangeable Na" in the soil. The leaf sodium

concentrations of those grasses grown in the non-affected field remain constant.
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Figure 14. Leaf sodium concentrations of Panikum and Rhodes grass.

Where, Mean + SE; SE- standard error; FH- first harvest; SH- second harvest; RG- Rhodes
grass; PG- Panicum grass; G- gypsum; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, ¢, d, e and f) indicate a highly significant difference between
treatments and the same letters indicate a non-significant difference between treatments at 1%
probability level. At FH (SE= + 0.16; LSD=0.34 and CV=1.93) and at SH (SE= * 0.16;
LSD=0.33 and CV=1.97).

4.9.1.2. Crude protein ratio (CP)

The ANOVA table showed the application of gypsum in salt-affected soil highly significantly
influences (p<0.01) the crude portion ratios of halophytic grasses (Appendix Table 10).

Planting of halophytic grasses in saline-sodic soil had lower CP than those grown in non-
saline soil. The higher CP ratios of 9.31 and 9.34 % for first and second harvest respectively
obtained by Rhodes grass which planted on the non-saline soil followed by Panicum grass

planted in similar soil (Figure 15).
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Figure 15. Crude protein ratios of Panicum and Rhodes grass.

Where, Mean + SE; SE- standard error; FH- first harvest; SH- second harvest; RG- Rhodes
grass; PG- Panicum grass; G- gypsum; LSD- least significant difference; CV- coefficient of
variation. Different letters (a, b, ¢ and d) indicate a significant difference between treatments
and the same letters indicate a non-significant difference between treatments at a 1%
probability level. At FH (SE= £ 0.08; LSD= 0.17 and CV=1.25) and at SH (SE= + 0.12;
L.SD=0.24 and CV=1.7).

The probable reasons for relatively lower CP under saline-sodic conditions might be due to the
presence of high sodium in the initial soil uptaken by plants in excess amount and
simultaneously the replacement of exchangeable sodium by gypsum in the form of leachable
Na.SO4 absorbed by plants might decrease tissue CP. This study in agreement with the earlier
findings described as, the CP ratios of Panicum and Rhodes grasses which grown under saline
and sodic fields gave a lower crude protein ratio than those grown under normal soil
(Temel et al., 2015). Moreover, Suyama et al., (2007) and Ashenafi Worku et al., (2019) have
been similar experiences as CP tends to decrease due to the effect of salinity. However, from
ILERI, (2013) forage quality classification guidelines, this decreased crud protein still rated

within the palatable feed quality range.
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At the first harvest, the halophytic grasses grown in gypsum treated salt-affected soil had a
lower crude protein ratio compared with non-gypsum plant treatments under similar soil.
Whereas in the second harvest, it showed an increasing trend compared with the first harvest
at gypsum treated salt-affected soils. This increased CP in gypsum treated salt-affected soils at
second harvest could be probably due to the decrease of soil sodium than the first harvest.
Plants were grown in the non-saline field and non-gypsum saline-sodic field, the CP remains

relatively constant in both first and second harvest.
4.10. Partial Budget Analysis

The partial budget analysis revealed the MRR values of all treatments were exceeds 100 %.
Based on CIMMYT, (1988) suggested that the minimum acceptable MRR should be between
50% and 100%, while the values higher than 100 % were more profitable. In the first harvest,
grown of Panicum grass in saline-sodic and non-saline fields except it combined with 125 %
G indicates a fairly similar BCR value, while non-gypsum Rhodes grass treatments which
planted in saline-sodic soil had much higher BCR values (8.57) than all over other treatments.

Similarly, this grass gave higher BCR (8.69) in the non-saline field (Table 18).

In the second harvest, the BCR of non-gypsum plant treatments grown in saline-sodic soils
had similar results compared with those grown in non-saline soils. Plants grow in saline-sodic

soil treated with gypsum gave much higher results of BCR than those grown without gypsum.

The application of gypsum in saline-sodic soil with increased dose indicates the increased
BCR values. The highest net benefit (255,319.44 ETB) with the highest BCR (29.41) was
recorded by combined treatments of Rhodes grass with 125 % G followed by Rhodes grass
with 100 % G and Panicum grass with 125 % G combined treatments. Thus treatment
combinations showed the most economically attractive for small-scale farmers with low cost

of production to earn higher benefits.

74



Table 18. Partial budget analysis for gypsum rate and halophytic grasses

First harvest

Field Treatment Unadjusted Adjusted Gross Gypsum Operation Total cost ~ Net benefit BCR
yield (t/ha) yield (t/ha) benefit Cost cost (ETB/ha) (ETB/ha) (ETB/ha)
(ETB/ha)  (ETB/ha)

RG 8.10 7.29 145800 0 15046.53 15046.53 130753.47 8.69

Nor. PG 6.37 5.73 114600 0 15046.53 15046.53 99553.47 6.62
PG 6.41 5.77 115400 0 15046.53 15046.53 100353.47 6.67

RG 8.00 7.20 144000 0 15046.53 15046.53 128953.47 8.57
75%G+PG 8.96 8.06 161200 5400.00 15046.53 20446.53 140753.47 6.88

Aff.  100%G+PG 9.51 8.56 171200 7200.00 15046.53 22246.53 148953.47 6.70
125%G+RG 11.73 10.56 211200 9000.00 15046.53 24046.53 187153.47 7.78
75%G+RG 9.71 8.74 174800 5400.00 15046.53 20446.53 154353.47 7.55
125%G+PG 11.13 10.02 200400 9000.00 15046.53 24046.53 176353.47 7.33
100%G+RG 10.85 9.77 195400 7200.00 15046.53 22246.53 173153.47 7.78

Second harvest

RG 9.00 8.10 162000 0 8680.56 8680.56 153319.44 17.66

Nor. PG 8.04 7.14 142800 0 8680.56 8680.56 134119.44 15.45
PG 8.17 7.27 145400 0 8680.56 8680.56 136719.44 15.75

RG 9.13 8.23 164600 0 8680.56 8680.56 155919.44 17.96

: 75%G+PG 10.10 9.20 184000 0 8680.56 8680.56 175319.44 20.20
Saff. 100%G+PG 11.35 10.45 209000 0 8680.56 8680.56 200319.44 23.08
125%G+RG 14.10 13.20 264000 0 8680.56 8680.56 255319.44 29.41
75%G+RG 11.56 10.66 213200 0 8680.56 8680.56 204519.44 23.56
125%G+PG 12.91 12.01 240200 0 8680.56 8680.56 231519.44 26.67
100%G+RG 13.20 12.30 246000 0 8680.56 8680.56 237319.44 27.34

FH (first harvest), SH (second harvest), BCR (benefit-cost ratio), operation cost includes (land preparation cost, labor cost for

planting, watering, weeding and harvesting), variable cost (gypsum cost), RG- Rhodes grass, PG- Panicum grass, Saff- salt-affected

field, Nor- normal field.
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4.11. Effect of Gypsum on the Quality of Local Groundwater

4.11.1. Sodium levels

Sodium in small quantities is beneficial to plant growth, however, higher concentrations are
toxic to many plants and affect soil structure (Falstad, 2000; Bauder and Brock, 2001; Ezlit,
2009). Based on the result (Figure 16) shows that all samples have a sodium concentration in
smaller quantities and found within FAO, (1985) permissible level. It implies that the presence
of sodium in the applied irrigation water and in the deep percolated water had does not exhibit

a specific ion effect or no toxicity problems in short-term usage (FAO, 1985).

