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Abstract

Brackish water as byproduct from Reverse Osmosis plant (RO) after
desalination process, this considered as environmentally impact from RO
usage. It contains significant concentrations of dissolved salts ions such as
Na*, CI', Ca®*, Mg?, K, SO%, and COz* as major ions. Total Dissolved
Salts (TDS) of these ions ranged from (5000 mg/L -10000 mg/L).
Depletion of brackish water in unfriendly environmental ways causes
plant growth inhibition due to osmotic stress caused to plant and soil; also
will limiting the fields for agricultural use in the country. Phytoremediation

are one of the methods can be used for water and land salt remediation.

In phytoremediation techniques, plants are used to extract, immobilize and
degrade contaminants. The phytoextraction of salts relies on the uptake of
ions into plants biomass during brackish water irrigation process. Salts ions
are up taken by plants, sequestered and harvested as a plant biomass. This
method removes the salts from soil and/or brackish water and leaving the

environment clean.
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As high salt concentrations inhibit plant growth, Plant Growth Promoting
Rhizobacteria (PGPR) were found to improve plant growth by lowering
production of stress ethylene compound within plants, thereby increasing

the biomass and photosynthetic activity.

In this research, PGPRs were implemented to investigate the efficiency of
phytoremediation techniques for treatment of generated brackish water.
Two strains of PGPR (Pseudomonas putida UW3 and Pseudomonas
putida UW4) were isolated from natural compound and obtained from Prof.
Glick, Waterloo University - Canada, had been selected to be used with
two plants: Barley (Hordeum valgare L.) and Malt plants (Panicum
maximum Jacq.). Trials include treatment of these plants with PGPR and
without PGPR in order to study the effects of PGPRs on the plant responses
toward brackish water irrigation. All trials were carried in a designed green

house.

The results showed that PGPRs had significant effects on plant growth
(biomass), photosynthetic activity, membrane stability, and root and shoot
lengths increase under salt stress compared to control trials treated without

PGPRs and irrigated with fresh water and brackish water.

Greenhouse studies showed that plants treated with PGPRs and irrigated
with brackish water increased significantly in biomass percentage for
trails treated with fresh ware, 6000 mg/L of brackish water, 10000 mg/L
of brackish water related for treated Barley seeds with UW3 ( 237.31%,
249.40%, 156.11%) and for treated Barley seeds with UW4 ( 156.11%,
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237.31%, 288.83%) and for trials treated with UW3 and UW4 (128.12%,
267.67%, 288.56%) compared to control trials without PGPR irrigated
either with fresh water (dd H,O) (100%), or 6000 mg/L (8.98 %) and
10000 mg/L of brackish water (150.08% ). It was noticed that the
PGPRs treated plants had (283%), increase in their root and shoot length
(respectively). Salt ions accumulation was found to be increased in shoots
(159.09 mmol, 179.73 mmol) /0.114m? of pots. TDS for decant water
decreased to reach (0.101 mg/L). Electrolyte leakage assay showed that
plant treated with PGPRs resulted in same values for trials treated with

fresh water, less electrolyte leakage from membrane equal to 304 mg/L.

In addition, the several chlorophyll a fluorescence parameters, Fv/Fm, Y
(I and QN obtained from Pulse Amplitude Modulation (PAM)
fluorometry showed that treated plants with PGPRs resulted in

improvement in their photosynthesis under brackish water.

The novel results of this research study that carried for the first time where
PGPRs (UW3, UW4) had been used for improving the phytoremediation
activities of two salt tolerant plants: Barley (Hordeum valgare L.) and
Malt plants (Panicum maximum Jacq.) had showed a very clear and
significant improvements of high salt uptake and thus high
phytoremediation activities of these plants once they were treated with
PGPRs. The results of this research will be considered as an outbreak in the

phytoremediation science and future applications.
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Chapter One
Introduction
Background

1.1 Importance of Water:

Water is considered to be basic and vital component of the social,
economic, political fabric of Palestine. Its sector represents the basic
foundation for sovereignty and attachment to our land, there is limited
source, classified into surface and ground water. Depletion of water
resources recently and deterioration of it becomes the key of environmental
challenges; it requires urgent action to treat water to an appropriate quality
and quantity for meeting disposal and beneficial reuses [Marie and

Vengosh, 2001; Yasser, 2006].

Many techniques and operations have been implemented to treat
wastewater and saline water in Palestine. Four reverse osmosis plants exist
in Jericho for treatment brackish and brackish water. This operation has
side product such as generated brackish water. Disposal of it cause salinity
of soil, and inhibit plant growth. To minimize effect of brackish water
disposal into environment, many researchers have been put into finding
economical and effective methods for treatments of it through many

feasible processes [Assaf, 2004].

Phytoremediation technique it’s a technique uses of plants to take up ions

into their biomass, then above ground biomass can be harvested, Still until
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now days Phytoremediation process didn’t use widely due to high salinity

inhibit plant growth even tolerant plant species [USEPA, 2000].

In this study, phytoremediation technique implemented for treatment of
generated brackish water from RO plant using Barley plant (Hordeum
vulgare L.) and Malt plant(Panicum maximum Jacg.), these plants
germinated with PGPR. Some of trials with PGPR imbibed with hydrogen
peroxide to study the effect of antioxidant resistance damage cause by

production of ROS under salt stress.
1.2 Literature Review:

No Large scale mentioned about reverse osmosis method in treatment
generated brackish water; reviewed paper only handled refinement of pores
of membrane for distillation. Amount of fresh water added to lower the
ions concentration in water. In (2003) Tchobanoglous et al. provided about
brackish management and examined broader context of brackish treatment.
The treatment technologies include membrane filtration process such as
RO; lon exchange process such as electrolysis or weak acid cation; and

exchange or evaporation process such as brackish concentrators.

Mac neilll (2011) mentioned remediation methods for salt impacted soils
include excavation, leaching, electronic restoration and phytoremendaition.
Phytoremediation enhanced with PGPR shown satisfactory results in

infiltration of soils salinity by sequester ions by biomass of plant.
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As outlined in by Glick and Penrose, in (1998) PGPR improved plant
growth under stressful condition by lowering the ethylene stress hormone,
and in (2009, 2014) other researches handled germination of seed with
(PGPR) [Munees and Mulugeta, 2014; Wu, 2009]. Their researches applied
on field trial with many different species of tall wheat, rice and Barley
plants in saline soil. In (2009) Shan and Mac neilll in (2011) determined
effect of H,O, seed imbibitions on rate of germination under saline
condition, both alone and in combination with PGPR treatment for Barley

and tall wheat grass.
1.3 Objective:

1- Study the effect of Plant Growth Promoting Rhizobacteria (PGPR) on
plants in terms of biomass production and photosynthetic activity under salt

stress will be examined.

2- Study the effect of PGPR on plants cells integrity, salt ions entry damage

cell membrane, and increase its permeability studied.

3- Measure NaCl accumulations in plants and compared it with control

plants trials.

4- Study the effect of antioxidant H,O, on seed germination rate under

brackish water examined.



1.4 Justification:

In our country large amount of generated brackish water (about 10-12
million m®) produced yearly from five stations of reverse osmosis plants in
Jericho districts. Brackish water were disposed in unfriendly environmental
ways by spilled them out in soils and/or streams which created further to

environmental problems [Palestinian Water Authority, 2013].

Moreover, brackish water from ground water at Jericho area wells and

ranged for TDS according to Table 1.1.

Recently some researches proved the effective of Phytoremediation
technique in soil salinity treatment. In this research, Phytoremediation will
be implemented as a method for treatment of generated brackish water by
using selected tolerant plants species germinated with PGPRs at Palestine.
The results of these experiments will be used for successful treatments of

brackish water field.

Table 1.1: Classification of water categories according to TDS in mg/L

(www.who.int/en).

Fresh water Brackish water Sea water Brine

0-1500 1500-10000 10000-35000 | > 50000
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Chapter Two

Background

2.1 Reverse Osmosis plants:

For any natural process between two solvents differ in concentration with
semi membrane located between them, the solvents start to move from an
area of low solute concentration (high water potential) through membrane
to an area of high solute concentration (low water potential), This process

named as osmotic process [ Arnot et al., 2011].

Any applied external forces such as pressure to reverse this natural flow
become a new process named as reverse osmotic process which is defined
as a process of forcing a solvent from a region of high solute concentration
through membrane to a region of low solute concentration [Al Agha et al.,

2005 and Arnot, 2011].

This reverse osmotic process depends on manufacturing reverse 0smosis
plant for water purification where reverse osmosis takes place through
denser layer polymer matrix- membrane; either of interfacial polymerized
layer or natural skin differs in size of pores, according to type of molecules

and ions needed to be removed to produce portable water.

Pure solvent produced from the plant and the other solute which contains

higher concentration of salt ions retained into the pressurized side of
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membrane, named as generated brackish water. It’s by product for this

process.

This process cannot be considered as economical process. It requires high
pressure usually (2-17 bar) for fresh water and brackish water, and (40 — 82
bar) for sea water [Marie and Vengosh, 2001]. One of the most
disadvantages is a large quantity of brackish water produced (10-12 million

m?®) produced yearly from five stationeries in Jericho district.

2.2 Definitions of brackish water and generated brackish

water:

Brackish water term is similar to generated brackish water term in salt ions
contents. These differ in terms only to distinguish the latter term as

industrial waste generated from reverse osmosis plant.

Brackish water defined as a solution contains significant concentrations of
dissolved salts ions. Typically it contain high levels of free ions such as
Na*, CI,Ca”, Mg? ,K™SO?% andCO;% as major ions. These
concentration usually expressed as total dissolved salts per liter in units of
parts per thousand (per mille) or parts per million (mg/L) [Al Agha et al.,
2005; Arnot et al., 2011].

TDS parameter for generated brackish water produced from RO plants in
Jericho districts range from 1500- 10000 mg/L [Marie and Vengosh,
2011].
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2.3 Measurement of brackish water parameters:

Electrical conductivity is an instrument used for electrolysis of brackish
water measurements which measures total amount of minerals salts
present in water. The mineral salts constitute of a mixture of electrolytes.
These constituents are usually reported in units of TDS (mg/L) or (ds/L)
[Al Agha et al., 2005; Arnot et al., 2011]. Table 2.1 shows water salinity

based on TDS in water.

Table 2.1: Classification of water categories according to TDS in mg/L.
(www.who.int/en)

Fresh water Brackish water Sea water Brine

0-1500 1500-10000 10000-35000 | > 50000

The TDS in water between ranges 1500-10000 mg/L consider as highly

brackish water.

2.4 Effect of brackish water on environment:

Disposal of brackish water into environment cause problems issues to soils
and plants.

2.4.1 Impacts of brackish water on soil quality:

Brackish affects soil structure and increases salinity of soil, especially Na*
and CI', according to amount of ions impact soil, the soil classified from
saline to sodic depend on (conductivity of a saturated paste) ECe, and high

Sodium Adsorption Ratio (SAR) [Bohn et al., 1985].


http://en.wikipedia.org/wiki/Brackish_water
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Sodium is particular concern for soil quality. Where negatively charged
particles from soil structure, these negatively charged particles typically
matched with divalent cations which they are calcium and magnesium. This
composition connects clay particles into large flocs. These flocs don’t pack
tightly to allow for air, water and roots to pass through it easily, additions
of sodium ions as monovalent cations result in exchange between
monovalent and divalent cations at negative charges in soil particles. These
exchange results in variation in soil structure cause disruption on
flocculation of soil, where flocs disperse and soil particles pack more
tightly [Bohn et al., 1985; Cramer, 2002].

For measurement of soil salinity EC, TDS, SAR parameters are used for
determination of salinity of soil and its quality where:

EC term abbreviated for Electrical Conductivity for soil solution extract.
Total concentration of ionized solutes report in units of (ds/m) or (mg/L)

[Alva et al., 1991 and Walton et al., 1989].
ECe=KXEC xiyeeiiiiiiiiii i Equation (1)

Where:

EC. defined as soil sample with deionized water added just to the
saturation points.

EC.. y where x mass of soil and y is volume of water used to make the

saturation point.
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K it’s an empirically determined conversion factor between two formulas
shown above, usually the k value for the equation below is typically

between 2 and 4, and it based on the ionic content [Alva et al., 1991].

TDS is another parameter refers to total dissolved solids. This is less
common measurement for ions salts, report amount of dissolved ions in any
solution with units of mg/L, by weighing precipitated minerals of filtered
brackish water after dried of known volume for total sample. TDS can be

related to electrical conductivity by following equation [Alva et al., 1991].
TDS =K X EC oo Equation (2)

On the other hand, SAR term refers to sodium adsorption ratio which
determines risk of damage happen to soil structure by sodium ion related

to calcium and magnesium cations as shown below:

[Na']

J{[Eﬂz+] -I' [Mgz_'_]) ........................................
2

SAR =

Equation (3)

This equation presents a comparison of concentration of sodium ion to
calcium and magnesium ion, typically these divalent cations act as counter
ions in soil flocculation [Alva et al., 1991].

These parameters help for determination of salinity in soils; Table2.2
shows ranges of reference measurement value of soil salinity indicate best

soil can be used for cultivation.
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Table2.2: Classification of Soils by EC and SAR [Mac neilll, 2011]

Criteria | Unconditional | Moderately | Saline | Highly
Use Saline Saline

EC(dS/m) <2 35 68 | >8

SAR <5 6-8 9-12 > 12

The EC and SAR are parameters show the levels of salinity of soils as
shown in Table 2.2, where best condition for plant growth for salinity
below a value of 2 ds/m and for sodicity as measured by the SAR are below

4 or 5.

These references values reported in Table 2.2 used in study for
determination of salinity of soil.

2.4.2 Impact of brackish water on plants:

Impact of brackish water is the most severe environmental stress on plants.
The common ions stress and inhibit plant growth are sodium and chloride.
When these ions enter the soil and surround the rhizosphere( part of root).
It causes differences between water potential in roots above water potential
in soils. This change lowers the movement of water from soil into
rhizosphere, limiting water and nutrient uptake [Aard, 2007; Ashraf, 2004;
Das and Parida, 2005].
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2.4.2.1 lon specific damage:
2.4.2.1.1 Na"ion toxicity:

Na * is the primary causes of disorder from enzyme activation to protein

synthesis. It considered more toxic than CI" ion.

Once high concentration of Na" enters rhizosphere, it rapidly translocate to
shoots via the xylem. Then it does accumulate in leaves result in necrosis

and short of lifetimes of individual leaves.

Moreover, sodium has numerous physiological effects. It causes
deficiencies of other nutrients by interfering with ion transporters K*. K" is
essential to activate more than 50 enzymes and synthesis of protein which
play role in cellular functions. This interfering happen due to Na™ is similar
to ionic radius to K™ this similarity allow for competition between these
two ions. This competition results in an overabundance of sodium in tissue
compared to potassium, and enters in coordination with t-RNA, resulting
inhibited protein synthesis, leads disruption these cellular functions[Blaha

et al., 2000; Blumwald and Aharon, 2000; Carden et al., 2003].

The same competitive is found with displacement with calcium ion by
sodium ion, where it lowered calcium concentration within plant. This
competitive impair gas exchange rate for photosynthesis. Even deficiencies
of magnesium due to sodium entrance inhibit photosynthetic rates in plants,

further chlorophyll synthesis and functions [Parida and Das, 2005].
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2.4.2.1.2 CI ion toxicity:

Chloride ion requires in plants to some limited levels as vital ions inside
plants. It’s involved in photosynthesis mechanisms in adjusting osmotic
potential and maintains electrical charge through membrane [Naidoo and

Somaru, 2008].

Excess levels than required for plants process causes toxicity and inhibition
of photosynthesis process. Its accumulation causes toxicity to leaves

[James et al., 2006; Naidoo and Somaru, 2008].
2.5 Salt tolerance level in plant and its mechanisms:

Plants are divided into two groups according to their ability to tolerate salt
which they are Halophytes and Glycophytes. Halophytes are more adapted
to salt stress than Glycophytes. Differences between these groups are in the
stability of their enzymes and physiological process; even Halophytes are
inhibited at some point of high concentration of salts [Das and Parida,

2005].

Some examples of salt tolerance plant as: Oats, Barley and Wheat, also for
tolerant grass include: Tall Wheatgrass and alkali grass [Ashraf, 2004;
Niazi et al., 1991].