At 131 days after gypsum placement, the concentrations of sodium in the deep percolated
water samples obtained from in both the gypsum received and control experimental plots have
relatively higher sodium than the applied irrigation water. The relatively higher sodium values
in the deep percolated water samples can be due to the presence of high soil sodium (Table 7)

dissolved into the shallow groundwater.
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Figure 16. Sodium concentrations in water samples
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The concentrations of sodium in the deep percolated water shows a little increment in all
gypsum received plots compared with the control experimental plot. A relatively higher
sodium concentration (33.3 mg/l) was recorded at 125% G received plot. It might be due to the
application of high gypsum amount that replaces relatively high sodium from the soil
exchangeable site and it joins into the soil solution. It reflects surface (0-20 cm) gypsum
placement with variable rates had not much negative contribution to local groundwater

quality.

4.11.2. Calcium levels

Some quantities of calcium have a positive impact by controlling the negative effects of
sodium and it enhances for maintaining good soil properties (Fipps, 2004; Maral, 2010). Based
on Gebauer and Ebert, (2005) calcium provides for the structural and functional integrity of

plant membranes, stabilizes cell wall structure.

From the result (Figure 17), the calcium concentrations of the applied irrigation water and the
deep percolated water samples fell within the FAO, (1985) permissible range. It indicates that
the concentration calcium in the water samples does not inhibit the uptake of iron from the soil
and induced acceptable chlorosis of plants (Attibu, 2017). In addition, it also not cause any
nutrient imbalance (Augustine, 2009).

In comparing the concentration of calcium in the deep percolated water samples do not appear
much change by surface (0-20 cm depth) gypsum application (Figure 17), however, the
applied irrigation water has the highest calcium concentration (71 mg/l). The main reasons for
low calcium concentrations in the deep percolated water samples were due to the presence of

relatively high sodium antagonize the calcium concentration.
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Figure 17. Calcium concentrations in water samples

4.11.3. Magnesium levels

Similar to calcium, magnesium is associated with soil aggregation and friability. Excessive
magnesium in water also causes water hardness and when used for irrigation deposits mineral

residues on plant surfaces (Maral, 2010; Banderi et al., 2012).

From the result (Figure 18) the magnesium concentrations of the water samples ranged from
29.13 (irrigation water) to 25.5 mg/l found within the permissible range and do not affect the
plant tissue (FAO, 1985). The application of gypsum with a variable rate shows a similar
magnesium concentration in deep percolated water as contrasted with the control experimental

treatment (Figure 18).
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Figure 18. Magnesium concentrations in water samples
4.11.4. Total dissolved solids (TDS) and ECw concentrations

From the result (Figure 19), the ECw and TDS values of deep percolated water remain nearly
similar in a comparison between gypsum applied and non-applied (control) experimental
treatments; while the applied irrigation water has relatively low ECw and TDS concentrations

contrasting with the deep percolated water samples.

Both the ECw and TDS concentrations in the applied irrigation water and deep percolated
water samples found within the FAO, (1985) permissible range. On the other hand, the ECw
values in all water samples found between 0.25 and 0.75 dS m™ rated as “moderately saline”
(USSLS, 1954) in (Appendix Table 14). In this respect, Golina-Adisalem shallow water table
had “moderately saline” (USSLS, 1954).

The study indicates that surface (0-20 cm) application of gypsum for soil amendment has not

much impact on the quality of shallow groundwater.
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

Based on the research done towards reclamation and amelioration of saline-sodic soil using
gypsum and halophytic grasses indicates that the application of gypsum amendment with a
variable rate and plantation of ameliorative (Panicum and Rhodes) grasses enhanced the
reclamation of saline-sodic soil. A combined application of gypsum with Panicum and Rhodes
grasses showed relatively faster effectiveness in decreasing soil pHe, ECe, SAR and ESP for
all soil layers compared with gypsum only and non-gypsum plant treatments. Those treatments
(RG+125% G and PG+125% G) enhances infiltration rates of the saline-sodic soil contrasted
with other treatments. The replaced sodium by applied gypsum chemical had not a
considerable negative contribution to shallow groundwater quality along the two experimental
season. Based on the result Panicum and Rhodes grasses were successfully grown in both
saline-sodic and non-saline (normal) soils, it was important for the provision of needed forages

in addition to soil improvement.

The agronomic parameters such as plant height and dry biomass have not affected by soil
salinity and sodicity. In both experimental sites, those parameters more increased in the
second harvest than the first harvest due to seasonal climatic variation. Application of gypsum
in saline-sodic soil with increased dose increases plant height and biomass yield resulted in a
better contribution to earn the highest net benefit than plants grown in the non-saline field.

The Panicum and Rhodes grasses grown in the saline-sodic field showed a lower crude protein
ratio than those grown in non-saline soils. The application of gypsum in the saline-sodic field
decreases the CP than non-gypsum plant treatments of those grown under the same soil
condition. In the gypsum received saline-sodic experimental plots, the crude protein ratios
tend to increases in the second harvest compared with the first harvest result due to the
decrease of soil sodium. However, the crude protein ratios in the non-saline field and non-
gypsum saline-sodic field remains nearly constant along with the two harvestings. However,
thus relatively lower crude protein ratios obtained in the saline-sodic field found within a

suitable forage quality range.

81



The halophytic grasses planted in the saline-sodic field showed much higher leaf sodium
concentration than those grown in the normal field. The leaf sodium concentration in the
saline-sodic field tends to decrease in the second harvest than the first harvest due to the
decreased soil sodium, while leaf sodium concentrations in the non-saline (normal) field was

nearly similar in both first and second harvest.

5.2. Recommendation

The present study suggested that for the Golina-Adisalem saline-sodic field combined
application 125 % (2.5 t/ha) gypsum requirement with Panicum and Rhodes grasses were the
most efficient treatment with respect to a better decreased pHe, ECe, SAR, ESP and it
enhances soil infiltration rate, reached high biomass yield with acceptable tissue quality as
well as earns highest net benefit. From the field observations of the experimental site, the

following recommendations forwarded:;

» As one of the difficulties of graduate research, the experiment tested in salt-affected
soil was for two growing seasons in one place. Hence repeating the experiment in
space and time shall improve the validity of the finding.

» Application of gypsum in an increasing rate more increases the efficiencies of the
saline-sodic soil reclamation processes, as well as increased biomass yield and net
benefit, which needs further research by increasing gypsum rates higher than 2.5 t/ha.

» The issue of crude protein under the saline-sodic field needs further scientific
investigation about why it is getting reduced.

» The concentration of sodium and electrical conductivity in the shallow groundwater
getting a little increments needs further scientific research about their long-term
impact.

» Detail water table dynamics in time and space should be monitor to operationalized

subsurface drainage
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Appendix Table 1. Long-Term Meteorological Data of the Study Area (2002 — 2018)

Month Max Temp°C  MinTemp°C RF(mm) WS(m/s) RH (%) SS (hours)

Jan 29.69 8.56 7.28 1.60 58.41 9.20
Feb 31.47 10.75 14.20 1.87 51.95 9.80
Mar 31.00 11.52 26.74 1.93 48.36 10.30
Apr 33.67 13.59 50.47 1.76 49.65 10.20
May 35.00 14.81 47.75 1.52 42.88 10.05
Jun 36.58 15.72 11.23 1.75 34.94 9.20
Jul 35.83 16.29 130.69 1.66 49.29 8.20
Aug 32.73 15.64 218.27 1.26 57.71 8.15
Sep 32.62 13.85 85.57 0.94 56.16 8.70
Oct 31.69 11.03 26.03 1.23 48.41 9.10
Nov 30.62 9.50 15.10 1.34 46.88 10.20
Dec 29.88 8.49 10.75 1.35 51.39 9.40

Appendix Table 2. Daily Meteorological Data Throughout the Experimental Period.