Tolerance mechanism of Halophytes can be classified into avoidance or
adaptation or accumulation as shown in Table 2.3 [Munns and Tester,

2008].
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Table 2.3: Tolerance mechanisms of Halophytes [Munns and Tester,

2008].
Avoidance 1- Grow only during favorable seasons
2- Grow only in favorable areas.
3- Limitation of root growth to select soil
horizons
Adaptation 1-Selectivity against Na and CI.
Process 2- Exclusion of salt from shoots.

3- Diversion of salt out of assimilating tissues.
4- Compartmentalization of salts with in plant,
tissue, and cells

Tolerance 1- Increase salt tolerance of tissue, cells and
organelles.

2- Increase in halo —succulence:

a) Increase in leaf —succulence.

b)  Increase in stem —succulence relation of
leaves.

2.5.1 Osmotic stress:

Osmotic results when these ions enter the soil and surround the rhizosphere
(part of root). It causes differences between water potential in roots above
water potential in soils. This change lowers the movement of water from
soil into rhizosphere, limiting water and nutrient uptake [Aard, 2007;

Ashraf, 2004; Das and Parida, 2005].

In order to overcome osmotic stress it should counteract its action by
continuously pump sodium and chloride ions to above ground tissue. This
process has been effectively employed by Halophytes, it considers as key
to distinguish it from Glycophytes, another mechanism includes
biosynthesis a serious of organic compounds called: compatible osmolytes.

Compatible osmolytes compounds are usually molecular weight, high-
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water soluble and non-toxic at higher cellular content, such as sugars,
acids, Quaternary Ammonium Compounds (QACS). These compatible
osmolytes can counteract negative effects of high osmotic pressures in
plant tissues. Proline is another synthesized compound also wildly used in
plants cytosol, under salts stress. The precursor for Proline biosynthesis is
glutamic acid and bifunctional enzymes pyrroline-5-carboxylate synthases
reductase (P5CR). It acts as correlation with salt stress tolerance [Munees

and Mulugeta, 2014; Munns, 1993; Munns and Tester, 2008].
2.5.2 lon selectivity stress:

To cope brackish water effect plants tend to be selectivity of ions, by taken
up ions into plants and exclude those are toxic. It is stored in vacuoles
within plant cells to maintain osmotic potential in the vacuole and
cytoplasm. This translocation of Na® is achieved via Na* diffusion
channels, Na* pumps and Na'/H" antiporters, when Na* accumulates in
vacuole, osmotic potential balanced between the cytoplasm and vacuole,
moreover the stress can be resolved by synthesis and accumulation of
organic solutes that do not inhibit biochemical reactions in plants such as
Proline and Sucrose [Apse et al., 2011; Carden et al., 2003; Karely et al.,
2000].

2.5.3 Oxidative stress:

Under non- stressed conditions, the photo system process inside chloro

plastes run naturally with production of byproduct whichis (RO S). RO S
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represented as: Singlet oxygen ( O, ), superoxide (O,"), hydroxyl group
(HO) and hydrogen peroxide (H,0,), these byproducts produced in rate of
240 mMs*for superoxide and 0.5 mM for hydrogen peroxide under non

stressed conditions [Apel and Hirt, 2011].

While under salt stress, plants need to maintain turgor pressure and
compartmentalization, so induced osmotic pressure leads to stomata
closure, cause immediately decrease in CO, diffusion rate and
photosynthetic fixation of CO, this increases rate of superoxide to 240-720
mMs™ and for hydrogen peroxide 5-15 mM. This rapid increase of ROS in
cells is called “oxidative burst”, where it distrust the cellular metabolisms

[Apel and Hirt, 2011; Babu et al., 2001 and Wahid et al., 2007].

According to studies done by [Apel and Hirt, 2011; Babu et al., 2001;
Wahid et al., 2007] other reasons causes increasing rate of ROS under salt

stress are:

(1) Closure of stomata to prevent water evaporates. This closure leads
restriction in supply of CO,, lead to underperformance of Calvin
cycle which fixes carbon and NADP™ (electron acceptor). Under this
salt stress, less amount of NADP™ produces. Thus electron transfer to
reduced molecular oxygen is reduced to superoxide by ferredoxin in
photo system | (PSI).

(2) Enzyme responsible of electron transports systems affected by ion

toxicity. Under salt stress when light energy captured by the light
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harvesting complex (LHC) exists a triplet (ground state) to singlet
oxygen, which is represented of ROS.

(3)Under non stressed condition, 10% of electron leak out from the
transport chain, while under stress condition the amount of leakage
of electrons increase in photo system (Il) reaction center this raise in
leakage of electron produces more superoxide and hydrogen

peroxide.
2.5.4. Salt stress and photosynthesis:

Photosynthesis is a physiological process in plant uses energy to form O,
carbohydrates and ATP (adenosine triphosphate). The process starts with
absorption of light and convert of photon energy to electron. Then electron
excited to higher energy levels through electron transport chain in
thylakoid membrane, ended with change NADP* to NADPH form and
adenosine triphosphate (ATP) [ Baker, 2008; Flexas et al., 2004].

Salt stress impaired photosynthesis process by restriction availability of
CO, for carboxylation reaction due to stomata closure. Accumulation of
high concentration of salts in photosynthesis tissues result in swelling of
thylakoids and distortion of chloroplast membrane; disrupt all process in
plant. Measurement of photosynthesis can be used as another indicator of
plants under salt stress using PAM fluometry spectroscopy [Beer, 2008;

Meloni and Oliva, 2003].
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2.6 Remediation techniques:

Remediation of soil affected by brackish is achieved by physical removal
of ions from soil. Physical removal techniques include: excavation,
leaching and recovery, electro kinetic restoration and photo remediation

[Qadir et al., 2007; Zhang et al., 2005].
2.6.1 Phytoremediation:

Phytoremediation is a physical removal technique, which is implemented in
this research. This technique differs from other mentioned techniques by
using plants to mitigate organic and inorganic contaminants in soils

[USEPA, 2000].

Advantages of phytoremediation techniques over other mentioned
remediation technigques depend on cost effective; economical easily applied

[Su et al., 2008].

Phytoremediation has different mechanisms based on contaminates fates.
These mechanisms are: degradation, extraction, volatilization,
transformation, filtration or combinations of these. The mechanism carried
in this study is phytoextraction mechanisms in which plants take up salts
ions during irrigation with brackish water and accumulate it in above
ground portions of plant, after biomass reached its crop coefficient (K) it
can be harvested lead to clean soil, even there is limitation to its
advantages. Phytoremediation consider as time consuming, it requires

several growing seasons to lower levels of salts or unwanted contaminants
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as mentioned by study of Shan (2009), beside high levels of salts inhibited
plant growth and germinations, even for salt tolerant plants species [James

et al., 2006; Munns and Tester, 2008; Shan, 2009].

2.7 Plant Growth Promoting Rhizobacteria (PGPR):

PGPR is naturally occurring bacteria. Rhizosphere refers to
narrow zone of soil direct surround around the root system

of plant.

These microbes naturally motivated plant growth
promotion through direct and indirect mechanisms shown in
Table 2.4 and Table 25 show examples of some of these
strains via its functions [Munees and Mulugeta, 2014].

Table 2.4: PGPR mechanisms [Munees and Mulugeta, 2014].

PGPR action through | 1- Nitrogen Fixation

directly and indirectly | 2- Hormone Production

mechanism 3- Helps in Nodulation

4- Nutrient Uptake

5- Siderphores production Dbio

control

Phytoextraction depends on ability of plant to grow and extract
contaminants of salt in its biomass. High concentration of salts above
effectiveness of remediation process cause to produce ethylene hormone

stress, this hormone lowers rates of germination and biomass production
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One way to enhance plants growth under stress is to lower hormone stress
in plants, this can be done by PGPR [Glick and Penrose, 1998; Kende,
1993; Qadir et al., 1996; Wu, 2009].

Direct mechanisms include: production enhancement substances, facilitate
acquisition of nitrogen, phosphorous and motivation plant hormone

concentration levels.

Indirect mechanisms involve decreasing inhibitory effects of many
pathways limit plant growth or effect photosynthesis process [Glick and

Penrose, 1998; Munees and Mulugeta, 2014].
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Table 2.5: PGPR strains [Munees and Mulugeta, 2014].

PGPR strains

PGPR strains mechanisms

Pseudomonas putida

IAA, siderophores, HCN, ammonia, exo-
polysaccharides, phosphate solubilization

Pseudomonas aeruginosa

IAA, siderophores, HCN, ammonia, exo-
polysaccharides, phosphate solubilization

Klebsiella sp.

IAA, siderophores, HCN, ammonia, exo-
polysaccharides, phosphate solubilization

Enterobacter asburiae

IAA, siderophores, HCN, ammonia, exo-
polysaccharides, phosphate solubilization

Pseudomonas sp. A3R3

IAA, siderophores

Psychrobacter sp. SRS8

Heavy metal mobilization

Bradyrhizobium sp.

IAA, siderophores, HCN, ammonia, exo-
polysaccharides

Pseudomonas aeruginosa 4EA

Siderophores

Bradyrhizobium sp.
750, Pseudomonassp., Ochrobact
rum cytisi

Heavy metal mobilization

Bacillus species PSB10

IAA, siderophores, HCN, ammonia

Paenibacillus polymyxa

IAA, siderophores

Rhizobium phaseoli

IAA

Stenotrophomonas Maltophilia

Nitrogenase activity, phosphate solubilization,
IAA, ACC
Deaminase

For this study chosen strains which are P. putida UW3 and P. putida UW4

implement indirectly mechanism which explained in details in next section.
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2.7.1. PGPR and brackish water:

In presence of up to 172 mM NaCl Glick (1998) reported that PGPR strains
had high ACC deaminase activity, enhanced to more resistance under
saline condition which is observed increase yields, with enhancement of

nitrogen fixation as shown in Figure 2.1 [Shan, 2009].
2.7.2. Ethylene and ACC deaminase:

Naturally produced ethylene is necessary components for many plants for
seed germination, but high levels of it can impede plant growth. PGPR are
able to inhibit production of high concentration of ethylene through

hydrolyzed ethylene precursor ACC [Glick, 1995].

ACC deaminase defines as amino cyclopropane-1-carboxylate (ACC)
deaminase produced by some strains of PGPR. Under salt stress inside
plant root ACC synthesis converts S- adenosyl methionie (AdoMet) into
ACC which convert after that to ethylene by oxidation of ACC, where
high concentration of ethylene cause stress to plant and growth
inhabitation, so existence of PGPR on the rhizosphere of roots exuded
ACC and by the enzyme ACC deaminase its hydrolyzed to ammonia and -
ketobutyrate, this lead to take another pathway in the reaction result in
decrease in amount of ethylene and thereby alleviates ethylene induced
stress and prevent inhabitation of root elongation. [Glick, 2004; Munees
and Mulugeta, 2014; Mac neilll, 2011; Wu, 2009]. The path ways are

shown in Figure 2.1.
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Figure 2.1: Schematic diagram of PGPR containing ACC deaminase lower the ethylene
hormone [Shan, 2009].

In 1995, 1997 and 1998 Glick and coworker had showed that ACC
deaminase producing bacteria have been promoted plant growth under
different environmental stress include: salt stress, water logging, heavy
metals drought, petroleum exposure, metal organic contaminants.
Consequently, PGPR effect on plant appear in longer root length and shoot
length [Gilck, 2004; Glick, 1995; Glick and Bashan, 1997; Glick and
Penrose, 1998].

2.7.3. Auxin production by ACC deaminase producing PGPR:

Some strains of PGPR such as UW3 and UW4 secrete Indo-3-Acetic Acid
(IAA), which consider as regulator for plant growth and it enter plant cells

to stimulate root growth; also it stimulates ACC synthesis, as consequence.
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The concentration on ethylene depends on the balance of the IAA and ACC

deaminase [Glick and Penrose, 1998; Munees and Mulugeta, 2014].

In 2004 Glick et al., proposed a model to explain how ethylene and 1AA
interact as feedback loop; decrease in levels of ethylene by ACC deaminase
not only regulates plant stress responses, also relieves ethylene repressed
Auxin Responses Factor (ARF) synthesis lead to plant growth promotion

resulted from both stress alleviation and growth stimulation [Glick, 2004].
2.8. Effects of ROS on seed germination plant:

Under stress production of ethylene hormone in high concentration and
plants resort to closure its stomata to limit water loss by evaporation. This
closure procedure halts gas exchange between plants and atmosphere where
this halts increase in content of oxygen species compared to carbon dioxide
concentration, where carbon dioxide consider more necessary than oxygen
species for carbon fixation and acceptance of electron from PSI and PSII.
Oxygen species convert to ROS as mentioned in pervious section and
disrupt plant physiological [Apel and Hirt, 2011; Babu et al., 2001; Wahid
et al., 2007].

Figure 2.2 shows transfer of light through PS Il and PSI in plants. Diagram
(A) shows the normal movement of electrons, resulting in CO, as terminal
electron acceptor and fixation of carbon into sugars. Diagram B shows
exposure to osmotic stress resulting in closure of stomata, resulting in

reactive oxygen species as terminal electron acceptor [Mac Neill, 2011].
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Figure 2.2: Two paths one for open stomata represented in A and second one for closed stomata
represented in B [Apel and Hirt, 2011; Babu et al., 2001].

Notice electron movements for closed stomata pathway, if O, is final
electron acceptor, it will result in ROS . This species interact with DNA,
pigments, protein, lipids and other essential cellular components leading to
a series of random destructive process. For DNA and protein include
denaturation, also loss of membrane integrity [Apel and Hirt, 2011; Babu et

al., 2001; Wahid et al., 2007].

Meanwhile, for open stomata 20-25% of electrons diverted to formation of
ROS, these little amounts of it participate in cell signaling. It represent as
antioxidant as H,O, which activate several nitrogen — activated protein
(MAPK). MAPK represents central for mediating cellular responses to
multiple stress [Mac Neill, 2011; Miller et al., 2010; Mittler, 2002; Wahid
etal., 2007].
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In this experiment exogenously imbibing of H,O, solution to seed at
concentration of 60 mM as recommended from previous study by Mac
neilll, 2011 to study antioxidants activation under brackish water effect

[Mac neill, 2011; Meloni and Oliva, 2003; Miller et al., 2010].

2.9 Pulse Amplitude Modulated (PAM) Fluorometry:

Photosynthetic performance of plants evaluated through the chlorophyll
fluorescence measurement. Biophysical process carries through three main
protein complexes PSII. The cytochrome b6/f complex and PSI are shown
in Figure 2.3; PSII located on the membrane of plants and consists of light —
harvesting center 11 (LHCII), Oxygen —evolving complex (OEC), Reaction
center (P680), Primary electron acceptor pheophytin (Pheo) and secondary
acceptor Qa and Qg PSI contains light harvesting center | (LHCI) and

reactions center p700 number of electron acceptor [Beer, 2008].

chloroplast stroma

ferredoxin-NADP reductase

oxygen-evolving complex

thylakoid lumen

Figure2.3: Schematic of the thylakoid membrane showing the components of photosynthetic
electron transport chain [Beer, 2008].
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When light absorbed by chlorophyll it passes one of these following ways:

1- Dissipation as heat.
2- Remission as light.

3- Energy to drive photosynthesis.

In this research, (PAM) fluorometry measured chlorophyll a fluorescence,

Recoding information from instrument indicates functionally of PSII as
flow of electron, rate of photosynthesis by emitted light from the pulse and
measured light, heat dissipation is relatively constant during measurements.
The following charts indicate several chlorophyll fluorescence parameters,

as: Fv/Fm, yield, Qp, Qn, are shown in Figure 2.4 [Mac neill, 2011].
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Figure 2.4: Nomenclature of PAM fluorescence parameters for dark-adapted leaf [Mac neill,
2011].
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These parameters used to assess the effective of photochemistry in plants,
beside in this study they are as indication effect of salinity on
photosynthetic electron transports.

Each term abbreviated as followed:
ML term: Modulated measuring Light.
SP term: Saturating Pulse.

AL term: Ancident Light.

FR term: Far Red light.