Date Min Temp Max Temp  RH (%) WS (m/s) SS(hours) RF (mm)

(°C) (°C)
7-Feb 8.60 29.00 34.00 1.40 0.41 0.00
8-Feb 8.30 28.10 39.00 1.26 0.41 0.00
9-Feb 8.90 28.10 31.00 1.23 0.41 0.00
10-Feb 9.00 29.30 32.00 1.16 0.41 0.00
11-Feb 11.00 29.30 33.00 1.25 0.41 0.00
12-Feb 10.30 29.80 38.00 1.24 0.42 0.00
13-Feb 14.00 32.50 37.00 1.09 0.42 0.00
14-Feb 11.50 31.20 38.00 1.38 0.42 0.00
15-Feb 12.30 29.30 43.00 1.45 0.42 0.00
16-Feb 11.30 29.50 44.00 1.72 0.42 0.00
17-Feb 10.10 30.10 42.00 2.01 0.42 0.00
18-Feb 16.80 29.20 55.00 1.79 0.42 0.00
19-Feb 14.20 31.00 41.00 1.47 0.42 0.00
20-Feb 18.00 29.20 61.00 1.82 0.42 0.00
21-Feb 17.10 29.40 40.00 1.63 0.42 0.00
22-Feb 17.50 29.90 64.00 1.59 0.42 0.00
23-Feb 17.00 31.10 53.00 1.43 0.42 0.00
24-Feb 16.00 32.80 41.00 1.38 0.42 0.00
25-Feb 13.50 33.40 48.00 2.10 0.42 0.00
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Date Min Temp Max Temp  RH (%) WS (m/s) SS(hours) RF(mm)
(°C) (°C)

26-Feb 17.00 31.60 57.00 2.18 0.42 0.00
27-Feb 15.00 32.10 53.00 1.94 0.42 0.00
28-Feb 12.40 30.30 70.00 1.97 0.42 0.00
1-Mar 14.10 29.10 60.00 1.12 0.45 0.00
2-Mar 16.00 27.00 70.00 2.38 0.45 0.00
3-Mar 16.10 29.30 61.00 2.54 0.45 0.00
4-Mar 15.00 26.80 64.00 1.77 0.45 0.00
5-Mar 15.00 28.40 53.00 1.92 0.45 0.00
6-Mar 15.00 29.40 47.00 1.65 0.45 0.00
7-Mar 14.80 30.10 49.00 1.58 0.45 0.00
8-Mar 14.00 30.00 42.00 1.43 0.44 0.00
9-Mar 15.60 35.30 61.00 0.90 0.46 0.00
10-Mar 12.20 30.60 34.00 1.53 0.44 0.00
11-Mar 11.10 30.30 27.00 1.63 0.44 0.00
12-Mar 12.80 31.30 31.00 1.69 0.44 0.00
13-Mar 15.00 29.20 60.00 1.90 0.44 0.00
14-Mar 13.90 30.10 54.00 2.03 0.44 0.00
15-Mar 15.10 29.90 54.00 2.68 0.44 0.00
16-Mar 16.00 27.20 62.00 1.67 0.44 0.00
17-Mar 12.60 27.80 70.00 1.40 0.44 0.00
18-Mar 12.60 27.00 76.00 1.31 0.44 0.00
19-Mar 13.80 28.10 54.00 1.57 0.44 0.00
20-Mar 17.20 29.40 44.00 2.09 0.44 0.00
21-Mar 15.60 30.10 43.00 2.07 0.44 0.00
22-Mar 16.00 30.20 44.00 1.57 0.44 0.00
23-Mar 14.50 31.10 34.00 1.29 0.44 0.00
24-Mar 14.00 31.20 32.00 1.83 0.43 0.00
25-Mar 13.80 34.10 35.00 2.15 0.43 0.00
26-Mar 14.60 29.00 31.00 2.09 0.43 0.00
27-Mar 13.10 31.50 35.00 1.74 0.43 0.00
28-Mar 13.00 29.80 38.00 2.04 0.43 0.00
29-Mar 14.60 32.40 39.00 2.01 0.43 0.00
30-Mar 16.00 33.00 33.00 1.42 0.43 20.50
31-Mar 15.10 31.60 39.00 1.18 0.43 0.00
1-Apr XX 33.00 28.00 3.15 0.41 0.00
2-Apr 14.50 31.30 42.00 2.06 0.41 1.60
3-Apr 15.20 30.00 55.00 0.64 0.41 0.00
4-Apr 13.50 31.30 50.00 1.88 0.41 0.00
5-Apr 16.00 30.60 59.00 0.90 0.45 0.00
6-Apr 16.30 34.10 46.00 1.65 0.41 11.70
7-Apr 17.50 30.00 64.00 1.47 0.41 0.00
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Date Min Temp Max Temp  RH (%) WS (m/s) SS(hours) RF(mm)
(°C) (°C)

8-Apr 16.80 33.60 56.00 1.90 10.32 0.00
9-Apr 17.00 31.60 54.00 1.74 0.41 0.00
10-Apr 18.00 29.60 65.00 1.33 0.41 0.00
11-Apr 17.10 27.00 65.00 1.86 0.46 0.00
12-Apr 13.90 28.70 56.00 1.32 0.42 0.00
13-Apr 16.00 29.00 67.00 1.54 0.42 8.40
14-Apr 15.30 29.10 70.00 1.84 0.42 10.30
15-Apr 17.00 28.20 69.00 1.00 0.42 0.00
16-Apr 17.10 31.30 58.00 1.27 0.42 0.00
17-Apr 17.80 31.00 57.00 1.56 0.42 0.00
18-Apr 17.00 29.30 62.00 1.34 0.42 2.00
19-Apr 16.40 29.00 67.00 1.38 0.42 0.00
20-Apr 18.00 30.20 61.00 1.44 0.42 0.00
21-Apr 17.50 30.50 57.00 2.16 0.42 29.00
22-Apr 17.30 31.10 58.00 0.90 0.42 0.00
23-Apr 17.40 32.10 52.00 1.55 0.42 0.00
24-Apr 18.80 31.00 53.00 1.88 0.42 0.00
25-Apr 16.00 28.80 71.00 1.29 0.42 0.00
26-Apr 17.40 31.30 60.00 1.22 0.43 0.00
27-Apr 16.00 31.00 59.00 1.39 0.43 0.00
28-Apr 16.30 28.10 65.00 1.61 0.43 0.00
29-Apr 16.80 29.00 65.00 1.61 0.43 0.00
30-Apr 14.80 31.70 56.00 1.28 0.41 0.00
1-May 17.30 30.00 60.00 1.19 0.43 0.00
2-May 18.50 30.00 56.00 2.06 0.41 0.00
3-May 18.00 31.00 51.00 1.14 0.41 0.00
4-May 17.00 32.00 50.00 1.49 0.41 0.00
5-May 18.00 31.30 44.00 151 0.42 0.00
6-May 18.80 33.00 41.00 1.16 0.42 0.00
7-May 18.10 32.00 46.00 1.20 0.42 0.00
8-May 18.30 33.30 42.00 1.35 0.42 0.00
9-May 19.30 33.60 48.00 1.73 0.42 0.00
10-May 17.30 33.00 40.00 1.44 0.42 0.00
11-May 16.00 33.30 39.00 0.40 0.42 0.00
12-May 15.00 32.80 31.00 0.97 0.42 0.00
13-May 19.00 33.20 48.00 1.40 0.42 0.00
14-May 16.30 33.30 35.00 1.18 0.42 0.00
15-May 18.50 34.00 55.00 1.57 0.42 38.00
16-May 16.60 32.40 41.00 1.28 0.42 0.00
17-May 19.00 32.80 41.00 1.54 0.42 0.00
18-May 16.00 34.60 44.00 2.06 0.42 0.00
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Date Min Temp Max Temp  RH (%) WS (m/s) SS(hours) RF(mm)
(°C) (°C)
19-May 18.80 32.00 48.00 1.40 0.42 0.00
20-May 19.00 34.00 46.00 1.93 0.42 0.00
21-May 18.00 35.10 29.00 1.28 0.42 0.00
22-May 15.00 33.00 43.00 1.71 0.42 4.50
23-May 18.00 34.00 44.00 1.51 0.42 2.50
24-May 17.80 32.00 46.00 1.72 0.42 0.00
25-May 16.80 34.00 36.00 1.49 0.42 0.00
26-May 16.30 34.10 34.00 182.00 0.42 1.00
27-May 18.80 35.00 40.00 1.71 0.43 0.00
28-May 17.20 34.70 30.00 1.81 0.42 0.00
29-May 19.80 34.20 32.00 1.24 0.41 0.00
30-May 18.50 35.60 32.00 2.04 0.42 0.00