Fv term: is the variable difference Fluorescence between Fm and F,.
Fm term: Maximal Fluorescence of dark adapted tissue.
Fm " term: Maximal Fluorescence of light adapted tissue.
Fo term: Minimal Fluorescence.
Fs term: Stead state Fluorescence.
Yield parameter equal to:
Yield = v/ Fm. Equation 4
FVEFM -FO. Equation 5
It represent maximum quantum yield of PSII center when it’s open.
Y is another calculation of yield at steady state photosynthesis and
represented by:
Y=[FM—Fs/Fm].. ..o Equation 7
Optimal values for yield ranges between 0.5 to 0.75, lowered value

indicates that plant is stressed.
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dp termis: Photochemical Quenching represented as
Op =[( Fm*® —Fs) /(Fm*-Fo)] ...........coo Equation 8
g, term is : non-Photochemical Quenching of fluorescence which is
represented by:
[1- (Fm-FO) / (FM-FO)]. e Equation 9
Value of gp indicate PSII reaction center that are open and equal the
approximate oxidation of PSIl, while qn parameter related to the

dissipation of energy as heat and photo inhabitation [Shan, 2009].
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Chapter Three
Material and Methods

3.1. Selecting and culturing PGPR:

In this research two salt tolerant plants species selected [Barley plant
(Hordeum vulgare L.), and Malt plant (Panicum maximum Jacq.) and used
for phytoremediation. In order to increase their liability and tolerance to
salty conditions, trials tested by incorporating them with (PGPR):UW3 and
UW4.These strains will be used in coating seeds separately, or in

combination.

These two bacterial strains: UW3 and UW4; had been selected and
brought from Prof. Glick lab; at Waterloo University Canada, were grown
in Troptic Soy Growth (TSB) media. The media for UW3 growth was the
only one that contained 100 mg/L of Ampicillin antibiotic (AMP). Solid
media had been prepared by addition of 7.5 g of agar for preparation of
solid plates. Bacterial strains were cultured on solid and liquid media for
each strain at 30 °C for overnight. Some of these prepared bacteria were
transferred to sterile falcon tubes with addition of glycerol layer (1:1)

volume and stored at -80 °C as stock liquid solutions.

For liquid cultures preparations, bacterial inoculums had been transferred
to 50 mL falcon tubes containing proper TSB media and incubated at 30 °C
with shaking at 200 r.p.m in rotatory shaker (orbital shaking incubator,

labtech, LSI-3016 A) for 26 hour.
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3.2. Seed treatment with PGPR:

Cultures for each strain were transferred to two 50 mL falcon tubes
separately, followed by centrifugation at 2000 r.p.m for 20 minutes using
(Universal 320 R). The pellets were resuspended in 10 mL of dd H,O and
the Optical Density (OD) had been measured for each strain at wavelength
600 nm by UV-spectrophotometer (Spectro UV-Vis Dual Beam -8 Auto
cell, UVS- 2700) to have 1.5 OD for UW3 which is perfect germination
and 2.0 OD for UW4 include for perfect germination [Mac neill, 2011;
Shan, 2009].

For adhesion process of bacterial cells to the seeds surfaces,
methylcellulose white gel polymer was prepared. Briefly,7g of
methylcellulose powder were dissolved in 500 mL of ddH,O; stirred for
one hour until most of clumps had been dissolved, before they were
autoclaved for 20 minutes at 110 °C and 100 psi using auto cleave (EQUS
steam sterilization auto cleave). The resulted polymer was white gel and it

becomes clear gel upon cooling.

The next step was including the adhesion process by adding of 2.5 volumes
of methylcellulose polymers to one volume of bacterial suspension. Then
the bacterial-methylcellulose polymers incorporated with (2.5:1) volume
for Malt seeds and up to (7:1) volume for Barley seeds. It is worth to
mention that plant seeds had been disinfected previously by soaked in
bleach sodium hypochlorite (1%M) for 10 minutes, followed by three times

washing with ddH,0.
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After seeds treatments with PGPR, they were dried for 5 minutes at room
temp before they were transferred into sealed autoclaved plastic bags, and

then stored at 4 °C for one week prior usage.
3.3. H,O, imbibing of seeds:

This exogenously imbibing of H,O, solution to seed to study antioxidants
activation under brackish water effect and not depend on ozone in air due

the process of coating done to seed before germination.

Seeds had been soaked in prepared solution of 60 mM H,0, for 3 hours as
recommended from experiments of Mc niell, 2011 after imbibing process,
part of seeds was treated with UWS3 strain as mentioned in section 3.2.
Others were soaked only in H,O, and both were transferred to autoclaved

sealed plastic bags stored at 4 °C and used within one week of imbibition.
3.4. Measurement of PGPR growth curve at saline condition:

Saline media were prepared to study growth of PGPR at different saline
condition for testing their performance to salt especially salt ions (Na* and
CI) ions. Salt ionic compound concentrations usually found in brackish
water were between 5000-10000 mg/L. For that, (TSB) media with
different concentration of NaCl (0.05g, 0.08 g, 0.16g, and 0.24 g,) were
prepared in 50 mL falcon tubes containing of TSB in 20 mL liquid

solution.
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After that, UW3 was cultured in each falcon tubes at 30 . 1 °C and shacked
at 200 r.p.m for 10 hours by shaker (orbital shaking incubator, lab tech,
LSI-3016 A). Then OD read for each falcon tube was at wavelength 600
nm by UV- spectrophotometer (Spectro UV-Vis Dual Beam -8 Auto cell,
UVS- 2700) at different time intervals from 1 — 8 hours to study the
bacterial growth responses within each range of dissolved salts of brackish
water. Each absorbance measurement was performed in triplicate at each
time for ensuring the accuracy of readings, and OD at zero time was read,

with — ve control.
3.5. Measurement of soil salinity:

Soil samples were selected to be loam soil collected from An-Najah field
campus, where they similar in texture to Jericho area soil. The soil samples
were filled in bags and autoclaved (EQUS steam sterilization auto cleave)
to ensure removal of any bacterial and/or fungi infections. Then soils were
allowed to dry to remove moisture, and sieved using 10 mm particle size

sieve.

Electrical conductivity was measured for randomly chosen samples.
Measurement based upon ECe (soil saturated with water) and EC,., (1:2
represent ratio of soil to water extract). These measurements were carried
out according to published procedure by [Shan, 2009]; measurements for
two parameters were performed in triplicate. EC;.,measurement done by
addition of 15 g of sterile-soil to 30 mL of ddH,O in 50 mL sterile falcon

tube. The mixtures were shaken on rotator shaker (Orbital shaking
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incubator, lab tech, LSI-3016 A) at 200 r.p.m for 30 minutes to make them
homogenous mixtures, and then centrifuged at 2000r.p.m for 10 minute
(Universal 320 R). Then EC was measured for supernatant using electrical

conductivity meter instrument (4510 — conductivity meter, Jen way).

For ECe (soil saturated with water) measurements; 50 g of sterile soil was
mixed with sufficient ddH,O in 100 mL beaker till reach saturation. Where
saturation, point indicated by shining appearance of the paste. The paste
allowed settling down at least 4- hours to ensure the saturation criteria after
saturation criteria had been reached, the mixture then centrifuged at 2000
r.p.m for 10 minutes by centrifuge (Universal 320 R). EC of the filtrate and
supernatant were measured by electrical conductivity meter (4510 —
conductivity meter, Jenway), and K value was determined by ratio between

EC,, to ECe.

After salinity measurements, soil samples were filled in plastic pots of 17*
16*15 cm (length*width* height) with 12 medium holes at bottom for

drainage. Then each pot was filled with 350 gram of sieved soil.
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3.6. Preparation and measurement of brackish water by using
EC:

Two concentration of brackish water were prepared in lab which equal to
6000 and 10000 mg/L, that had been chosen based on daily ranges of
generated brackish water obtained from Jericho RO plant. The two
prepared concentrations contained four salts which are: (NaCl, KNOj
MgCl, and CaCOs). For preparation of concentration of 6000 mg/L, 3g of
NaCl was added to 1g of each compounds KNO; MgCl,, CaCO;
separately, in 1 liter of warm distilled water and stirred to make
homogeneous solution. On other hand for concentration of 10000 mg/L, 7 ¢
of NaCl were added to 1 g for other compound added separately in 1 liter
of warm distilled water, after that electrical conductivity for both solution

were measured to ensure total dissolved ions within prepared.

During irrigation period, descended water due to gravity forces
(gravitational water) were collected for measurement to detect any
contaminant ions that could be leached out. These measurements were
included also the determination for how much leaching water could be

arrived to ground water and cause salinity.
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3.7. Greenhouse plant germination and growth assays:

The two salt tolerant plant species used in this research (Barley and Malt
plants) were obtained from National Agriculture Research Center (NARC)

Ministry of Agriculture, Jenin.

About 20 seeds of each plant were grown in sterile pots with 100-200cm®
sterile loamy soils. The seeds were germinated on the top of each pot after
covering them with a thin layer of about 5 cm of soil. The total numbers of
pots were 36 representing the number of trials that made for this research
study as shown in the schemes 3.1-3.6. Each pot was placed on aluminum
trays with dimensions (16*10*6) (length *width*height) to collect the
gravitational water that will be used later for measurement of soil leaked
ions left after each irrigation and seeds for treated trials all of them were

grown.

All pots were planted in early February in 2014; and maintained in
miniature greenhouse built in backyard of my house. All pots were placed
inside in rows to make it easy for irrigation (Figure 3.1). This was to mimic
the climate condition in Jericho. Greenhouse temperature was measured
twice daily. No human interference for the temperature or light intensity

during the period of the experiments.

Before germination all pots were irrigated with fresh water twice daily for
five days. Pitchers used with holes to regulate operation of irrigation, after
that each pot was irrigated to type of water it was labeled for, once on daily

basis.
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During growth stages plants had been photographed and the length shoot
were measured, before it reached crop coefficient (Kc) end cycle of its life.

After 30 days all plants were taken from pots and subjected to tests.

Figure 3.1: Greenhouse model, miniature greenhouse built in backyard of my house. All pots
were placed inside in rows to make it easy for irrigation, Greenhouse temperature was measured

twice daily. No human interference for the temperature or light intensity during the period of the
experiments.

Control seeds pots used in this experiments. One pot was irrigated with
fresh water; the second one was irrigated with brackish water of 6000
mg/L; and the last one was irrigated with brackish water of 10000 mg/L.

Each pot contained an average of twenty seeds; (a) for Barley and (b) for
Malt Plants.
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Control Barley Seeds

fresh water (brinewater =6 000ppm (brine water)=10000 ppm

(@)

‘ Control Malt Seeds

fresh water (brinewater }=6 00 0ppim ( brine water)=10000 ppm

(b)

Scheme 3.1: Control seeds pots used in this experiments. One pot was irrigated with fresh
water; the second one was irrigated with brackish water of 6000 mg/L; and the last one was
irrigated with brackish water of 10000 mg/L. Each pot contained an average of twenty seeds; ()
for Barley and (b) for Malt plants.
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Seeds pots germinated with UW3 used in this experiment. One pot was
irrigated with fresh water; the second one was irrigated with brackish water
of 6000 mg/L; and the last one was irrigated with brackish water of 10000
mg/L. Each pot contained an average of twenty seeds; (a) for Barley and
(b) for Malt plants

Barley seeds germinated with
psendomnasputida(U W3 )

I
| | |
fresh water (brinewater)=6000ppm (brine water)=10000 ppm
(@)
Malt seeds germinated with
pseundomnas putida(UW3)
|
| | |
fresh water (brinewater )=6000ppm (brine water)=10000 ppm
(b)

Scheme 3.2: Seeds pots germinated with UW3 used in this experiment. One pot was irrigated
with fresh water; the second one was irrigated with brackish water of 6000 mg/L; and the last
one was irrigated with brackish water of 10000 mg/L. Each pot contained an average of twenty
seeds; (a) for Barley and (b) for Malt plants
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Seeds pots germinated with UW4 used in this experiment. One pot was

irrigated with fresh water; the second one was irrigated with brackish water
of 6000 mg/L; and the last one was irrigated with brackish water of 10000
mg/L. Each pot contained an average of twenty seeds; (a) for Barley and
(b) for Malt plants

Barley seeds germinated with
pseudomnas putida(UW4)

|
| | |
fresh water ‘ (brinewater)=6000ppm (brine water)=10000 ppm

(@)

Malt seeds germinated with

pseudomnas putida(UW4 )

|
| | |
fresh water (brinewater)=6000ppm (brine water)=10000 ppm

| (b)

Scheme 3.3: Seeds pots germinated with UW4 used in this experiment. One pot was irrigated
with fresh water; the second one was irrigated with brackish water of 6000 mg/L; and the last
one was irrigated with brackish water of 10000 mg/L. Each pot contained an average of twenty
seeds; (a) for Barley and (b) for Malt plants.
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Seeds pots germinated with UW3+UW4 used in this experiment. One pot

was irrigated with fresh water; the second one was irrigated with brackish
water of 6000 mg/L; and the last one was irrigated with brackish water of
10000 mg/L. Each pot contained an average of twenty seeds; (a) for Barley
and (b) for Malt plants.

Barley seeds germinated with
‘ combination of (UW3+UW4)

| | |
fresh water (brinewater)=6000ppm (brine water)=10000 ppm
(@)
Malt seeds germinated with
‘ combination of (UW3+UW4)
|
| | |
fresh water (brinewater)=6000ppm (brine watery=10000
ppm

(b)

Scheme 3.4: Seeds pots germinated with UW3+UW4 used in this experiment. One pot was
irrigated with fresh water; the second one was irrigated with brackish water of 6000 mg/L; and
the last one was irrigated with brackish water of 10000 mg/L. Each pot contained an average of
twenty seeds; (a) for Barley and (b) for Malt plants.
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Seeds pots germinated with UW3+ H,0, used in this experiment. One pot
was irrigated with fresh water; the second one was irrigated with brackish
water of 6000 mg/L; and the last one was irrigated with brackish water of
10000 mg/L. Each pot contained an average of twenty seeds; (a) for Barley

and (b) for Malt plants

Barley seeds germinated with UW3
‘ imbibng with H,O,

|
| | |
fresh water (brinewater)=6000ppm (brine water)=10000 ppm
(@)
Malt seeds germinated with UW3
‘ imbibing with H, O,
|
| | |
fresh water ‘ (brinewater )=6000ppm (brine water)=10000 ppm
(b)

Scheme 3.5: Seeds pots germinated with UW3+ H,0, used in this experiment. One pot was
irrigated with fresh water; the second one was irrigated with brackish water of 6000 mg/L; and
the last one was irrigated with brackish water of 10000 mg/L. Each pot contained an average of
twenty seeds; (a) for Barley and (b) for Malt plants.
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Seeds pots germinated with H,O, used in this experiment. One pot was
irrigated with fresh water; the second one was irrigated with brackish water
of 6000 mg/L; and the last one was irrigated with brackish water of 10000

mg/L. Each pot contained an average of twenty seeds; (a) for Barley and

(b) for Malt plants.
‘ Barley seeds imbibng with H,O,
|
| | |
‘ fresh water ‘ (brinewater)=6000ppm (brine water)=10000 ppm
(@)
‘ Malt seeds imbibng with H, O,
|
| | |

fresh water (brinewate1)=6000ppm (brine water)=10000 ppm

(b)

Scheme 3.6: Seeds pots germinated with H,O, used in this experiment. One pot was irrigated
with fresh water; the second one was irrigated with brackish water of 6000 mg/L; and the last
one was irrigated with brackish water of 10000 mg/L. Each pot contained an average of twenty
seeds; (a) for Barley and (b) for Malt plants.



Table3.1: Trials Schemes.

Plant/ Trials

Barely

Control trials

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Seeds pots
germinated with

uUws

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water
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Seeds pots
germinated with

uw4

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Seeds pots germinated

with
UW3+Uw4

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Seeds pots germinated
with

UW3+ H,0,

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Seeds pots
germinated with

H0,

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water
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Malt

Irrigation with :

-Fresh water

-6000mg/Lof
brackish water

-10000 mg/Lof
brackish water

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water

Irrigation with :

-Fresh water

-6000 mg/L of
brackish water

-10000 mg/L of
brackish water
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Measurements include for wet mass in (g) and for dry mass in (g) with
differences between wet and dry Length measurements. This procedure
was done to compare between trials.

The percentage of wet mass after 30 days = root+ shoot wet mass (g) for
each trial / control wet mass for root+ shoot.

Avrea of pots = 0.114m?

% of dry = total dry for any trial /total dry of control barley irrigated with
fresh water.

3.8. Salt accumulation in plants:

Salt accumulation test was used in this study to determine the effectiveness
of phytoextraction mechanism of the tested plants. It was used to determine
how much of salt ions have been eliminated from brackish water. This
method was carried for all trials by taking roots and shoots of plants after

30 days, after they were washed with tap H,O and air dried for 5 days.

Shoot tissues were analyzed for Na™ concentration by taking 1.0 g of plant
shoot tissues into 50 mL Taylor tube. Adding 10 mL of concentrated nitric
acid to tube to make decomposition and it was leaved overnight. The tube
was heated at 125 °C for 4 hours, after that it allowed cooling. then diluted
to 12.5 mL with concentrated nitric acid, and 50 mL of distilled water was
added to tube, and mixed then aspirated directly into plasma for Inductive

Coupled Plasma ICP .

For chloride ion analysis, a titration method with AgNO3; was applied.
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3.9. Measurement of Photosynthesis with PAM Fluorometry:

Barley Plant trials were measured for their photosynthesis activities using
PAM fluorometry (LUCAM, Fluor cam version 15.1.0). Samples were dark
adapted for 20 minutes by turned off all lambs in lab before PAM analysis
were carried out to ensure the PSII centers were open. The FO minimum
fluorescence was adjusted to 0.10-12 million £ 0.040 by changing the
Florescence rate. Analyses were done for randomly chosen roots from
different trials with no other light interference to ensure only fluorescence

light were measured.

For the Fm measurements, a single non modulated saturating 0.6 s light
pulse was used. Then Fs were measured after 30 second using non
modulated 640-700 nm actinic radiation. After this step plants were left for
14 minutes to ensure the fluorescence was reached steady state. A single
non modulated saturating 0.6 s light pulse was excited every minute to

measure the Fm, in presence of actinic light.

Then all resulted parameters (Fv/Fm, yield, gPN) were measured and

marked on graphs.
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3.10. Assessment of plant cell membrane stability using the

Electrolyte leakage methods:

For each trial fresh shoot samples 1 g fresh weight of similar size were cut
into approximately 3 cm long segments, washed with ddH20, and dried
with a Kim wipe. Segments were submerged in 10 mL of ddH,0 in a 20
mL test tube and were placed into vacuum desiccators (Savant, 100). Each
sample was subjected to a vacuum at a rate of 100 L/min for 2 hours. Then
EC value of the solution was measured at room temperature of 23t1 °C

using an electrical-conductivity meter (4510 —conductivity meter, Jenway).
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Chapter Four
Results and Discussion

4.1. Measurement of PGPR growth under saline NaCl

solutions:

Different concentrations of NaCl- TSB media were prepared to test
performance of PGPR salt tolerance on two plant species “Barley and
Malt” plant and for testing their performance to salt, especially Na" and CI
ions are shown in Table 4.1.

Table 4.1: Average absorbance of UW3 grown in NaCl -TSB medium
using concentration 0 g, 0.05g, 0.08g, 0.10g, 0.16g, and 0.24g at A =
600 nm.

Absorbance at A =600 nm
welghtion Nacl 1 hour 3hours |5hours | 7hours |8hours
0.05¢ 0.46 0.47 0.49 0.50 0.56
0.08g 0.43 0.47 0.44 0.49 0.52
0.10g 0.34 0.48 0.41 0.48 0.55
0.169 0.40 0.41 0.37 0.38 0.47
0.24g 0.38 0.39 0.47 0.53 0.56
Og 0.46 0.49 0.54 0.60 0.70

For % ratio growth= Absorbance of bacteria grown in saline for each

weight / Absorbance control (0 g NaCl) at 8 hours. As shown in Table 4.2.
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For control (0 g NaCl) = Absorbance of bacteria UW3 grown in control (O

g NaCl) at each time / Absorbance of the bacteria grown in control (0 g

NaCl) at 8 hours.

Table 4.2 show % growth of UW3 in saline (0 g, 0.05g, 0.08g, 0.10g,

0.16g, and 0.24g NaCl) / 20 mL TSB medium at A = 600 nm at each time.

Table 4.2: % ratio of UW3 growth.

% of control -Absorbance at A =600 nm
weight of NaCl |1 hour |[3hours |5hours |7hours |8hours
0.05¢ 65% 70% 66% 70% 80%
0.08g 61% 66% 63% 69% 74%
0.10g 48% 67% 57% 68% 78%
0.16g 56% 56% 52% 54% 66%
0.24¢ 56% 55% 66% 76% 79%

Og 64% 70% 77% 85% 100%

Figure 4.1: % ratio of UW3 growth at A = 600 nm in NaCl-TSB medium
for concentration (0 g, 0.05g, 0.08g, 0.10g, 0.169, and 0.249).
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600.00%

500.00%

400.00%
../‘_./ —&— control Og

—=0.24g
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== 0.10g
——0.08g
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Figure 4.1: % of UW3 growth at X =600 nm in NaCl -TSB medium for concentration (0 g,
0.05g, 0.08g, 0.10g, 0.16g, and 0.24g) .

The measurements done until 8 hours after that maximum efficiency is
reached and become constant, for OD measurements and % of UWS3
growth as in (Table 4.1-Table4.3 and Figure 4.1) it showed UW3
germination were increased under saline condition at different time
interval, until it reached maximum levels and became constant without any

incensement after 8 hours.

This increase indicated that salinity tolerant performances of PGPRs were
increased [Shan, 2009]. for TSB medium contained concentration (0.08g,
0.10g, 0.249) to be as (74.55%, 78.31%, 79.68 %) respectively at 8 hours

surprisingly, measurement of bacterial growth was obtained for 0.16g salts
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contained media (66.88%), this can be related to some performance of

bacteria growth in that tube.

UWS strains were chosen only for these measurements, since there is no

differences UW4 mechanism and UW3 mechanism.

The test can be applied in future researches to study if performance of
PGPR can be differentiating with different with time interval, which will

indicate more biomass produced.

Shan (2009) study tolerance of UW3, UW4 strains with different
concentration of NaCl -TSB medium (0.5%-2.0% g) were observed and

noticed there growth increased.
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4.2. Soil Electrical Conductivity:

EC measurement for soil done before used to study any changes in its

values after irrigation with brackish water. Experimental measurements of

(TDS) for random samples of autoclaved Loam soil are shown in Table 4.3.

Table 4.3: TDS measurement for of autoclaved Loam soil random

samples, each parameter was performed in triplicate.

Name of Trial 1 Trial 2 Trial 3 Average | Standard
parameter | TDS (mg/L) | TDS(mg/L) | TDS(mg/L) deviation
ECe 70.0 72 67.2 69.7 2.4
EC 1:2 47.7 44.7 46.3 46.2 1.5

According to equation:
TDS (Mg/L) =EC (dS/m) X 640........oeeeeeeeeeeeeeeeee. Equation (6)

For EC between 0.1 and 5.0 ds/m.

Calculated EC for random samples of autoclaved loam soil are shown in

Table 4.4.




53

Table 4.4: Calculated EC for random samples of autoclaved loam soil,
each parameter was performed in triplicate.

Name of Trial 1 Trial 2 Trial 3 Average | Standard
parameter deviation
ds/m ds/m ds/m
ECe 0.109 0.112 0.105 0.109 0.003
EC 1:2 0.075d 0.068 0.072 0.0717 0.003

Measurements of EC after 30 days of cultivation period, according to data

in Annex 1 are shown in Figure 4.2.

Measuremet of Electrical conductivity for soil samples

120
100
80
PRI A RIIARES _

20

O Frrrrrrrrrrrrerr et et e r et rrrrrrrrrrr ettt e e

1 4 710131619 221252631 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76

ECe and EC1:2 parameter

average measuraemet for ECe and
EC1:2

Figure 4.2: Measurements of EC after 30 days of cultivation period, according to data in
Annex1.

According to equation:
TDS (mg/L) =EC (ds/m) X 640...........ccoivniiiiiiniieann... Equation (6)

For EC between 0.1 and 5.0 ds/m.
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Calculated measurements of EC in unit ds/L after 30 days are shown in

Annex 2; each parameter was performed in triplicate.

Texture of soil sample used in this study were similar to texture exist in
Jericho area, which is loamy texture in order to be implemented this study

in field trial in Jericho area.

According to results in (Annex .1, Annex.2 and Figure 4.2), Barley plant
trials treated with PGPRs irrigated with brackish water; their EC and TDS
values before and after 30 days showed no obvious changes in their value
they were closed to control trial irrigated with fresh water, this indicated
accumulation of salts in biomass, furthermore trials treated with H,O;
were slightly similar to trials irrigated with brackish water; indicated that

PGPR enhance more salt uptake into plant biomass.

In Malt plant trials results were not promising in promoting plant growth,
even for trials with PGPRs there values still less than values for Barley
plant trial, this can be related to some specific response of plant with these

microbes.
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4.3. Brackish water parameters measurements:

Annex 3 and Figure 4.3 showed TDS measurement for two synthetic
brackish water samples before used in irrigation, and TDS measurements
after irrigation which include for decent water (gravitational water) to
detect any contaminant ions that could be leached out. These measurements
were included for determination of their chance for salts to leach to ground

water and cause salinity.

TDS measurement of decent water in (g/l) for each trials
12
10

M Average TDS of decent brine water (g/1)

o N B O @
I I

averae of TDS measurement (g/L)

Trails

Figure 4.3: TDS Measurements for two synthetic brackish water samples before used in
irrigation and after from Annex 3.

TDS measurements for decent water for trails are shown in Annex 3 and
Figure 4.3, trials treated with PGPRs their measurements values were less
than control trials, this indicate PGPR help in increasingly phytoextraction
mechanism for salt uptake into by leaf and stem succulence. Trials included
combination UW3 and UW4 shown no significant for their combination

over trials treated separately.

TDS for decent brackish water for trials of Barley seeds treated with H,0,
and irrigated with 6000 mg/L and 10000 mg/L brackish water gave: (4.89
g/L, 8.87g/L) compared to control (5.94 g/L, 9.92 g/L), this mean only
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tolerance mechanisms happened, while hydrogen peroxide aid plant to
overcome oxidative stress through participated in cell signaling, (MAPK)

[Mac neill, 2011] where this can be separated field study.

TDS measurements for Malt plant trials didn’t show obvious significant
combination for both strains in salt accumulation of plant over trials treated

separately.

Barely plant responded more to PGPR than Malt plant; this can be
attributed to large surface area of Barley seeds compared to Malt seeds so
more bacteria strains have been adhesion to surface of Barley seeds,
another reason may be related to some specie —specific differences in
physiology and anatomy as well as specific differences in conditions
required for optimal growth for Malt plant differ from Barley plant. This
may indicate also that Malt plant may need different PGPR strains other

than those UW3, UW4 for their optimal growth condition.
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4.4. Measurements of photosynthesis with PAM fluorometry:

Photosynthesis activities of Barley plant trials were measured using PAM.
Table 4.6 includes measurement for Fv/Fm for Barley plants trials.

Table 4.5: PAM fluorometry measurements for Fv/Fm for Barley
plants, each trial repeated in 4 replicates.

Treatment Fv/IFm
Control Barley irrigated with fresh water 0.785
Control Barley irrigated with 6000 mg/L of brackish water 0.659
Control Barley irrigated with 10000 mg/L of brackish water 0.594
Treated Barley seeds with UW3 irrigated with fresh water 0.790

Treated Barley seeds with UW3 irrigated with 6000 mg/L of brackish | 0.775
water
Treated Barley seeds with UW3 irrigated with 10000 mg/L of brackish | 0.788
water
Treated Barley seeds with UW4 irrigated with fresh water 0.796
Treated Barley seeds with UW4 irrigated with 6000 mg/L of brackish | 0.756
water
Treated Barley seeds with UW4 irrigated with 10000 mg/L of brackish | 0.778
water
Treated Barley seeds with UW3 + UW4 irrigated with fresh water 0.736
Treated Barley seeds with UW3+ UW4 irrigated with 6000 mg/L of | 0.776
brackish water
Treated Barley seeds with UW3+UWS4 irrigated with 10000 mg/L of | 0.796
brackish water
Treated Barley seeds with UW3+H,0; irrigated with fresh water 0.723
Treated Barley seeds with UW3+ H,0, irrigated with 6000 mg/L of | 0.749
brackish water
Treated Barley seeds with UW3+ H,0, irrigated with 10000 mg/L of | 0.769
brackish water
Treated Barley seeds with H,O, irrigated with fresh water 0.749
Treated Barley seeds with H,O, irrigated with 6000 mg/L of brackish | 0.686
water
Treated Barley seeds with H,O, irrigated with 10000 mg/L of brackish | 0.688
water
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According to Eg. (4) and Eqg. (5) maximal yield of PSII (Fv/Fm) ratio was

calculated, where typical value of it is equal to 0.8 [Mac neill, 2011].

Trails treated with PGPR and irrigated with brackish water their values
were closed to 0.8, while control trials their vales were ranged from (0.5 -
0.6) which mean that plant is under stress, and its photosynthesis not

proceed as it should.

These indicate the performance of PGPR in increase the photosynthetic
activity under salt stress, beside it was obvious in root there color were

dark green and taller.

But trials treated only with H,O, their values were closed to control trials
which mean there is no significant contribution of peroxide in activating

cell signaling.

For trials treated with both strains UW3 +UW4 compared to trials treated
with strain separately, maximum yields of PSIl of Fv/Fm were not
significant higher; these indicate performance of trials with both strains had
same effective to tolerate to salinity and same performance of

photosynthetic as trials treated separately.
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Other photosynthesis parameters measurements, such as (Y (1), NPQ)
were measured, as shown below for each trial has its own spectra, include

in Tables and Figures below.

1- Control Barley plant irrigated with fresh water:

Replicate of measurements depend upon random selection for each

Barley plant trial it include 4 replicate are shown in Figure 4.4.
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Figure 4.4: photography random selection of Barley plant measurements for Control Barley
irrigated with fresh water.

Fs parameter was measured after 30 second using non modulated 640-
700 nm actinic radiation, after this step plants were left for 14 minutes
to ensure the fluorescence was reached steady state, are shown in

spectra 4.6 and same was done for all trials.
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Figure 4.5: PAM fluorometry spectra for control Barley irrigated with fresh water.

Table 4.6 and Figure 4.6 showed PAM fluorometry measurements for yield

Y (1) and average NPQ with standard deviation for control Barley trial.