105



Appendix Table 3. Factorial ANOVA Table for Soil pHe After Reclamation

Soil pHe in the three soil layers

SD (cm) After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2.00 0.00 0.00 1.95 2.00 0.02 0.01 6.44

G 3.00 1.66 0.60 643.04 <.001** 3.00 216 0.72 570.00 <.001**
0-20 H 2.00 062 0.31 358.39 <.001** 2.00 1.32 0.66 523.37 <.001**

G*H 6.00 045 0.08 86.79 <.001** 6.00 0.52  0.09 68.71 <.001**

Err 22.00 0.02 0.00 22.00 0.03 0.00

Tot 35.00 275 35.00 4.04

After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2.00 0.01 0.01 1.64 200 0.02 0.01

G 3.00 095 0.32 84.73 <.001** 3.00 129 043 21750 <.001**
20-40 H 2.00 1.81 0.90 242.22 <.001** 200 3.15 158 799.70 <.001**

G*H 6.00 0.20 0.03 8.85 <.001** 6.00 048 0.08 40.43  <.001**

Err 22.00 0.08 0.00 2200 0.04 0.00

Tot 35.00 3.05 35.00 4.98

After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2.00 0.01 0.00 3.97 2.00 0.01 0.00 3.46

G 3.00 071 0.24 288.70 <.001** 3.00 081 0.27 356.75 <.001**
40-60 H 2.00 3.26 1.63 2002.10 <.001** 2.00 424 212 2794.10 <.001**

G*H 6.00 0.10 0.02 20.53 <.001** 6.00 0.14 0.02 30.02 <.001**

Err 22.00 0.02 0.00 22.00 0.02 0.00

Tot 35.00 4.10 35.00 5.21

Where, SD- soil depth; SV- source of variation; G- gypsum; H- halophytes; G*H- interaction of gypsum and halophytes; DF-
degree of freedom; SS- sum square; MS- mean square; F-f calculated; P- probability level. Tot-total variation; Err- variation due to
error and **- highly significant.
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Appendix Table 4. ANOVA Table for Soil ECe After Reclamation (dS m)

Soil ECe in the three soil layers (dS m?)

SD(cm) After first harvest After second harvest
SV DF SS MS F P DF SS MS F P
Rep 2.00 0.32 0.16 2.00 0.31 0.16 1.44
G 3.00 488.53 162.84 1123.77 <.001** 3.00 392.83 130.94 1210.68 <.001**
0-20 H 2.00 120.86 60.43  417.02 <.001** 2.00 206.60 103.30 955.10 <.001**
G*H 6.00 4.98 0.83 5.73 0.00** 6.00 26.54 4.42 40.89 <.001**
Err 22.00 3.19 0.14 22.00 2.38 0.11
Tot 35.00 617.88 35.00 628.66
After first harvest After second harvest
SV DF SS MS F P DF SS MS F P
Rep 2.00 0.06 0.03 0.54 2.00 0.22 0.11 1.74
G 3.00 5245 17.48  309.37 <.001** 3.00 65.59 21.86 345.15 <.001**
20-40 H 2.00 252.49 126.25 2234.04 <.001** 2.00 276.67 138.34  2183.99 <.001**
G*H 6.00 16.61 2.77 49.00 <.001** 6.00 27.16 4.53 71.47 <.001**
Err 22.00 1.24 0.06 22.00 1.39 0.06
Tot 35.00 322.86
After first harvest After second harvest
SV DF SS MS F P DF SS MS F P
Rep 2.00 2.03 1.02 14.33 2.00 1.03 0.52 2.21
G 3.00 2133 711 100.26 <.001** 3.00 34.95 11.65 49.73 <.001**
40-60 H 2.00 141.23 70.62  995.80 <.001** 2.00 154.95 77.47 330.71 <.001**
G*H 6.00 4.61 0.77 10.84 <.001** 6.00 5.94 0.99 4.22 0.01**
Err 22.00 1.56 0.07 22.00 5.15 0.23
Tot 35.00 170.76 35.00 202.03

SD- soil depth; SV- source of variation; G- gypsum; H- halophytes; G*H- interaction of gypsum and halophytes; DF- degree of
freedom; SS- sum square; MS- mean square; F- f calculated and P- probability level; Tot- total variation; Err- variation due to error

and **- highly significant.
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Appendix Table 5. ANOVA Table for Soil SAR After Reclamation

Soil SAR in the three soil layers

After first harvest

After second harvest

SD (cm) SV DF SS MS F P DF SS MS F P

Rep 2 1.17 0.59 2 6.71 3.35 2

GY 3 1133.6 377.86 10715.7  <.001** 3 1214.6 404.87 14725 <.001**
0-20 H 2 2112 1056 29946.5 <.00** 2 234453 1172.27 42635 <.001**

G*H 6 244.28 40.71 1154.6 <.001** 6 414.8 69.13 251.44 <.001**

Err 22 0.78 0.04 22 6.05 0.27

Tot 35 3491.8 35 3986.7

After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2 3.65 1.82 2 4,57 2.283

GY 3  1288.95 429.65 10189 <.001** 3 1101.1 367.03 1829.44 <.001**
20-40 H 2  2319.78 1159.9  27506.3 <.001** 2 1982.18 991.09  4939.95 <.001**

G*H 6 248.66 41.44 982.81 <.001** 6 556.15 92.691 462 <.001**

Err 22 0.93 0.04 22 4.41 0.201

Tot 35 3861.96 35 3648.4

After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2 7.99 3.99 2 14.56 7.28 2

G 3 134111 447.04  7309.63 <.001** 3 1404.39 468.13  4749.16 <.001**
40-60 H 2 282781 1413.91  23119.1 <.001** 2 292758 1463.79 14850.1 <.001**

G*H 6 253.57 42.26 691.03 <.001** 6 268.26 44,71 453.57 <.001**

Err 22 1.35 0.06 22 2.17 0.1

Tot 35  4431.83 35  4616.96

SD-soil depth; SV- source of variation; G- gypsum; H- halophytes; G*H- interaction of gypsum and halophytes; DF- degree of
freedom; SS- sum square; MS- mean square; F- f calculated and P- probability level; Tot- total variation; Err- variation due to error

and **- highly significant.
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Appendix Table 6. ANOVA Table for Soil ESP (%) After Reclamation

Soil ESP (%)

After first harvest After second harvest
SD(cm) SV DF SS MS F P DF SS MS F P

Rep 2 5.69 2.85 5.97 2 15.9 7.95 167.57

G 3 5283 1761 3694 <.001** 3 5322 1774 37400.4 <.001**
0-20 H 2 1392.7 696.33 1460.66 <.001** 2 2081.5 1040.8 21941.7 <.001**

G*H 6 7.78 1.3 2.72 0.004** 6 45.95 7.66 161.47 <.001**

Err 22  10.49 0.48 22 1.044 0.047

Tot 35  6699.7 35  7466.4

After first harvest After second harvest

S\ DF SS MS F P DF SS MS F P

Rep 2 25.381 12.69 123.96 2 23.454 11.727 61.96

G 3 6840 2280 22271.8 <.001** 3 8603 2867.7 15150.6 <.001**
20-40 H 2 1680.9 840.43 8209.57 <.001** 2 2617.4 1308.7 6914.25 <.001**

G*H 6 20.004 3.33 32.57 <.001** 6 33.722 5.6203 29.69 <.001**

Err 22 2.25 0.10 22  4.1641 0.1893

Tot 35 8568.5 35 11282

After first harvest After second harvest

SV DF SS MS F P DF SS MS F P

Rep 2 29.6 14.81 2 11.601 5.8004  45.83

G 3 5081 1693.7 22486 <0.001** 3 5855.3 1951.8 15421.4 <.001**
40-60 H 2 6946 3473.1 46108 <0.001** 2 9256.9 4628.5 36570.7 <.001**

G*H 6 706.5 117.75 1563.3 <0.001** 6 474.44 79.074 624.78 <.001**

Err 22 17 0.08 22 278 0.1266

Tot 35 12765 35 15601

SD- soil depth; SV- source of variation; G- gypsum; H- halophytes; G*H- interaction of gypsum and halophytes; DF- degree of
freedom; SS- sum square; MS- mean square; F-f calculated and P- probability level; Tot-total variation; Err-variation due to error;
**- highly significant and **- highly significant.
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Appendix Table 7. ANOVA Table for Plant Height (cm)

SV
Rep
Tr
Err
Tot

First harvest Second harvest
DF SS MS F P DF SS MS F P
2 17.33 8.666 2 15.3 7.648
9 2267.05 251.895 18.18 <.001™| 9 1809.03 201.003 31.44 <001**
18 249.45  13.858 18 115.09 6.394
29 2533.83 29 193941

SV-source of variation; DF- degree of freedom; SS- sum square; MS- mean square; F- f
calculated, P- probability level; Tot- total variation; Err- variation due to error and **- highly
significant.

Appendix Table 8. ANOVA Table for Dry Biomass (Dry Matter Yield) (ton/ha)

SV
Rep
Tr
Err
Tot

First harvest Second harvest
DF SS MS F P DF SS MS F P
2 047 0.24 2 0.63 0.317
9 9467 1052 99.76 <0.001**| 9 129.01 14.335 69.79 <0.001**
18 190 0.11 18 3.70 0.205
29 97.047 29 133.35

SV- source of variation; DF- degree of freedom; SS- sum square; MS- mean Square; F- f
calculated and P- probability level; Tot- total variation; Err- variation due to error and **-
highly significant.

Appendix Table 9. ANOVA Table for Leaf Na* (mg/kg or ppm)

First harvest

Second harvest

SV
Rep
Tr
Err
Tot

DF SS MS F P DF SS MS F P

2 0.007 0.0035 2 0018 0.009

9 266.50 29.61 758.35<.001** 9 219.60 2440 665.55 <.001**
18 0.703 0.039 18 0.66 0.037

29 267.213 29 220.28

SV- source of variation; DF- degree of freedom; SS- sum square; MS- mean Square; F-f
calculated and P- probability level; Tot- total variation; Tr- variation due to treatment; Err-
variation due to error and **- highly significant.
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Appendix Table 10. ANOVA Table for Leaf Crude Protion (%)

First harvest Second harvest
SV DF SS MS F P DF SS MS F P
Rep 2 0142 0.071 2 0.16 0.081
Tr 9 8.44 0.94 91.77 <.001** 9 6.42 0.71 35.91 <.001**
Err 18 0.18 0.01 18  0.36 0.02
Tot 29 8.76 29 6.93

SV- source of variation; DF- degree of freedom; SS- sum square; MS- mean Square; F- f
calculated and P- probability level; Tot- total variation; Tr- variation due to treatment; Err-
variation due to error and **- highly significant.

Appendix Table 11. Classes of soil bulk density

Bulk density (gm cm) Rating
<1 For soils high in organic matter
1-14 Well-aggregated loam soils
1.2-18 Sand and compacted horizons in clay soils

Source, White, (2006)

Appendix Table 12. Rating of Soil Organic Matter Content (%OM)

Rating or class OM (%) Infiltration rate mm/hr
Very low <0.86 <2.5
Low 0.86 - 2.59 2.5-12.5
Medium/moderate 2.59-5.17 12.5-25
High >5.17 >25
Very high Not Given

Tekalegn et al., (1991) Miller and Donahue, 1997
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Appendix Table 13. Rating of Soil Salinity and Sodicity Parameters

Parameter Test method Rating

< 2 (non-saline) no management option needed
2 - 4 (slightly saline)

4-8 (moderately saline)
Ece (dSm™) From saturated paste extract

8-16 (highly saline)

> 16 (extreme saline)

6.7 - 7.3 (neutral)

PHe From saturated paste extract 7.4 - 8 (moderately alkaline)

> 8 (strongly alkaline) careful monitoring of
SAR and ESP recommended

<5 (low)
ESP (%) Derived parameter 5-15 (medium)
>15 (high)

<5 (low)
SAR Derived parameter 5-13 (medium)
>13 (high)

Sources, Lamond and Whitney, (1992) for soil ECe, SAR and ESP; Tekalign, (1991) for soil pHe

Appendix Table 14. Salinity Classes of Irrigation Water

ECw (dS m™ or mmhos cm™) Rating
<0.25 Low salinity
0.25-0.75 Medium salinity
0.75-2.25 High salinity
>2.25 Very high salinity

USSLS, (1954)
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Appendix Table 15. Free Flow Discharge Values for 3-inch Partial Flume

v -
eafo((;nm) Discharge (l/s)
90 8.3
80 55

70 .
0 3

50 .
40 i.S
30 i

20

0.5

Appendix Table 16. Salinity an_d Sodicity Parameters in Golina-Adisalem Irrigation scheme at
the Begning of the Experiment
Requested by: Sisay Dessale

Lab no First bach soil analaysis
0.001 0-20 cm
pHe Ece Ex Na | CEC | ESP (%)] sol CatMg sol Na | SAR
8.5 20 11.27 |2048| 55.03 717.6 307.5 | 49.37
0.002 20-40 cm
pHe Ece Ex Na | CEC | ESP (%) | sol CatMg sol Na [ SAR
8.65 16.4 12.88 20.1 64.08 32436 76.19 | 52.55
0.003 40-60 cm
pHe Ece Ex Na | CEC | ESP (%) | sol Ca+Mg |sol Na | SAR
8.77 11.49 13.95 19.63 71.06 345.33 74.93 | 56.42

where, ECE in DS/m
excangeable Na+ in meq/100gm
CEC in meq/100 gm

soluble Na in megq/L

soluble Ca+Mg in megq/L
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Appendix Table 17. Salinity and Sodicity Parameters After First Harvest in 0-20 cm Soil
Layer