Tables for other trials showed in Annexex.
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Table 4.6: PAM fluorometry measurement for control Barley irrigated
with fresh water:

Time Average Standard Average Standard
(min:sec) Y(I1) deviation NPQ deviation

0:0 0.7797 0.0192 0.0064 0.0008
0:0:42 0.1595 0.0274 0.0015 0.0008
0:0:62 0.1975 0.0418 0.2513 0.0354
0:0:83 0.2577 0.0466 0.3836 0.0462
0:0:103 0.3083 0.0490 0.3950 0.0532
0:0:123 0.3295 0.0473 0.3925 0.0555
0:0:143 0.3613 0.0443 0.3712 0.0562
0:02:44 0.3727 0.0405 0.3621 0.0555
0:03:04 0.3855 0.0377 0.3505 0.0538
0:03:24 0.3882 0.0382 0.3465 0.0535
0:03:45 0.3880 0.0386 0.3455 0.0521
0:04:05 0.3982 0.0399 0.3377 0.0522
0:04:25 0.4052 0.0354 0.3294 0.0491
0:04:45 0.4165 0.0362 0.3222 0.0489
0:05:06 0.4197 0.0341 0.3192 0.0463
0:05:20 0.6025 0.0368 0.2147 0.0374
0:05:32 0.6137 0.0333 0.1962 0.0305
0:05:46 0.6322 0.0280 0.1757 0.0233
0:06:04 0.6512 0.0234 0.1562 0.0149
0:06:24 0.6633 0.02164 0.1445 0.0113
0:06:48 0.673 0.0171 0.1315 0.0065
0:07:18 0.6865 0.0164 0.1197 0.0047
0:07:53 0.6943 0.0143 0.1117 0.0055
0:08:35 0.7002 0.0128 0.1065 0.0041
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Figure 4.6: PAM fluorometry Chart for control Barley irrigated with fresh water.
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2- Barley plant irrigated with 6000 mg/L of Brackish water :

PAM fluorometry spectra and chart for Barley plant irrigated with 6000

mg/L of

brackish water are shown in Figure 4.7 and Figure 4.8.
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Figure 4.7: PAM fluorometry spectra for Barley Plant irrigated with 6000mg/L of brackish

water.
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Figure 4.8: PAM fluorometry chart for Barley Plant irrigated with 6000mg/L of brackish water

as shown

in Annex 5.
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3-Barley plant irrigated with 10000 mg/L of brackish water:

PAM fluorometry spectra and chart for Barley plant irrigated with 10000
mg/L brackish water are shown in Figure 4.9 and Figure 4.10.
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Figure 4.9: PAM fluorometry spectra for Barley plant irrigated with 10000 mg/L of brackish
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Figure 4.10: PAM fluorometry chart for Barley plant irrigated with 10000 mg/L of brackish
water as shown Annex6
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4-Treated Barley seeds with UW3 irrigated with fresh water:

PAM fluorometry spectra and chart for treated Barley seeds with UW3

irrigated with fresh water are shown in Figure 4.11 and Figure 4.12.
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Figure 4.11: PAM fluorometry spectra for treated Barley seeds with UW3 irrigated with fresh

water.
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Figure 4.12: PAM fluorometry chart for treated Barley seeds with UW3 irrigated with fresh
water as shown in Annex 7.
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5-Treated Barley seeds with UW3 irrigated with 6000 mg/L of brackish

water:

PAM fluorometry spectra and chart for treated Barley seeds with UW3
irrigated with 6000 mg/L of brackish water are shown in Figure 4.13 and
Figure 4.14.
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Figure 4.13: PAM fluorometry spectra for treated Barley seeds with UW3 irrigated with 6000
mg/L of brackish water.
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Figure 4.14: PAM fluorometry chart for treated Barley seeds with UW3 irrigated with 6000
mg/L of brackish water as shown in Annex 8.
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6-Treated Barley seeds with UWS3 irrigated with 10000 mg/L of brackish

water:

PAM fluorometry spectra and chart for treated Barley seeds with UW3
irrigated with 10000 mg/L of brackish water are shown in Figure 4.15 and
Figure 4.16.
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Figure 4.15: PAM fluorometry spectra for treated Barley seeds with UWS3 irrigated with
10000 mg/L of brackish water.
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Figure 4.16: PAM fluorometry chart for treated Barley seeds with UW3 irrigated with 10000
mg/L of brackish water as shown in Annex 9.
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7- Treated Barley seeds with UW4 irrigated with fresh water:

PAM fluorometry spectra and chart for treated Barley seeds with UW4

irrigated with fresh water are shown in Figure 4.17 and Figure 4.18.
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Figure 4.17: PAM fluorometry spectra for treated Barley seeds with UW4 irrigated with fresh
water.
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Figure 4.18: PAM fluorometry chart for treated Barley seeds with UW4 irrigated with fresh
water for data in Annex10.
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8-Treated Barley seeds with UW4 irrigated with 6000 mg/L of brackish

water:

PAM fluorometry spectra and chart for treated Barley seeds with UW4

irrigated with 6000 mg/L of brackish water are shown in Figure 4.19 and

Figure 4.20.
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Figure 4.19: PAM fluorometry spectra for treated Barley seeds with UW4 irrigated with 6000

mg/L of brackish water.
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Figure 4.20: PAM fluorometry chart for treated Barley seeds with UW4 irrigated with 6000
mg/L of brackish water for data in Annex11.
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O-Treated Barley seeds with UW4 irrigated with 10000 mg/L of brackish

water:

PAM fluorometry spectra and chart for treated Barley seeds with UWA4

irrigated with 10000 mg/L of brackish water are shown in Figure 4.21 and
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Figure 4.21: PAM fluorometry spectra for treated Barley seeds with UW4 irrigated with 10000
mg/L of brackish water.
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Figure 4.22: PAM fluorometry spectra for treated Barley seeds with UW4 irrigated with 10000
mg/L of brackish water for data in Annex12.
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10-Treated Barley seeds with UW3+UW4 irrigated with fresh water

PAM fluorometry spectra and chart for treated Barley seeds with
UW3+UWH4 irrigated with fresh water are shown in Figure 4.23 and Figure
4.24.
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Figure 4.23: PAM fluorometry spectra for treated Barley seeds with UW3+UW4 irrigated with
fresh water.
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Figure 4.24: PAM fluorometry chart for treated Barley seeds with UW3+UW4 irrigated with
fresh water for data in Annex13.
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11-Treated Barley seeds with UW3+UW4 irrigated with 6000 mg/L of

brackish water:

PAM fluorometry spectra and chart for treated Barley seeds with
UW3+UW4 irrigated with 6000 mg/L of brackish water are shown in
Figure 4.25and Figure 4.26.
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Figure 4.25: PAM fluorometry spectra for treated Barley seeds with UW3+UWa4 irrigated with
6000 mg/L of brackish water.
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Figure 4.26: PAM fluorometry chart for treated Barley seeds with UW3+UW4 irrigated with
6000 mg/L of brackish water, for data in Annex14.
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12-Treated Barley seeds with UW3+ UW4 irrigated with 10000 mg/L of

brackish water:

PAM fluorometry spectra for treated Barley seeds with UW3+UW4

irrigated with 10000 mg/L of brackish water are shown in Figure 4.27 and
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Figure 4.27: PAM fluorometry spectra for treated Barley seeds with UW3+UW4 irrigated with
10000 mg/L of brackish water.
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Figure 4.28: PAM fluorometry chart for treated Barley seeds with UW3+UW4 irrigated with
10000 mg/L of brackish water, for data in Annex15.
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13-Treated Barley seeds with UW3+H,0, irrigated with fresh water:

PAM fluorometry spectra for treated Barley seeds with UW3+H,0,

irrigated with fresh water are shown in Figure 4.29 and Figure 4.30.
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Figure 4.29: PAM fluorometry spectra for treated Barley seeds with UW3+H,0; irrigated with
fresh water.
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Figure 4.30: PA M fluorometry chart for treated Barley seeds with UW3+H,0, irrigated with
fresh water, for data in Annex16
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14-Treated Barley seeds with UW3+H,0, irrigated with 6000 mg/L of

brackish water:

PAM fluorometry spectra and chart for treated Barley seeds with
UW3+H,0, irrigated with 6000 mg/L of brackish water are shown in
Figure 4.31 and Figure 4.32.
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Figure 4.31: PAM fluorometry spectra for treated Barley seeds with UW3+H,0; irrigated with
6000 mg/L of brackish water.
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Figure 4.32: PAM fluorometry chart for treated Barley seeds with UW3+H,0, irrigated with
6000 mg/L of brackish water, for data in Annex17.
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15- Treated Barley seeds with UW3+H,0, irrigated with 10000 mg/L of

brackish water:

Pulse Amplitude modulated fluorometry spectra and chart for treated
Barley seeds with UW3+H,0, irrigated with 10000 mg/L of brackish water

are shown in Figure 4.33 and Figure 4.34.
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Figure 4.33: PAM fluorometry spectra for treated barley seeds with UW3+H,0, irrigated with
10000 mg/L of brackish water.
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Figure 4.34: PAM fluorometry chart for treated barley seeds with UW3+H,0, irrigated with
10000 mg/L of brackish water, for data in Annex18.
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Measurements include function of PSIlI as flow of electron, rate of
photosynthesis by emitted light from the pulse, and measured light. Heat

dissipation is relatively constant during measurements.

Measurements showed several chlorophyll fluorescence parameters which
are: (Y (II), NPQ). These parameters were measured at minimal
fluorescence in dark adapted plant tissue (Fo) and at maximal fluorescence
(Fm), steady state fluorescence (Fs) which shown in each spectra, where
optimum value ranged between (0.15-0.17) larger than this value mean
plant in under stress, and give indication of effect of salt stress on
photosynthetic electron transport, [Mac neill, 2011]. Control trials irrigated
with brackish water their values were large (0.19-0.23) compared to trials
treated with PGPR and irrigated with brackish water (0.15-0.17),these

results indicate damaged happen inside cell for trials without PGPR.

Trials treated with PGPR, there photosynthesis measurement (Y (I1), NPQ),
as in spectra and chart were similar to measurement of control trials treated
with fresh water for both trials with or without PGPR, moreover
photosynthetic values were shown compared to control values, this mean
that PGPRs increase photosynthetic activity inside plant, besides that, it
was obvious in root there color was dark green color for shoot and taller

leaves [Mac neill, 2011].
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For other trials in Figures (4.4-4.34) and Annex (5-18) stress appeared as
decrease for values of Average Y (Il) and Average NPQ for trials treated

without PGPR compared to trials treated with PGPR.

The reason for decrease in photosynthesis in trials without PGPR can be
related for accumulation of high concentration of salts in tissue that
responsible for photosynthesis process. It could be as a result of swelling
of thylakoids, and distortion of chloroplast membrane; which lead to

disrupt all process in plant [Mac neill, 2011].

Malt Plant leaves was light green color, this indicated that there were no
full photosynthesis processes and didn’t show positive response to PGPR
treatment as expected. Thus, measurement of photosynthesis by PAM

fluorometry instrument include only for Barely plant.

For trials treated with both strains UW3 +UW4 compared to trials treated
with strain separately, the maximum vyields of PSIlI were not significant
higher. This indicates performance of trials with both strains show same
effective to tolerate to salinity and same performance of photosynthetic as

trials treated separately.

Shan (2009) study showed some plant species such as Barley plant with

PGPR showed high performance of photosynthesis activity in saline soil.

Mc neill (2011) study showed photosynthesis activities for different plants

species such as Barley, Oats, and Tall Wheatgrass treated with PGPR and
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grown in saline soil field, high performance of their photosynthesis
activity.

4.5. Green house studies and dry biomass determination:

Green house studies include measurements of mass for two species plants
(Barley, Malt) trials. Measurements include for wet mass in (g) and for dry
mass in (g) with differences between wet and dry Length measurements.

This procedure was done to compare between trials.

Measurements of root and shoot wet mass (g) for Barley plant trials after

30 days are shown in Table 4.7 and Figure 4.35.
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Table 4.7: Measurements of root and shoot wet mass (g) for Barley
plant trials after 30 days.

Num Treatment Root+ Shoot | % of wet | Significant
wet mass (g) mass value
After 30 days
1 Control Barley irrigated with fresh water 85.7 100
2 Control Barley irrigated with 6000 mg/L of 84.3 98.4
brackish water
3 Control Barley irrigated with 10000 mg/L of 89.4 104.3 Sig
brackish water
4 | Treated Barley seeds with UW3 irrigated with 165.3 192.9
fresh water
5 Treated Barley seeds with UW3 irrigated with 193.8 226.2
6000 mg/L of brackish water
6 Treated Barley seeds with UW3 irrigated with 240.8 285.7 Sig
10000 mg/L of brackish water
7 Treated Barley seeds with UW4 irrigated with 176.2 205.6
fresh water
8 Treated Barley seeds with UW4 irrigated with 189.3 220.9
6000 mg/L of brackish water
9 Treated Barley seeds with UW4 irrigated with 215.3 251.2 Sig
10000 mg/L of brackish water
10 | Treated Barley seeds with UW3 + UW4 203.4 237.3
irrigated with fresh water
11 | Treated Barley seeds with UW3+ UW4 206.3 240.7
irrigated with 6000 mg/L of brackish water
12 | Treated Barley seeds with UW3+UW4 irrigated 280.8 148.3
with 10000 mg/L of brackish water
13 | Treated Barley seeds with UW3+H,0, irrigated 95.3 111.2
with fresh water
14 | Treated Barley seeds with UW3+ H,0, 202.3 236.1
irrigated with 6000 mg/L of brackish water
15 | Treated Barley seeds with UW3+ H,0, 207.5 242.1 Sig
irrigated with 10000 mg/L of brackish water
16 | Treated Barley seeds with H,O, irrigated with 178.6 208.4
fresh water
17 | Treated Barley seeds with H,O, irrigated with 189.6 221.2
6000 mg/L of brackish water
18 | Treated Barley seeds with H,O, irrigated with 189.8 2215
10000 mg/L of brackish water
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Figure 4.35: Measurements of root and shoot wet mass (g) for Barley plant trials after 30 days.

Wet mass measurements for root and shoot after 30 days are shown for
trials of Barley seeds treated with UW3, UW4, and (UW3+ UW4)
irrigated with 6000 mg/L of brackish water gave higher weights (224.2%,
220.9%, and237.3%) respectively compared with control Barley (98.4%.)

subjected to the same salt concentration.

Also trials irrigated with 10000 mg/L of brackish water for trials treated
with UW3, UW4, and (UW3+UW4) gave higher values: (285.73%,
251.23% and 148.29%) compared to control trial (104.3%).

These values indicated there is accumulation of salt happen into biomass of
trials treated with PGPR, beside PGPR increased phytoremediation
mechanisms and salt uptake into biomass, and increase stem —succulence

compared to control treatment. Meanwhile control treatment effected by
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salinity from brackish water lead to less accumulation of salt in biomass,

and only tolerance mechanisms of plant play its role. [Mac neill, 2011].

Compared between combinations treated of trials compared to treat of
trials with strains separately, especially trials irrigated with 10000 mg/L the

combination didn’t show significant results.

Trials include Barley seeds treated with UW3+ H,O, and irrigated with
6000 mg/L of brackish water and with 10000 mg/L of brackish water
gives value: (236.1%, 242.1%) compared to control (98.4%, 104.3%) and
compared to trials treated with only UWa3 irrigated with 6000 mg/L and
10000 mg/L of brackish water had values (220.9%, 251.2 %). These result
indicated significant differences and there some contribution of hydrogen
peroxide as antioxidant in participating in cell signaling, several nitrogen —
activated protein kinase (MAPK) [Mac neill, 2011] this can be separated

field study in future.

Trails treated only with H,O, only there were no differences between the
wet mas measurement may be this can be related only antioxidant role and

tolerance mechanism.

Measurements of root and shoot wet mass (g) for Malt plant trials after 30

days are shown in Table 4.8 and Figure 4.36.
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Table 4.8: Measurements of root and shoot wet mass (g) for Malt plant
trials after 30 days.

Num Treatment Root + Shoot | % of wet | Significant
wet mass (g) mass value
After 30 days
1 Control Malt irrigated with fresh water 12.4 100
2 Contrpl Malt irrigated with 6000 mg/L of 10.04 812
brackish water
3 Contrpl Malt irrigated with 10000 mg/L of 79 64.2
brackish water
4 Treated Malt seeds with UW3 irrigated with 29 8 2407
fresh water
5 Treated Malt seeds with UW3 irrigated with
6000 mg/L of brackish water 30.6 247.0
6 Treated Malt seeds with UW3 irrigated with Sig
10000 mg/L of brackish water 31.6 255.8
7 Treated Malt seeds with UW4 irrigated with 302 oy
fresh water
8 Treated Malt seeds with UW4 irrigated with
6000 mg/L of brackish water 26.2 212.1
9 Treated Malt seeds with UW4 irrigated with
10000 mg/L of brackish water 34.5 1141
10 _Trgated |V|E.1|t seeds with UW3 + UW4 99 2 236.4
irrigated with fresh water
11 | Treated Malt seeds with UW3+ UW4 irrigated
with 6000 mg/L of brackish water 32.1 259.4
12 | Treated Malt seeds with UW3+UW4 irrigated Sig
with 10000 mg/L of brackish water 35.6 288.1
13 Tr_eated Malt seeds with UW3+H,0, irrigated 14.4 1025
with fresh water
14 | Treated Malt seeds with UW3+ H,0,
irrigated with 6000 mg/L of brackish water 15.7 1271
15 | Treated Malt seeds with UW3+ H,0,
irrigated with 10000 mg/L of brackish water 14.9 121.1
16 | Treated Malt seeds with H,O, irrigated with 127 103.1
fresh water
17 | Treated Malt seeds with H,O, irrigated with Sig
6000 mg/L of brackish water 14.3 1158
18 | Treated Malt seeds WIth H,0, irrigated with 13.2 107.0 Sig
10000 mg/L of brackish water
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Figure 4.36: Measurements of root and shoot wet mass (g) for Malt Plant trials after 30
days.

Trials of Malt seeds treated with UW3, UW4 and UW3+UW4 irrigated
with 6000 mg/L of brackish water (Table4.9 and Figure4.38) gave total
biomass values as (247.1%, 212.1%, 259.4%) compared to control ones

(81.16%).