Requested by: Sisay Dessale
Second bach soil data

0-20 cm
lab no pHe |Ece ExNa [CEC |sol Ca+Mg [sol Na SAR ESP(%)
1| Z.58] 7.12 4.15| 24.10 100.20 121.00| 17.09 17.22
2(7.63| 8.25 5.88| 23.00 99.30 147.20( 20.89 25.57
3]7.43| 5.13 3.44| 28.75 104.10 100.25| 13.90 11.97
4| 7.64| 8.08 6.14| 22.99 98.90 144.40( 20.53 26.71
5(7.45| 6.32 3.42]27.30 103.80 99.20] 13.77 12.53
6[7.60| 7.32 4.36 23.94 99.00 118.30f 16.81 18.21
7| 7.80]| 14.63| 10.10{22.30 95.10 168.00| 24.36 45.29
8(7.88| 14.39 9.80| 22.00 95.80 168.30| 24.32 44,55
9(7.61| 9.33 6.33]| 24.00 117.90 191.39( 24.93 26.38
10( 7.75( 11.99 9.02] 22.80 98.70 244.34| 34.78 39.56
11| 7.71] 10.96 7.52| 23.50 101.30 222.64| 31.28(. 32.00
12| 8.50| 20.12| 11.52|20.50 78.90 309.00| 49.20 56.20
13| 7.81| 14.89 9.65| 21.80 97.30 166.80| 23.91 44.27
14| 7.63| 7.42 4.16| 24.15 101.70 119.50( 16.76 17.23
15| 7.85( 14.96 9.95| 22.10 96.60 166.40| 23.94 45.02
16| 7.60| 6.67 4.24|23.74 100.50 116.80( 16.48 17.86
17| 7.38| 5.96 3.25| 26.80 105.30 97.60| 13.45 12.13
18| 7.63| 8.27 5.99| 22.79 100.40 142.00| 20.04 26.29
19| 7.65| 8.06 5.87|22.80 100.80 143.30( 20.19 25.75
20(7.41] 6.10 3.32]28.55 105.60 98.75| 13.59 11.63
21| 7.74]| 11.34 8.87| 22.60 100.20 242.84| 34.31f- 39.25
22| 7.62| 8.52 6.18| 24.24 119.40 189.89| 24.58 25.50
23| 7.73] 10.51 7.37] 23.70 102.80 221.14| 30.85 31.10
24| 8.47|19.35[ 11.41(21.00 80.40 316.30| 49.89 54.33
25(7.69| 8.19 6.29( 23.19 100.40 146.70( 20.71 27.13
26| 7.84| 15.10( 10.25|22.50 96.60 168.80 24.29 45.56
27(7.59| 6.97 4.32]124.30 101.70 122.00( 17.11 17.78
28| 7.41| 5.43 3.58( 28.95 105.60 101.50| 13.97 12.37
29| 7.86| 14.50 9.95| 22.20 97.30 169.60| 24.32 44.82
30| 7.66| 8.81 6.17| 23.20 100.80 148.00f 20.85 26.59
31| 7.58| 7.62 4.30| 24.14 100.50( * 120.00| 16.93 17.81
32| 7.44| 5.72 3.46| 27.50 105.30 99.70( 13.74 12.58

33|7.72|10.41| 7.67|24.10 102.80 224.14| 31.26 31.83
34|7.79112.29| 9.17|23.00 100.20 245.84( 34.73 39.87
35/7.61| 9.47| 6.48|24.64 119.40 192.89| 24.96 26.30
36| 8.60| 20.30| 11.76| 19.80 81.60 320.50( 50.18 59.39
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Appendix Table 18. Salinity and Sodicity Induces After First Harvest in 20-40 cm Soil Layer

Requested by: Sisay Dessale
Second bach soil data

20-40 cm
Lab no pHe |Ece Ex Na |CEC [ESP (%) sol Ca+Mg [sol Na |SAR
37|7.64| 6.57| 5.08|22.65 22.43 89.60| 130.80 19.54
38(7.69| 7.40| 6.82(22.30 30.58 88.90| 157.90 23.68
39(7.55| 5.83| 4.01|27.00 14.85 95.10| 110.30 16.00
40| 7.70| 7.37| 6.92|21.94 31.54 89.10| 153.60 23.01
41| 7.51] 5.89] 3.96|26.83 14.76 94.00| 107.00 15.61
42|7.68| 6.49| 5.17|22.51 22.97 88.90| 128.20 19.23
43| 7.78| 8.47| 11.55(21.60 53.47 85.00| 177.40 27.21
44|7.81| 8.33] 11.38|21.75 52.32 85.70| 178.50 27.27
45|7.90| 11.36| 7.20| 23.70 30.38 107.80| 202.00 27.51
46| 8.15/11.23| 9.70|21.80 44.50 88.80| 255.00 38.27
47|8.12|11.63| 8.94|22.89 39.06 91.10| 233.00 34.52
48| 8.64| 16.35| 13.10| 20.10 65.17 76.30| 330.00 53.43
49(7.83| 8.54| 11.23|21.96 51.14 86.90| 177.39 26.91
50| 7.72| 6.53| 4.93|22.86 21.57 90.80| 129.69 19.25
51(7.91| 8.30| 11.40|21.81 52.27 86.20( 176.29 26.85
52(7.69| 6.63 5.02| 22.72 22.10 90.10| 127.79 19.04
53(7.59| 5.69| 3.81|27.04 14.09 95.20| 106.60 15.45
54|7.82| 7.60| 6.77|22.15 30.56 90.30| 154.50 22.99
55| 7.85| 7.55| 6.67|22.51 29.63 90.50| 155.10 23.06
56|7.53| 5.79| 3.86|27.21 14.19 96.30| 108.10 15.58
57|8.20{ 11.71| 9.55/22.01 43.39 90.00(| 253.89 37.85
58| 7.89|11.41| 7.05[23.91 29.49 109.00| 200.89 27.21
59(8.11|11.33| 8.79(23.10 38.05 92.30| 231.89 34.13
60| 8.46| 15.70| 12.95| 20.31 63.76 76.20| 325.89 52.80
61|7.69| 7.29] 7.07|21.73 32.54 87.90| 157.10 23.70
62| 7.86| 8.20| 11.70(21.39 54.70 83.80| 178.51 27.58
63| 7.65| 6.85| 5.23(22.44 23.31 88.40| 131.91 19.84
64| 7.50| 6.01| 4.16(26.79 15.53 93.90| 110.50 16.13
65| 7.90| 7.85| 11.53|21.54 53.53 84.50| 179.61 27.63
66| 7.75| 7.27| 6.97|22.09 31.55]« 87.70| 158.20 23.89
67| 7.64| 6.91 5.32|22.30 23.86 87.70| 129.31 19.53
68| 7.49| 6.09| 4.11|26.62 15.44 92.80| 109.30 16.05
69| 7.98|11.73| 9.09|22.68 40.08 89.90| 234.11 34.92
70| 8.10| 11.49| 9.85(21.59 45.62 87.60| 256.11 38.70
71|7.86|11.60| 7.35|23.49 31.29 106.60| 203.11 27.82
72| 8.68| 16.60| 13.25|19.64 67.46 75.10] 335.11 54.69
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Appendix Table 19. Salinity and Sodicity Induces After First Harvest in 40-60 cm Soil Layer

Requeted by: Sisay Dessale
Second bach soil data

40-60 cm

lab no pHe |Ece Ex Na |CEC |ESP sol Ca+Mg [sol Na |[SAR
73] 7.73] 6.25 5.69( 22.15 25.69 90.50| 135.60 20.16
74| 7.79| 6.94 7.40| 21.23 34.86 89.70| 162.30 24.23
75| 7.64| 5.45 4.55| 26.59 1711 96.30| 114.90 16.56
76| 7.80| 7.21 7.49( 21.32 35.13 89.90| 157.80 23.54
77|7.65| 5.46 4.43| 26.30 16.84 95.20| 111.70 16.19
78| 7.73| 6.32 5.79] 22.00 26.32 89.50| 132.50 19.81
79(7.94| 8.10| 12.14|21.02 S57.15 83.70| 181.60 28.07
80(7.93| 8.24| 11.97|21.00 57.00 84.50| 182.30 28.05
81| 8.26(10.90| 11.80( 20.80 56.73 97.80| 210.60 30.12
82| 8.45(11.08| 12.93(20.35 63.54 81.80| 262.30 41.01
83| 8.32| 11.02| 12.55(20.63 60.83 89.60| 241.00 36.01
84|8.77|11.49| 14.10( 19.58 72.01 75.60| 346.00 56.28
85(7.96/ 8.00| 12.12(20.80 58.27 82.51| 183.79 28.61
86| 7.68| 5.60 5.84( 21.95 26.61 88.51| 137.09 20.61
87|7.90| 7.96| 12.29(20.82 59.03 81.71| 183.09 28.64
88| 7.69| 5.67 5.94(21.80 27.25 87.51| 133.99 20.26
89| 7.63| 5.11 4.58( 26.10 17.55 93.21| 113.19 16.58
90( 7.86| 7.06 7.64|21.12 36.17 87.91| 159.29 24.03
91| 7.81| 7.09 7.55|21.03 35.90 87.71| 163.79 24.73
92|7.62| 5.17 4.70] 26.39 17.81 94.31| 116.39 16.95
93| 8.38| 10.05| 13.08( 20.15 64.91 79.81| 263.79 41.76
94(8.21| 10.10| 11.95| 20.60 58.01 95.81( 212.09 30.64
95| 8.27| 9.88| 12.70(20.43 62.16 87.61| 242.49 36.64
96| 8.72| 10.84| 14.28|19.37 73,72 73.50| 349.80 57.70
97| 7.86( 7.15 7:341 2152 34.11 91.89( 156.31 23.06
98(7.88| 8.13| 11.99|21.22 56.50) 85.69( 180.11 27.52
99(7.72| 6.50 5.54(22.35 24.79 92.49| 134.11 19.72
100| 7.64| 5.36 4.40] 26.79 16.42 98.29| 113.41 16.18
101| 7.92| 7.89| 11.82|21.20 55.75 86.49| 180.81 27.50
102| 7.80| 6.88 7.25| 21.43 33.83| ~ 91.69| 160.81 23.75
103| 7.69| 6.57 5.64(22.20 25.41 91.49( 131.01 19.37
104| 7.60| 5.40 4.28| 26.50 16.15 97.19( 110.21 15.81
105/ 8.25( 10.99| 12.40( 20.83 59.53 91.59| 239.51 3539
106 8.32( 11.23| 12.78( 20.55 62.19 83.79| 260.81 40.29
107| 8.19| 10.85| 11.65|21.00 55.48 99.79| 209.11 29.60
108| 8.76( 11.74| 13.98| 19.81 70.57 78.00( 344.20 55.12
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Appendix Table 20. Salinity and Sodicity Induces After Second Harvest in 0-20 cm Soil Layer

Requested by: Sisay Dessale
3rd bach soil analaysis

0-20 cm

lab no pHe |[Ece | ExNa |CEC [ESP(%) |sol Ca+Mg [sol Na [SAR
109| 7.35| 6.15 3.40[ 25.10 13:55 101.50{ 101.00| 14.18
110 7.42] 7.14 4.21] 23.89 17.62 100.00{ 122.00| 17.25
111 7.19] 4.26 2.63]|29.43 8.94 105.20] 81.20( 11.20
112| 7.44| 7.24 4.38] 23.57 18.58 99.80] 122.50( 17.34
113| 7.22] 4.78 2.59] 29.01 8.93 104.20( 77.70| 10.76
114) 7.35| 6.26 3.48] 25.35 13.73 100.50{ 100.10| 14.12
115] 7.63| 11.83 9.18] 22.96 39.98 94.60( 142.10| 20.66
116] 7.65] 11.73 8.81/22.83 38.59 95.20] 143.00( 20.73
117| 7.55| 8.68 5.92]26.63 2223 118.80] 170.00[ 22.06
118] 7.70{ 10.79 8.68 23.54 36.87 101.00{ 222.00| 31.24
119 7.64| 10.12 7.02] 25.10 27.97 101.70] 201.00| 28.19
120| 8.52| 20.00 11.61]20.24 57.36 79.80( 309.30| 48.97
121| 7.69| 11.76 8.96 22.63 39.59 97.20] 141.50[ 20.30
122 7.38] 6.50 3.55] 24.90 14.26 103.50] 99.50| 13.83
123| 7.68| 12.08 9.33] 22.76 40.99 96.60| 140.60( 20.23
124 7.37| 6.42 3.63] 25.15 14.43 102.50] 98.60[ 13.77
125| 7.19] 4.78 2.74| 28.96 9.46 106.20] 76.20| 10.46
126( 7.46| 7.46 4.53] 23.52 19.26 101.80{ 121.00| 16.96
127| 7.48| 7.55 4.36] 23.69 18.40 102.00] 120.50( 16.87
128 7.25| 3.6l 2.78] 29.23 9.51 107.20{ 79.70] 10.89
129 7.69| 11.24 8.83] 23.34 37.83 103.00{ 220.50| 30.73
130( 7.53| 8.86 6.07] 26.43 22.97 120.80( 168.50| 21.68
131| 7.60| 10.24 7.17] 24.90 28.80 103.70] 199.50| 27.71
132| 8.49] 19.35 11.76] 20.04 58.68 81.80[ 312.00| 48.79
138] 7.50] 7.1S 4.23] 23.62 17.91 97.80] 124.00( 17.73
134| 7.78] 11.85 9.03] 23.16 38.99 92.60| 143.60( 21.10
135] 7.36] 6.33 3.25] 25.30 12.85 99.50] 102.50( 14.53
136| 7.27| 4.51 2.48] 29.63 8.37 103.20( 82.70| 11.51
137] 7.75] 12.20 8.66| 23.03 37.60 93.20 144.50| 21.17
138] 7.50[ 7.33 4.06( 24.09 16.85] 98.00( 123.50| 17.64
139] 7.37| 6.46 3.33] 25.55 13.03 98.50] 101.60| 14.48
140( 7.29( 4.30 2.44] 29.06 8.40 102.20f 79.20{ 11.08
141| 7.61| 10.80 6.87] 25.30 21.15 99.70] 202.50| 28.68
142 7.72f 11.12 8.53] 23.74 35.93 99.00] 223.50| 31.77
143| 7.49| 8.65 5.77{ 26.83 21.51 116.80( 171.50| 22.44
144| 8.62| 20.96 11.46] 20.44 56.07 77.80] 328.00[ 52.59
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Appendix Table 21. Salinity and Sodicity Induces After Second Harvest in 20-40 cm Soil
Layer

Requested by: Sisay Dessale
3rd bach soil analaysis

20-40 cm
pHe |Ece ExNa [CEC [ESP (%) [sol Ca+Mg |solNa [SAR
145| 7.39 SI3 3.48| 23.55 14.78 91.10] 133.20| 19.74
146( 7.45 6.61 5.26] 22.90 22.97 90.20] 159.80| 23.80
147| 7.25 4.97 2.64| 28.90 9:13 96.20| 112.40| 16.21
148| 7.43| 5.89 5.15]:22.77 22.62 90.40| 156.00| 23.20
149| 7.26| 4.54 2.52]|29.12 8.65 95.70f 109.20| 15.79
150| 7.42 5:.71 3.53] 23.70 14.89 90.60| 131.00| 19.46
151| 7.53 7.53 11.01]21.98 50.09 83.80[ 179.70| 27.76
152| 7.56 7.45 11.10] 22.05 50.34 84.30( 180.90| 27.86
153| 7.70] 10.56 6.63| 25.50 26.00 133.20f 209.20| 25.63
154 7.95| 10.73 9.03] 22.23 40.62 109.30| 262.00| 35.44
155| 7.92] 10.62 8.35] 23.03 36.26 122.00| 239.50| 30.66
156( 8.72| 16.35 13.24( 19.89 66.57 75.90( 334.50| 54.30
157] 7.60] 722 10.95| 22.27 49.17 86.29| 179.41| 27.31
158| 7.47 6.04 3.33] 23.77 14.01 93.09] 131.71] 1931
159| 7.65 7.36 10.86( 22.20 48.92 85.79] 178.21] 217.21
160| 7.45 5.70 3.38] 23.92 14.13 92.59] 129.51| 19.03
161 7.32 5.10 2.37] 29.34 8.08 97.69| 108.10| 15.47
162| 7.58 6.89 5.00] 22.99 21.75 9239 155.10] 22.82
163] 7.53 6.66 S 11123.12 22.11 92.19] 15720 23.15
164| 7.28| 4.89 2.49] 29.12 8.55 98.19| 108.70| 15.51
165| 8.05| 10.68 8.88] 22.45 39.56 111.29] 260.51| 34.92
166| 7.73| 10.47 6.48( 25.72 25.20 135.19] 207.71| 25.26
167| 7.97] 10.51 8.20] 23.25 35.27 123.99] 238.01( 30.23
168| 8.57| 15.85 13.09] 20.50 63.86 77.89| 328.00| 52.56
169| 7.50 7.07 3.30] 22.55 23,50 88.41| 159.30| 23.96
170| 7.64 7.26 11.16] 21.76 51.28 81.81| 181.19] 28.33
171] 7.46 5.72 3.63] 23.33 15:56 89.11]| 134.69| 20.18
172| 7.30 4.96 2.79( 28.68 9.72 94.21] 113.89| 16.59
173| 7.68 7.47 11.25] 21.83 51.53 82.31] 182.39| 28.43
174| 7.55 6.60 5.41[22.68 23.85] 88.21| 158.90| 23.93
175]| 7.43 5.87 3.68| 23.48 1567 88.61| 132.49| 19.90
176 7.29 5.04 2.67| 28.90 9.24 93.71] 110.69| 16.17
177| 7.90| 10.66 8.50( 22.81 37.26 120.01| 240.99| 31.11
178| 8.03| 10.85 9.18].22.01 41.70 107.31| 263.49| 35.97
179| 7.81| 10.69 6.78| 25.28 26.82 131.21| 210.69| 26.01
180( 8.69( 16.74 13.42] 19.67 68.23 72.80| 336.90| 55.84
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Appendix Table 22. Salinity and Sodicity Induces After Second Harvest in 40-60 cm Soil
Layer