Beside for trial of Malt seeds with UW3, UW4 and UW3+UW4 and
irrigated with 10000 mg/L of brackish water were given (255.8%, 114.1%,
288.1%) compared to control Malt irrigated with 10000 mg/L of brackish

water (64.2%).

It is noticed PGPR increased phytoremediation mechanisms, salt uptake

into plant biomass. For those trials treated with PGPR the accumulation of
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salt in biomass increase production of biomass compared to controls which

were affected by salinity [Mac neill, 2011].

Moreover for trials irrigated with 10000 mg/L accumulated more salt inside

biomass which were observed in weights than 6000 mg/L.

Compared between combinations trials and trial treated separately with
strains, especially for one irrigated with 10000 mg/L, combination trials

didn’t show significant results.

Trials include Malt seeds treated with UW3+ H,0, irrigated with 6000
mg/L of brackish water and with 10000 mg/L of brackish water gives
value : (127.1%, 121.1%) compared to control and compared to trials

treated with only UWa3 irrigated with 6000 mg/L and 10000 mg/L.

These result indicated significant differences with some contribution of
H,0, as antioxidant in participating in cell signaling, (MAPK) [Mac neill,

2011] where this can be as a separated field study in future.

Trails treated only with H,O, only there were no differences between the
wet mas measurement may be this can be related only antioxidant role and

tolerance mechanism.
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For dry mass measurements included root and shoot dry mass (g) for
Barley and Malt plant trials after 30 days separately. Differences between
measurements were included in order to calculate how much water

absorbed by tissue.

Measurements of root and shoot dry mass (g) for Barley plant trials after
30 days, and difference between dry and wet mass are shown in Tables

(4.9, 4.10), Figure ( 4.37, 4.38).
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Table 4.9: Measurements of root and shoot dry mass (g) for Barley
plant trials after 30 days.

Num Treatment Root Shoot Total % of | Significan
dry dry dry dry t value
mass mass mass mass
(9) ()
1 Control Barley irrigated with fresh 40.5 35.6 76.1 100
water
2 Control Barley irrigated with 6000 6.1 0.713 6.8 8.98
mg/L of brackish water
3 Control Barley irrigated with 10000 9.3 0.923 10.2 150.08 Sig
mg/L of brackish water
4 Treated Barley seeds with UW3 35.6 83.2 118.8 156.11
irrigated with fresh water
5 Treated Barley seeds with UW3 93.4 87.2 180.6 237.31
irrigated with 6000 mg/L of brackish
water
6 Treated Barley seeds with UW3 120.5 69.3 189.8 249.40 Sig
irrigated with 10000 mg/L of brackish
water
7 Treated Barley seeds with UW4 45.6 73.2 118.8 156.11
irrigated with fresh water
8 Treated Barley seeds with UW4 103.4 77.2 180.6 237.31
irrigated with 6000 mg/L of brackish
water
9 Treated Barley seeds with UW4 140.5 79.3 219.8 288.83 Sig
irrigated with 10000 mg/L of brackish
water
10 Treated Barley seeds with UW3 + UW4 34.3 63.2 97.5 128.12
irrigated with fresh water
11 Treated Barley seeds with UW3+ UW4 115.4 88.3 203.7 267.67
irrigated with 6000 mg/L of brackish
water
12 Treated Barley seeds with UW3+UW4 142.3 77.3 219.6 288.56 Sig
irrigated with 10000 mg/L of brackish
water
13 Treated Barley seeds with UW3+H,0, 45.6 43.2 88.8 116.68
irrigated with fresh water
14 Treated Barley seeds with UW3+ H,0, 93.4 87.2 180.6 237.31
irrigated with 6000 mg/L of brackish
water
15 Treated Barley seeds with UW3+ H,0, 120.5 69.3 189.8 249.40 Sig
irrigated with 10000 mg/L of brackish
water
16 Treated Barley seeds with H,0, 43.5 25.6 69.1 90.80 Sig
irrigated with fresh water
17 Treated Barley seeds with H,0, 7.1 0.613 7.735 10.16
irrigated with 6000 mg/L of brackish
water
18 Treated Barley seeds with H,0, 62.3 0.892 63.192 83.03 Sig

irrigated with 10000 mg/L of brackish
water
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Figure 4.37: Measurement of root and shoot dry mass (g) for Barley plant trials after 30 days.
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Table 4.10: Differences between wet biomass and dry biomass for
Barley plant trials.

Num Treatment Total Total Difference | Significant
Dry wet (wet-dry)
mass \mass
1 Control Barley irrigated with fresh 76.1 85.7 9.6
water
2 Control Barley irrigated with 6000 6.8 84.3 77.4
mg/L of brackish water
3 Control Barley irrigated with 10.3 89.4 79.1 Sig
10000 mg/L of brackish water
4 Treated Barley seeds with UW3 118.8 165.3 46.5
irrigated with fresh water
5 Treated Barley seeds with UW3 180.6 193.8 13.2

irrigated with 6000 mg/L of
brackish water
6 Treated Barley seeds with UW3 189.8 240.8 51.07 Sig
irrigated with 10000 mg/L of
brackish water

7 Treated Barley seeds with UW4 118.8 176.2 57.4 Sig
irrigated with fresh water
8 Treated Barley seeds with UW4 180.6 189.3 8.7

irrigated with 6000 mg/L of
brackish water

9 Treated Barley seeds with UW4 219.8 215.3 4.5
irrigated with 10000 mg/L of
brackish water

10 Treated Barley seeds with UW3 + 97.5 203.4 105.9 Sig
UW4 irrigated with fresh water
11 Treated Barley seeds with UW3+ 203.7 206.3 2.6

UW4 irrigated with 6000 mg/L of
brackish water

12 | Treated Barley seeds with 219.6 280.8 61.2
UW3+UW4 irrigated with 10000
mg/L of brackish water

13 | Treated Barley seeds with 88.8 95.3 6.5
UW3+H,0; irrigated with fresh
water
14 | Treated Barley seeds with UW3+ 180.6 202.3 21.7 Sig

H,0, irrigated with 6000 mg/L of
brackish water

15 Treated Barley seeds with UW3+ 189.8 207.5 17.7
H,0, irrigated with 10000 mg/L of
brackish water

16 Treated Barley seeds with H,0, 69.1 178.6 109.5
irrigated with fresh water

17 Treated Barley seeds with H,0, 7.7 189.6 181.8 Sig
irrigated with 6000 mg/L of
brackish water

18 Treated Barley seeds with H,0, 63.1 189.8 126.6

irrigated with 10000 mg/L of
brackish water
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Figure 4.38: Differences between wet biomass and dry biomass for Barley plant trials.

Dry biomass measurement shown (Table 4.10, Figure 4.38 and Figure
4.39) for Barley seeds treated with UW3, UW4 and UW3+ UW4 irrigated
with 6000 mg/L of brackish water were: (237.3 %, 237.3%, and 267.7%)

compared to control (9.0%).

There were large differences between measurements for those trials with
PGPR related to trials without PGPR, furthermore there were increase in

root and shoot dry biomass.

Measurement of trials of Barley seeds with UW3, UW4 and UW3+UW4
irrigated with 10000 mg/L of brackish water were: (249.4 %, 288.8%, and
288.6%), compared to control Barley irrigated with 10000 mg/L of

brackish water (150.1 %).
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Trial with PGPR promote plant more control mechanisms over others trials

without PGPR in compartmentalization of salt into vacuoles, synthesis of
osomLytes and exclusion of salts ions by roots, promote plant growth to

complete their life cycle under stressed condition [Mac neill, 2011].

Trial of Barley seeds with UW3+ H,0, irrigated with 6000 mg/L of
brackish water its equal (237.3 %), compared to control trial. trials treated
Barley seeds with H,0O, irrigated with 6000 mg/L of brackish water

(10.2%), this mean there was accumulation of salts inside biomass and
some contribution of hydrogen peroxide as antioxidant in participating in

cell signaling, (MAPK) [Mac neill, 2011] and this can be separated field

study in future.

Same for measurement of trials of Barley seeds with UW3+ H,0, irrigated
with 10000 mg/L of brackish water was equal to (249.4%) compared to
control, meanwhile for trial with only H,0, its value was (83.0%) which

was closed to control one.

These measurements showed that salinity inhibit plant growth for control
trials. There was decrease in shoot thickness which attributed to reduced
plant cell intercellular space. Less chlorophyll content relative to one

treated with PGPR ad one irrigated with fresh water.
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Measurements of trials treated with PGPR indicate that ACC deaminase

producing by PGPR oxidize ACC to ammonia and a-ketobutyrate. Hence
these compounds promote plant growth and lower concentration of
ethylene hormone increase plant growth. Furthermore PGPR synthesized
IAA compound which stimulate plant growth promotion, which was
obvious for trials this study for irrigated with 6000 mg/L and 10000 mg/L

[Shan, 2009].

Measurements of root and shoot dry mass (g) for Malt plant trials after 30
days and difference between dry mass and wet mass are shown in Tables

(4.11, 4.12) and Figure ( 4.39, 4.40).
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Table 4.11: Measurements of root and shoot dry mass (g) for Malt
plant trials after 30 days.

Num Treatment Root dry | Shoot Total % of Significant
mass (g) | dry mass | Dry mass dry
(9) mass
1 Control Malt irrigated 1.234 0.453 1.687 100
with fresh water
2 Control Malt irrigated 0.564 0.311 0.875 51.86

with 6000 mg/L of
brackish water

3 Control Malt irrigated 0.234 0.136 0.37 42.28
with 10000 mg/L of
brackish water

4 Treated Malt seeds with 1.354 0.722 2.076 561.08 Sig
UWa3 irrigated with
fresh water

5 Treated Malt seeds with 2.541 0.731 3.272 157.61 Sig
UWa3 irrigated with
6000 mg/L of brackish
water

6 Treated Malt seeds with 2.785 0.624 3.409 104.18
UW3 irrigated with
10000 mg/L of
brackish water

7 Treated Malt seeds with 1.674 0.534 2.208 64.76
UW4 irrigated with
fresh water

8 Treated Malt seeds with 1.985 0.604 2.589 117.26 Sig
UW4 irrigated with
6000 mg/L of brackish
water

9 Treated Malt seeds with 1.967 0.957 2.924 112.94
UW4 irrigated with
10000 mg/L of brackish
water

10 | Treated Malt seeds with 2.497 0.935 3.432 117.37 Sig
UW3 + UW4 irrigated
with fresh water

11 | Treated Malt seeds 2.567 0.856 3.423 99.74
with UW3+ UW4
irrigated with 6000
mg/L of brackish water
12 Treated Malt seeds with 1.785 0.277 2.062 60.24
UW3+UW4 irrigated
with 10000 mg/L of
brackish water

13 Treated Malt seeds with 0.567 0.144 0.711 34.48
UW3+H,0; irrigated
with fresh water

14 | Treated Malt seeds with 0.854 0.670 1.524 214.34 Sig
UW3+ H,0; irrigated
with 6000 mg/L of
brackish water
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UW3+ H,0; irrigated
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0.875
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0.452

0.164
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17

Treated Malt seeds with
H,0, irrigated with
6000 mg/L of brackish
water

0.324

0.054

0.378

61.36

18

Treated Malt seeds
with H,0, irrigated
with 10000 mg/L of
brackish water

0.275

0.264

0.539

142.59
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Figure 4.39: Measurements of root and shoot dry mass (g) for Malt plant trials after 30 days.
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Table 4.12: Differences between wet biomass and dry biomass for Malt
plant trials

Treatment Total Total Difference | Significant
Dry wet (wet-dry) value
mass(g) | mass(g)
Control Malt irrigated with fresh water 1.68 12.37 10.68 Sig
Control Malt irrigated with 6000 mg/L of 0.87 10.04 9.165
brackish water
Control Malt irrigated with 10000 mg/L of 0.37 7.94 7.57
brackish water
Treated Malt seeds with UW3 irrigated with 2.07 29.78 27.70
fresh water
Treated Malt seeds with UW3 irrigated with 3.27 30.56 27.28
6000 mg/L of brackish water
Treated Malt seeds with UW3 irrigated with 341 31.64 28.23 Sig
10000 mg/L of brackish water
Treated Malt seeds with UW4 irrigated with 221 30.23 28.02 Sig
fresh water
Treated Malt seeds with UW4 irrigated with 2.58 26.24 23.65
6000 mg/L of brackish water
Treated Malt seeds with UW4 irrigated with 2.92 34.50 31.57 Sig
10000 mg/L of brackish water
Treated Malt seeds with UW3 + UWA4 3.43 29.24 25.81
irrigated with fresh water
Treated Malt  seeds with UW3+ UWA4 3.42 32.09 28.66
irrigated with 6000 mg/L of brackish water
Treated Malt seeds with UW3+UW4 irrigated 2.06 35.64 33.57 Sig
with 10000 mg/L of brackish water
Treated Malt seeds with UW3+H,0, irrigated 0.71 14.35 13.63
with fresh water
Treated Malt seeds with UW3+ H,0, irrigated 1.52 15.72 14.19 Sig
with 6000 mg/L of brackish water
Treated Malt seeds with UW3+ H,0, irrigated 1.42 14.98 13.55
with 10000 mg/L of brackish water
Treated Malt seeds with H,O, irrigated with 0.62 12.75 12.13
fresh water
Treated Malt seeds with H,O, irrigated with 0.38 14.32 13.94 Sig
6000 mg/L of brackish water
Treated Malt seeds with H,0, irrigated with 0.54 13.24 12.70
10000 mg/L of brackish water
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Figure 4.40: Differences between wet biomass and dry biomass for Malt plant trials.

Malt plant seeds as in (Table 4.12, Figure 4.39 and Figure 4.40) treated
with UW3, UW4 and UW3+ UW4 irrigated with 6000 mg/L of brackish

water were: (157.6 %, 117.3 %, and 99.7%) compared to control (51.9%).

Measurements of Malt plant trial treated with UW3, UW4 and UW3+UW4
irrigated with 10000 mg/L of brackish water were: (104.2%; 112.9%;

60.2%) compared (42.3%).

Measurements for trials treated Malt seeds with UW3+ H,0, irrigated with
6000 mg/L of brackish water and 10000 mg/L of brackish water were:

(14.2 %, 13.6 %) compared to control the values were closed to it.

Trials of Malt seeds with H,O, irrigated with 6000 mg/L of brackish water,

and 10000 mg/L of brackish water were: (13.9 %, 12.7%).
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Final Measurements include measurement lengths for shoot (cm) after 14
days, 30 days and for root lengths (cm) for Barley plant after 30 days as
shown in Tables 4.13 and Figure 4.41.
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Table 4.13: Measurements of Barley plant lengths for shoot (cm) after
14 days and 30 days and root lengths (cm) after 30 days.

Barley Treatment Length of Length of Length of root | Signific
Plant Shoot after | Shoot after after 30 days ant
num 14 days 30 days value

1 Control Barley irrigated with 2-3cm 6-9cm 13-15cm Sig
fresh water
2 Control Barley irrigated with 3-4 cm 5-7 cm 10-13 cm
6000 mg/L of brackish water
3 Control Barley irrigated with 4-5cm 5-8 cm 11-13cm
10000 mg/L of brackish water
4 Treated Barley seeds with 3-4 cm 7-9 cm 20-23 cm
UW3 irrigated with fresh water
5 Treated Barley seeds with 6-9 cm 10-13cm 27-29 cm Sig

UWa3 irrigated with 6000 mg/L
of brackish water

6 Treated Barley seeds with 7-11cm 11-13cm 29-32cm Sig
UWa3 irrigated with 10000
mg/L of brackish water

7 Treated Barley seeds with 2-4cm 7-9 cm 21-25cm
UW4 irrigated with fresh water
8 Treated Barley seeds with 7-12 cm 11-14cm 26-30 cm Sig

UW4 irrigated with 6000 mg/L
of brackish water

9 Treated Barley seeds with 9-13cm 12-14 cm 27-32 cm Sig
UW4 irrigated with 10000
mg/L of brackish water

10 Treated Barley seeds with 6-11 cm 9-10 cm 23-26 cm
UW3 + UW4 irrigated with
fresh water

11 Treated Barley seeds with 11-15cm 11-15cm 29-32 cm Sig
UW3+ UW4 irrigated with
6000 mg/L of brackish water

12 Treated Barley seeds with 11-16 cm 12-15¢cm 30-36 cm Sig
UW3+UW4 irrigated with
10000 mg/L of brackish water

13 Treated Barley seeds with 6-9 cm 8-10 cm 19-24 cm
UW3+H,0, irrigated with
fresh water

14 Treated Barley seeds with 7-9cm 12-13 cm 25-28 cm Sig
UW3+ H,0; irrigated with
6000 mg/L of brackish water

15 Treated Barley seeds with 8-12 cm 11-14 cm 27-29 cm Sig
UW3+ H,0; irrigated with
10000 mg/L of brackish water

16 Treated Barley seeds with 4-5cm 6-8 cm 9-13 cm
H,0, irrigated with fresh water
17 Treated Barley seeds with 5-8 cm 9-11cm 15-17 cm Sig

H,0; irrigated with 6000 mg/L
of brackish water

18 Treated Barley seeds with 4-7 cm 10-12 cm 14-16 cm
H,0, irrigated with 10000
mg/L of brackish water
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Figure 4.41: Measurements of Barley plant. Lengths for shoot (cm) after 14 days and 30 days
and root lengths (cm) after 30 days.

Lengths of root and shoots had been shown in Table 4.13 and Figure 4.41;
PGPR contributed to increase lengths for Barley and Malt plants shoots and
roots more than controls. The measurement of lengths were more for trials
treated with PGPR and irrigated with brackish water compared to trials
irrigated with fresh water this lead to PGPR promote vigorous growth for

both plants under salt stress.

Beside it was noticed PGPR under high concentration of salt, it enhanced
plant growth promotion for roots and shoots to overcome stress, even
between individual trials treated with different concentration of water
concentration it was noticed that lengths for root and shoot were significant

in measurement more than other [Shan, 2009].

For trials treated with UW3 +UW4 compared to trials treated separately
with strains, differences in lengths were significant. This indicates

performance of trials with both strains show high effective to tolerate to
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salinity and same performance of photosynthetic, as trials treated

separately.

Table 4.14 and Figure 4.42 include measurements for Malt plant lengths for

shoot (cm) and root (cm) after 14 days and after 30 days.



102
Table 4.14: Measurements of Malt plant lengths for shoot (cm) after 14
days and 30 days and root lengths (cm) after 30 days.

Malt Treatment Length | Lengthof | Length | Significant
plant of Shoot Shoot of root Value
Num after 14 after after 30
days 30 days days
1 Control Malt irrigated with fresh 1-3cm 1-2cm 1-3cm
water
2 Control Malt irrigated with 6000 1-2cm 2-4cm 1-2cm
mg/L of brackish water
3 Control Malt irrigated with 10000 2-3cm 2-4 cm 4-5cm
mg/L of brackish water
4 Treated Malt seeds with UW3 2-3cm 3-5cm 4-5cm
irrigated with fresh water
5 Treated Malt seeds with UW3 2-4cm 2-4cm 5-6¢cm Sig
irrigated with 6000 mg/L of
brackish water
6 Treated Malt seeds with UW3 3-4cm 2-3cm 5-7cm Sig
irrigated with 10000 mg/L of
brackish water
7 Treated Malt seeds with UW4 1-2cm 1-3cm 3-4cm
irrigated with fresh water
8 Treated Malt seeds with UW4 2-4cm 2-4.cm 4-6cm Sig
irrigated with 6000 mg/L of
brackish water
9 Treated Malt seeds with UW4 3-4cm 3-5cm 2-3cm
irrigated with 10000 mg/L of
brackish water
10 Treated Malt seeds with UW3 + 1- 3cm 2-3cm 1-3cm
UW4 irrigated with fresh water
12 Treated Malt seeds with UW3+ 2-3cm 1-2cm 1-2cm
UW4 irrigated with 6000 mg/L of
brackish water
13 Treated Malt seeds with 2-4cm 2-3cm 2-3cm Sig
UW3+UW4 irrigated with 10000
mg/L of brackish water
14 Treated Malt seeds 1-2cm 1-3cm 1-3cm
withUW3+H,0, irrigated with
fresh water
15 Treated Malt seeds with UW3+ 2-3cm 1-2cm 3-5cm
H,0, irrigated with 6000 mg/L of
brackish water
16 Treated Malt seeds with UW3+ 2-4 cm 2-3cm 3-4 cm
H,0, irrigated with 10000 mg/L
of brackish water
17 Treated Malt seeds with H,0, 1-2cm 1-3cm 2-6cm
irrigated with fresh water
18 Treated Malt seeds with UW3+ 1-3cm 2-4cm 3-5cm
H,0, irrigated with 6000 mg/L of
brackish water
19 Treated Malt seeds with UW3+ 2-3cm 1-4 cm 2-3cm
H,0; irrigated with 10000 mg/L
of brackish water
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Figure 4.42: Measurements of Malt plant lengths of shoot (cm) after 14 days and 30 days and
root lengths (cm) after 30 days.

Lengths of root and shoots had been shown in Table 4.14 and Figure 4.41
and Figure 4.42; where PGPR contributed to increase lengths for Barley
and Malt plants shoots and roots more than controls. The measurement of
lengths were more for trials treated with PGPR irrigated with brackish
water compared to trials irrigated with fresh water this mean PGPR

promote vigorous growth for both plants under salt stress .

For trials treated with UW3 +UW4 compared to trials treated with strain
separately, difference was not significant higher especially for 10000 mg/L.
This indicates performance of trials with both strains show same effective

to tolerate to salinity as trials treated separately.

Followed pictures represent photos for some trials for comparing between

them in visual differences:



Figure 4.43: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UW3+UW4 irrigated with 6000 mg/L.

Figure 4.44: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UW3 irrigated with 6000 mg/L.

Figure 4.45: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UW4 irrigated with 6000 mg/L.



Figure 4.46: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UW3+UW4 irrigated with 10000 mg/L.

Figure 4.47: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UWa3 irrigated with 10000 mg/L.

Figure 4.48: (A) represents trial of control Barley plant irrigated with fresh water, (B)
represents trials of treatment of Barley plant with UW4 irrigated with 10000 mg/L.
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Figures 4.43-4.48 showed leaves of Barley plants treated with PGPR as
taller thicker and green darker color compared to untreated ones, besides
their roots were longer compared to untreated plants. Thus, PGPR affected

photosynthetic activity even under irrigation with salt solution.

For control trials without PGPR irrigated with two different concentration
of brackish water; the colors of their leaves were visibly pale green. Some
leaves turned to yellow and shorter -smaller. Some followed by premature

necrosis, even they reached their growth cycle end before crop coefficient.

To distinguish between plants species which one responded more to
bacteria strain .T-test applied to it, where Barley and Malt plant consider
tolerant species to salty conditions, but response of Barley plant to these
microbes were more than Malt according to T-test in Table 4.15. This
attributed could be due to large surface area for Barley seeds that has
compared to Malt seeds, more bacteria strains have been adhesion to
surface of Barley seeds. Another reason may be related to some specie —
specific differences in physiology and anatomy as well as specific
differences in conditions required for optimal growth for Malt plant differ
from Barley plant. These indicate Malt plant may need different PGPR

strains other than those UW3, UW4 for their optimal growth condition.
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Table 4.15: T-test to distinguish between Barley plant and Malt plant
responses to bacteria.

Group Statistics

Std. Std. Error
Plant N Mean Deviation Mean
Mass Barely 12 126.3 84.00 24.24
Malt 12 1.6 .800 .23

4.6. Salt accumulation in plant:

Salt accumulation test was used in this study to determine effectiveness of
phytoextraction mechanism of tested plants, it was used to determine the
amount of salt ions have been eliminated from brackish water. This method
was carried out trials by taking roots and shoots of plants for all trials are

shown in Table 4.16.
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Table4.16: Salt accumulation measurement of Na and Cl ions in (mg/g of dry weight) for Barley plant shoots tissue.

Treatment Na Cl NaCl Total weight total ionin | Concentration of | Ratio of | Significant
total dry mass mmol / 0.114m?

(mg/g dry (mg/g dry (mg/g dry Dry mass(g) | (mg)/0.114m? of pot of pot Cl/Na Value
weight) weight) weight)

Control Barley plant irrigated with fresh 0.659 0.457 1.116 76.1 84.926 1.826 0.693

water

Control Barley plant irrigated with 6000 0.956 0.975 1.931 6.835 13.198 0.283 1.019 Sig

mg/L of brackish water

Control Barley plant irrigated with 10000 1.974 1.564 3.538 10.258 36.292 0.780 0.792

mg/L of brackish water

Treated Barley plant with UW3 irrigated 2.378 1.326 3.704 118.8 440.035 9.4631 0.557

with fresh water

Treated Barley plant with UW3 irrigated 7.666 5.524 13.19 180.6 2382.114 51.228 0.720

with 6000 mg/L of brackish water

Treated Barley plant with UW3 irrigated 23.65 15.324 38.978 189.8 7398.024 159.097 0.647 Sig

with 10000 mg/L of brackish water

Treated Barley plant with UW4 irrigated 3.475 2.436 5.911 118.8 702.226 15.101 0.601

with fresh water

Treated Barley plant with UW4 irrigated 6.146 4.223 10.369 180.6 1872.641 40.271 0.787 Sig

with 6000 mg/L of brackish water
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Treated Barley plant with UW4 irrigated
with 10000 mg/L of brackish water

26.81

11.014

37.828

219.8

8314.594

178.808

0.910

Sig

10

Treated Barley plant with UW3 + UW4
irrigated with fresh water

3.008

0.786

3.794

97.5

369.915

7.9551

0.261

11

Treated Barley plant with UW3+ UW4
irrigated with 6000 mg/L of brackish
water

9.147

3.020

12.167

203.7

2478.417

53.299

0.330

Sig

12

Treated Barley plant with UW3+UW4
irrigated with 10000 mg/L of brackish
water

28.05

10.004

38.058

219.6

8357.536

179.731

0.356

Sig

13

Treated Barley plant with UW3+H,0,
irrigated with fresh water

2.078

1.341

3.419

88.8

303.607

6.529

0.645

14

Treated Barley plant with UW3+ H,0,
irrigated with 6000 mg/L of brackish
water

5.457

3.224

8.681

180.6

1567.788

33.715

0.690

Sig

15

Treated Barley plant with UW3+ H,0,
irrigated with 10000 mg/L of brackish
water

18.35

7.972

26.327

189.80

4996.864

107.459

0.434

Sig

16

Treated Barley plant with H,0, irrigated
with fresh water

2.378

1.326

3.704

69.100

255.946

5.504

0.557

Sig

17

Treated Barley plant with H,O, irrigated
with 6000 mg/L of brackish water

2.765

1.524

4.289

7.735

33.175

0.713

0.551

18

Treated Barley plant with H,O, irrigated
with 10000 mg/L of brackish water

4.954

2.324

7.278

63.192

459.911

9.890

0.469
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For weights of salt accumulation of Na/ ICl ions (mg/g dry weight)

compared to theoretical weight are shown in Figure 4.49.

weight of NaCl (mg/g dry weight)

50
40
30

Drym of NaCl
ymg/g 20

10 - mNaCl (mg/g dry weight )
0 -

12345678 9101112131415161718

Trial treatment

Figure 4.49: Measurements of salt accumulation of Na Cl ions (mg/g dry weight) in Barley
plant shoot tissue.

Plant shoot tissue that analyzed for ion accumulation (Table4.16 and
Figure4.49) showed total ion weight in total dry mass (g) for Barley seeds
treated with UWS3, trial of Barley seeds treated with UW4 and UW3 +
UW4 and irrigated with 6000 mg/L of brackish water were (2382.1 mg,
1872.6 mg and 2478.4 mg ) compared to control (13.2 mg).

Measurements for trial of Barley seeds treated with UWS3, trial of Barley
seeds with UW4 and UW3+ UW4 irrigated with 10000 mg/L of brackish
water (7398.0 mg, 8314.6 mg, and 8357.5 mg) compared to control Barley
irrigated with 120000 mg/L of brackish water (36.3 mg).

Measurements for trials of Barley seeds with UW3+ H,0, irrigated with
6000 mg/L of brackish water and irrigated with 10000 mg/L of brackish

water (1567.8 mg, 4996.9 mg) compared to control Barley irrigated with
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6000 mg/L of brackish water (13.2 mg) and control Barley irrigated with
10000 mg/L of brackish water (36.3 mg)

These measurements indicate PGPR enhance for more salt accumulation
inside plant where salt didn’t stay in soil to cause any salinity for it and
result of salt accumulation were more for trail treated with PGPR over

untreated trials [mac neill, 2011].

NaCl accumulation in plant tissue for total dry mass ranged from 36.3-
8357.5 mg and for ratio of CI/Na 0.6-1.01 for experimental results
compared to theoretical atomic weight equal 1.5. These results indicate that
accumulations of CI” ions in plant tissue were uneven where Na’
accumulations were greater than Cl; suggesting that plant utilizes more CI’

for their biosynthesis [Shan, 2009].

Moreover, these concentrations of salt don’t effect to use these plants as

forage food for animals, when compared with theoretical ratio.

4.7 Assessment of plant cell membrane stability using the

electrolyte leakage methods.

This method describes assessing membrane permeability in relation to salt
stress. In this study increase in salt affect plant membrane permeability
where measurement of electrolyte leakage methods as TDS in mg/L in

Barley plant root tissue trials is shown in Table 4.17 and Figure 4.50.
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Table4.17: Measurements of electrolyte leakage methods as TDS mg/L
in Barley plant root tissue trials.

Num Treatment TDS | Signific
mg/L ant
result

1 Control Barley irrigated with fresh water 304 Sig

2 Control Barley irrigated with 6000 mg/L of brackish water 503 --

3 Control Barley irrigated with 10000 mg/L of brackish water | 754 --

4 Treated Barley seeds with UW3 irrigated with fresh water 302 Sig

5 Treated Barley seeds with UW3 irrigated with 6000 mg/L of | 302 Sig
brackish water

6 Treated Barley seeds with UW3 irrigated with 10000 mg/L 513 Sig
of brackish water

7 Treated Barley seeds with UW4 irrigated with fresh water 104 Sig

8 Treated Barley seeds with UW4 irrigated with 6000 mg/L of | 303 Sig
brackish water

9 Treated Barley seeds with UW4 irrigated with 20000 mg/L 554 Sig
of brackish water

10 Treated Barley seeds with UW3 + UW4 irrigated with fresh 202 Sig
water

11 Treated Barley seeds with UW3+ UWA4 irrigated with 6000 302 Sig
mg/L of brackish water

12 Treated Barley seeds with UW3+UW4 irrigated with 10000 513 Sig
mg/L of brackish water

13 Treated Barley seeds with UW3+H,0; irrigated with fresh 204 Sig
water

14 Treated Barley seeds with UW3+ H,0, irrigated with 6000 323 Sig
mg/L of brackish water

15 Treated Barley seeds with UW3+ H,0, irrigated with 10000 524 Sig
mg/L of brackish water

16 Treated Barley seeds with H,O, irrigated with fresh water 202 Sig

17 Treated Barley seeds with H,O, irrigated with 6000 mg/L of | 502 --
brackish water

18 Treated Barley seeds with H,O; irrigated with 10000 mg/L 813 --

of brackish water
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Electrolyte leakage as TDS in Barley root tissue
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Figure4.50: Measurements of electrolyte leakage methods as TDS in mg/L in Barley plant
root tissue trials.

This experiment was performed using Barley plants for all trials and TDS
measured as shown in Table4.17 and Figure4.50. The measurements of ion
leakage plant tissue are a method for assessing membrane permeability in
relation to salt stress. In this study increase in salts affect plant membrane

permeability as indicated by higher ion leakage.

Results revealed that salinity had increased the amount of electrolyte
leakage from plant cell membrane in general for control trials and one
treated only with H,O, and salinity made cell membrane more permeable
which observed in results compared to control fresh water, even though
plant cell membranes in trials treated with PGPRs, were found having less
electron leakage, compared to control one treated irrigated with brackish
water. In this tale, implicate PGPR in protection of plant cell membranes
were possible by promoting synthesis of lipids that considered as structural

constituents of most of cellular membrane [Shan, 2009].
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Conclusion:

1-

Biomass measurements showed a significant mass increase for those
plants treated with PGPRs compared with those control (untreated);
which biomass production could enhance phytoremediation

efficiency, as well as be used as forage food for animals.