Requested by: Sisay Dessale
3rd bach soil analaysis

40-60 cm

181|pHe |Ece ExNa |CEC [ESP sol Ca+tMg |sol Na [SAR

182| 7.62| 5.38 3.89( 23.10 16.84 92.30] 137.20| 20.20
183| 7.68| 6.28 5.61] 22.15 25.33 90.50| 161.20| 23.96
184| 7.53| 4.36 2.78] 28.10 9.89 97.30| 116.60| 16.72
185| 7.69| 6.44 5.70] 22.29 25.57 90.90| 159.60| 23.67
186 7.54| 4.30 2.61127.80 9.39 96.30( 113.60| 16.37
187| 7.62| 5.36 4.00( 22.95 17.43 91.70( 134.20| 19.82
188| 7.83| 7.78 11.20] 21.97 50.98 83.30| 183.40| 28.42
189| 7.82| 7.69 10.89( 22.10 49.28 83.70| 182.90( 28.27
190| 8.23| 11.13 11.02] 21.20 51.98 99.50( 215.50| 30.55
191| 8.40| 11.06 12.20{ 20.80 58.65 83.40| 268.90| 41.64
192| 8.29| 10.99 11.68| 20.96 55.73 90.50| 242.20| 36.01
193| 8.80| 11.49 14.03( 19.61 71.55 76.10| 353.20| 57.26
194( 7.86| 7.38 11.19] 21.94 51.00 87.00| 181.30( 27.49
195( 7.58] 5.20 4.10] 22.90 17.90 95.60| 135.60| 19.61
196| 7.80| 7.70 11.25] 21.86 51.46 86.60| 181.80| 27.63
197| 7.60| 5.61 3.98] 22.68 17.55 95.00| 132.60| 19.24
198| 7.51| 4.43 2.72| 27.58 9.86 99.60| 112.40| 15.93
199| 7.76| 6.60 5.81[22.13 26.25 94.20( 160.80| 23.43
200 7.71 729 5.72]1 21.99 26.01 93.80| 163.10] 23.82
201| 7.49| 4.20 2.76| 27.94 9.88 100.40| 113.80| 16.06
202( 8.34| 9.68 12.31 20.64 59.64 86.70| 267.30( 40.60
203| 8.18[ 9.45 11.13] 21.04 52.90 102.80 213.90| 29.84
204| 8.25| 9.60 11.79] 20.80 56.68 93.80| 240.60| 35.13
205( 8.74( 10.84 14.30| 19.45 73.52 79.40| 351.60( 55.80
206| 7.75] 6.56 5.59| 22.45 24.90 87.60| 165.10| 24.95
207| 7.80| 7.38 11.06] 22.13 49.98 80.00| 185.00f 29.25
208| 7.59| 5.29 3.91]23.26 16.81 89.00| 138.80| 20.81
209 7.50f 4.54 2.63] 28.26 9.31 93.80 116.10| 16.95
210( 7.81 7.82 10.93 22.21 4921 80.40| 184.50| 29.10
211 7921 6.32 5.50[ 22.31 24.65]... 87.20] 165.90| 25.12
212| 7.60| 5.48 3.89] 23.11 16.83 88.40( 135.80| 20.43
213( 7.48 4.19 2.56| 27.96 9.16 93.00| 114.90] 16.85
214 8.23 9.41 11.57] 21.12 54.78 87.20| 243.80| 36.92
215( 8.29( 9.53 12.09] 20.96 57.68 80.10| 270.50| 42.74
216( 8.16[ 9.55 10.91] 21.36 51.08 96.20| 217.10f 31.30
217| 8.77| 11.86 14.18 19.77 7172 72.80( 354.80| 58.81
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Appendix Table 23. Sodium and Crue Proteion Concentration in Plant Tissue

Requested by: Sisay Dessale
Plant tissue analaysis

frist round second round

labno |[Na crude p (%) |lab no Na crude p (%)
1 273 7.67 50 260 8.03
2| 265 Tl 51 251 8.04
3] 288 T 52 274 8.11
4] 261 7.6 53 245 7.95
5| 294 P12 54 280 8.07
6] 269 7.65 55 254 8
7| 247 7.96 56 235 8.02
8| 258 7.99 57 238 8.06
9] 252 7.91 58 236 8.05
10| 268 7.63 59 252 7.98
11 243 7.97 60 234 8.04
12| 274 7l 61 262 8
13 299 7.67 62 284 8
14| 266 7.79 63 251 8.01
15] 260 7.67 64 245 8.04
16] 292 7.61 65 277 7.96
17] 255 7.99 66 240 8.35
18] 252 8.29 67 229 8.33
19 278 7.81 68 263 8.17
20( 285 7.79 69 270 8.15
21 247 8.14 70 239 8.17
22| 269 7.83 yil 254 8.16
23| 265 7.9 72 250 8.25
241 290 7.86 73 273 . 8.2
25 102 9.4 74| 103.6 9.87
26 97 8.98 7 98.2 9.02
27| 100.6 9.23 76) 1023 9.28
28 99.6 8.85 77| 100.06 8.83
29| 104.2 9.31 78] 1054 9.29

301 101.5 8.73 79| 104.5 8.92 n OIRTC %
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Appendix Table 24. Water Quality Analaysis ofor the Applied Irrigation Water and Deep
Percolated Water Samples

Requested by: Sisay Dessale

water quality
lab no Unit 1/W |2W  |3/W 4/W |5/W
sol Na  [mg/L 29.6 32 32| 32.6 333
sol Ca  [mg/L 34 60 60| 60.4 60.4
soil Mg |mg/L 29,11 25.55| 25.55] 25.5 25.6
EC 0.35] 0.39 0.39] 0.39 0.4
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Appendix Figure 1. Salt-affected Problem in Golina-Adisalem Irrigation Plain
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Appendix Figure 2. Disturbed Soil Sampling Using Auger
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Appendix Figure 4. First Round Irrigation Pictures (From Establishment up to First
Harvesting)
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Appendix Figure 6. Field Visit by Different Stakeholders
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Appendix Figure 8. Soil Analaysis in the Laboratory
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