Specifically, trials treated with PGPRs had showed significant
improvements in salt accumulation for the plants (Barley and Malt)
that used in these experiments, indicated that these two plants
successfully can be used in phytoremediation process in combination
of the PGPRs UW3 and/or UW4,with an advantage of Barley over
Malt plant.

Results had showed that these PGPRs increase the cell membrane
stability as demonstrated by less electrolyte leakage from plant cells

relative to plants that were not treated with PGPR.

Results from PAM studies indicated plants treated with PGPR had
increased photosynthesis rate thus prevented salinity damage to

photosystems compared to those untreated ones.
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Recommended future work:

The results of this research study are highly recommended to be
implemented in area space field. In addition to that we highly recommend
using other plant species with different strains of PGPRs and compare
their responses to brackish water conditions, besides testing other strains
combined with other plant species irrigated with different concentration of

salts, beside investigating ability for human consumption such these crops .

Beside performance of PGPR can be studied for their high ability of

producing more biomass within time.
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Annexes

Annex.1 Measurements of soil salinity as TDS after 30 days of

cultivation period.

Name of parameter Trial Trial Trial Average | Standard
num num 1 num 2 num 3 deviation
TDS TDS TDS
(mg/h) | (mg/l) (mg/l)

1 ECe control soil irrigated with fresh water 63.0 63,6 64,2 64.7 0.2

2 EC 1:2 control soil irrigated with fresh water 45.8 49.0 45.3 46.7 2.007

3 ECe control soil irrigated with 6000 mg/L 90.5 89.6 90.4 90.1 0.4
brackish water

4 EC 1:2 control soil irrigated with 6000 mg/L 50.6 50.7 50.9 50.7 0.1
brackish water

5 ECe control soil irrigated with 10000 mg/L 95.8 95.7 94.6 95.3 0.6
brackish water

6 EC 1:2 control soil irrigated with 10000 mg/L 60.4 61.2 59.8 60.4 0.7
brackish water

7 ECe soil contain Barley seeds with UW3 irrigated 65.4 65.7 64.5 65.2 0.6
with fresh water

8 EC 1:2 soil contain Barley seeds with UW3 44.8 44.5 44.6 44.6 0.1
irrigated with fresh water

9 ECe soil contain Barley seeds with UW3irrigated 69.0 69.2 69.4 69.2 0.2
with 6000 mg/L brackish water

10 EC 1.2 soil contain Barley  seeds with 50.7 52.7 51.3 51.5 1.0
UWairrigated with 6000 mg/L brackish water

11 | ECe soil contain Barley seeds with UW3with 70.6 72,5 69.5 70.8 15
10000 mg/L brackish water

12 EC 1.2 soil contain Barley  seeds with 50.3 52.5 48.7 50.5 19
UWairrigated with 10000 mg/L brackish water

14 | ECe soil contain Malt seeds with UW3 irrigated 66.4 65.9 66.5 66.2 0.3
with fresh water

15 EC 1:2 soil contain Malt seeds with UW3 irrigated 43.8 43.5 43.6 44.6 0.1
with fresh water

16 | ECe soil contain Malt seeds with UWa3irrigated 89.0 89.2 89.4 89.2 0.2
with 6000 mg/L brackish water

17 EC 1:2 soil contain Malt seeds with UW3irrigated 60.7 60.7 60.3 60.5 0.2
with 6000 mg/L brackish water

18 ECe soil contain Malt seeds with UW3with 10000 96.6 95.8 96.5 96.3 0.4
mg/L Brackish water

19 EC 1:2 soil contain Malt seeds with UW3irrigated 60.3 60.5 60.7 60.5 0.2
with 10000 mg/L brackish water

20 | ECe soil contain Barley seeds with UW4 irrigated 65.3 65.4 65.0 60.5 0.2
with fresh water

21 EC 1:2 soil contain Barley seeds with UwW4 46.3 46.5 46.4 46.4 0.1
irrigated with fresh water

22 | ECe soil contain Barley seeds with UW4irrigated 69.0 69.2 69.4 69.2 0.2
with 6000 mg/L brackish water

23 EC 1.2 soil contain Barley  seeds with 50.7 52.7 51.3 51.5 1.0
UW(dirrigated with 6000 mg/L brackish water

24 | ECe soil contain Barley seeds with UW4with 73.5 72.9 73.4 73.2 0.3
10000 mg/L brackish water

25 EC 1:2 soil contain Barley  seeds with 51.2 51.7 51.4 51.4 0.2

UW(dirrigated with 10000 mg/L brackish water
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26 | ECe soil contain Malt seeds with UW4 irrigated 59.6 59.7 59.5 59.6 0.1
with fresh water

27 | EC 1:2 soil contain Malt seeds with UW4 irrigated 45.8 46.7 45.8 46.1 0.5
with fresh water

28 | ECe soil contain Malt seeds with UW4irrigated 89.0 89.2 89.4 89.2 0.2
with 6000 mg/L brackish water

29 | EC 1:2 soil contain Malt seeds with UW4irrigated 61.5 61.5 61.3 61.4 0.1
with 6000 mg/L brackish water

30 | ECe soil contain Malt seeds with UW4with 10000 87.1 88.2 87.4 87.5 0.5
mg/L Brackish water

31 EC 1:2 soil contain Malt seeds with UW4irrigated 59.9 60.0 60.1 60 0.1
with 10000 mg/L brackish water

32 | ECe soil contain Barley seeds with UW3+UW4 63.0 63.5 63.8 63.4 0.4
irrigated with fresh water

33 EC 1:2 soil contain Barley seeds with UW3+UW4 42.1 43.0 42.6 42.5 0.4
irrigated with fresh water

34 | ECe soil contain Barley seeds with UW3+UW4 64.0 64.2 64.3 64.1 0.1
irrigated with 6000 mg/L brackish water

35 | EC 1:2 soil contain Barley seeds with UW3 453 45.7 50.3 47.1 2.7
+UW4 irrigated with 6000 mg/L brackish water

36 | ECe soil contain Barley seeds  with 68.4 68.2 68.1 68.2 0.1
UW3+UW4with 10000 mg/L brackish water

37 | EC 1:2  soil contain Barley  seeds with 433 435 44.7 43.8 0.7
UW3+UWdirrigated with 10000 mg/L Brackish
water

38 | ECe soil contain Malt seeds with UW3+UW4 57.4 57.4 57.5 57.4 0.1
irrigated with fresh water

39 ECe soil contain Malt seeds with UW3+UW4 46.8 46.7 46.8 46.7 0.1
irrigated with fresh water

40 ECe soil contain Malt seeds with UW3+UW4 84.0 84.2 84.7 84.3 0.3
irrigated with 6000 mg/L brackish water

41 EC 1:2 soil contain Malt seeds with 62.5 62.4 63. 62.6 0.3
UW3+UWdirrigated with 6000 mg/L brackish
water

42 ECe soil contain Malt seeds with UW3+UW4with 87.1 88.2 87.4 87.5 0.5
10000 mg/L brackish water

43 EC 1:2 soil contain Malt seeds with UW3+UW4 56.9 56.0 56.5 56.4 0.4
irrigated with 10000 mg/L brackish water

44 | ECe soil contain Barley seeds with UW3+ 64.0 64.3 64.2 64.1 0.1
H ,0sirrigated with fresh water

45 EC 1:2 soil contain Barley seeds with UW3+ H 43.8 435 43.6 43.6 0.1
,O,irrigated with fresh water

46 | ECe soil contain Barley seeds with UW3+ 87.5 87.6 90.4 88.5 1.6
H,0 irrigated with 6000 mg/L brackish water

47 EC 1:2 soil contain Barley seeds with UW3+ 46.6 46.8 48.9 47.7 1.2
H,O,irrigated with 6000 mg/L brackish water

48 | ECe soil contain Barley seeds with UW3+ 93.0 92,5 91.9 92.5 0.5
H ,0,with 10000 mg/L brackish water

49 EC 1:2 soil contain Barley seeds with UW3+ 58.4 58.2 59.0 58.5 1.2
H ,O,irrigated with 10000 mg/L brackish water

50 ECe soil contain Malt seeds with UW3+ 63.4 63.0 63.2 63.2 0.5
H ,0sirrigated with fresh water

51 EC 1:2 soil contain Malt seeds with UW3+ 43.8 45.0 45.3 44.7 0.4
H ,O,irrigated with fresh water

52 ECe soil contain Malt seeds with UW3+ 82.5 83.6 82.4 82.8 0.2

H,0; irrigated with 6000 mg/L brackish water
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53 EC 1:2 soil contain Malt seeds with UW3+ 48.6 49.7 50.6 49.6 1.0
H,O,irrigated with 6000 mg/L brackish water

54 ECe soil contain Malt seeds with UW3+ 93.8 92.7 92.6 93.0 0.6
H »,O,with 10000 mg/L brackish water

55 EC 1:2 soil contain Malt seeds with UW3+ 57.4 58.2 58.8 58.1 0.7
H 202irrigated with 10000 mg/L brackish water

56 | ECe soil contain Barley seeds with 63.0 63.0 63.2 63.1 0.1
H ,Osirrigated with fresh water

57 | EC 1:2 soil contain Barley seeds with 42.8 42.0 42.3 42.4 0.4
H ,Osirrigated with fresh water

58 ECe soil contain Barley seeds with H ,0, irrigated 88.05 89.0 88.4 88.5 0.4
with 6000 mg/L brackish water

59 | EC 1:2 soil contain Barley seeds with 47.6 47.7 47.9 47.7 0.1
H,O,irrigated with 6000 mg/L brackish water

60 | ECe soil contain Barley seeds with 91.0 91.7 91.6 91.4 0.3
H »,O,with 10000 mg/L brackish water

61 EC 1:2 soil contain Barley seeds with 58.4 58.2 58.8 58.4 0.3
H ,0,irrigated with 10000 mg/L

62 ECe soil contain Malt seeds with 64.0 64.3 64.4 64.2 0.2
H ,Osirrigated with fresh water

63 EC 1:2 soil contain Malt seeds with 43.8 43.0 43.3 43.3 0.4
H ,O,irrigated with fresh water

64 ECe soil contain Malt seeds with 83.05 83.0 83.4 83.15 0.2
H,0, irrigated with 6000 mg/L brackish water

65 EC 1:2 soil contain Malt seeds with 50.6 50.7 50.9 50.73 0.1
H,0,irrigated with 6000 mg/L brackish water

66 ECe soil contain Malt seeds with H ,0O,with 10000 94.0 94.3 94.6 94.3 0.3
mg/L brackish water

67 EC 1:2 soil contain Malt seeds with 59.4 59.2 59.5 59.3 1.5

H,O,irrigated with 10000 mg/L brackish water
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measurement

of Electrical
conductivity (EC) in unit ds/l each trials after 20 days, each parameter
was performed in triplicate at Temp 17 °C

num

Name of parameter

Trial num
1
ds/I

Trial
num 2
ds/I

Trial
num 3
ds/I

Average

SD

ECe control soil irrigated with
fresh water

0.101

0.102

0.100

0.101

0.001

EC 1:2 control soil irrigated
with fresh water

0.071

0.076

0.070

0.072

0.003

ECe control soil irrigated with
6000 mg/L brackish water

0.142

0.14

0.141

0.140

0.007

EC 1:2 control soil irrigated
with 6000 mg/L brackish
water

0.079

0.079

0.079

0.079

0.002

ECe control soil irrigated with
10000 mg/L brackish water

0.149

0.149

0.147

0.149

0.001

EC 1:2 control soil irrigated
with 10000 mg/L brackish
water

0.094

0.095

0.093

0.094

0.001

ECe soil contain Barley seeds
with UW3 irrigated with fresh
water

0.102

0.102

0.100

0.101

0.009

EC 1:2 soil contain Barley
seeds with UW3 irrigated with
fresh water

0.101

0.102

0.100

0.101

0.001

ECe soil contain Barley seeds
with UWa3irrigated with 6000
mg/L brackish water

0.07

0.069

0.069

0.069

0.002

10

EC 1:2 soil contain Barley
seeds with UWa3irrigated with
6000 mg/L brackish water

0.107

0.108

0.108

0.108

0.003

11

ECe soil contain Barley seeds
with  UW3with 10000 mg/L
brackish water

0.079

0.082

0.080

0.080

0.001

12

EC 1:2 soil contain Barley
seeds with UWa3irrigated with
10000 mg/L brackish water

0.110

0.113

0.108

0.110

0.002

14

ECe soil contain Malt seeds
with UW3 irrigated with fresh
water

0.078

0.082

0.076

0.078

0.003

15

EC 1:2 soil contain Malt seeds
with UW3 irrigated with fresh
water

0.103

0.102

0.103

0.103

0.006

16

ECe soil contain Malt seeds
with UWa3irrigated with 6000
mg/L brackish water

0.139

0.139

0.139

0.139

0.003

17

EC 1:2 soil contain Malt seeds
with UWairrigated with 6000
mg/L brackish water

0.094

0.094

0.094

0.101

0.003
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18

ECe soil contain Malt seeds
with UW3with 10000 mg/L
brackish water

0.150

0.149

0.150

0.150

0.001

19

EC 1:2 soil contain Malt seeds
with UWa3irrigated with 10000
mg/L brackish water

0.094

0.094

0.094

0.094

0.003

20

ECe soil contain Barley seeds
with UW4 irrigated with fresh
water

0.102

0.102

0.101

0.101

0.001

21

EC 1:2 soil contain Barley
seeds with UW4 irrigated with
fresh water

0.072

0.073

0.072

0.072

0.005

22

ECe soil contain Barley seeds
with UWdirrigated with 6000
mg/L brackish water

0.107

0.108

0.108

0.108

0.003

23

EC 1:2 soil contain Barley
seeds with UWd4irrigated with
6000 mg/L brackish water

0.079

0.082

0.080

0.081

0.001

24

ECe soil contain Barley seeds
with  UW4with 10000 mg/L
brackish water

0.114

0.113

0.114

0.114

0.008

25

EC 1:2 soil contain Barley
seeds with UWdirrigated with
10000 mg/L brackish water

0.08

0.080

0.080

0.080

0.003

26

ECe soil contain Malt seeds
with UW4 irrigated with fresh
water

0.093

0.093

0.092

0.093

0.001

27

EC 1:2 soil contain Malt seeds
with UW4 irrigated with fresh
water

0.0715625

0.0729687

0.071562

0.07203125

0.008

28

ECe soil contain Malt seeds
with UWdirrigated with 6000
mg/L brackish water

0.139

0.139

0.139

0.1393

0.001

29

EC 1:2 soil contain Malt seeds
with UWdirrigated with 6000
mg/L brackish water

0.096

0.096

0.095

0.095

0.006

30

ECe soil contain Malt seeds
with  UW4with 10000 mg/L
Brackish water

0.136

0.137

0.136

0.137

0.007

31

EC 1:2 soil contain Malt seeds
with UW4irrigated with 10000
mg/L brackish water

0.093

0.093

0.093

0.093

0.002

32

ECe soil contain Barley seeds
with UW3+UW4 irrigated with
fresh water

0.098

0.099

0.099

0.099

0.002

33

EC 1:2 soil contain Barley
seeds with uw3+Uw4
irrigated with fresh water

0.065

0.067

0.066

0.066

0.004

34

ECe soil contain Barley seeds
with UW3+UW4 irrigated with
6000 mg/L brackish water

0.1

0.100

0.100

0.100

0.002

35

EC 1.2 soil contain Barley

0.070

0.071

0.078

0.073

0.001
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seeds with UW3 +Uw4
irrigated with 6000 mg/L
brackish water

36

ECe soil contain Barley seeds
with  UW3+UW4with 10000
mg/L brackish water

0.107

0.106

0.106

0.106

0.009

37

EC 1:2 soil contain Barley
seeds with
UW3+UW(dirrigated with
10000 mg/L brackish water

0.067

0.067

0.069

0.068

0.002

38

ECe soil contain Malt seeds
with UW3+UWH4 irrigated with
fresh water

0.089

0.089

0.089

0.089

0.009

39

EC 1:2 soil contain Malt seeds
with UW3+UW4 irrigated with
fresh water

0.073

0.072

0.073

0.073

0.005

40

ECe soil contain Malt seeds
with UW3+UW4 irrigated with
6000 mg/L brackish water

0.131

0.132

0.132

0.132

0.005

41

EC 1:2 soil contain Malt seeds
with UW3+UWdirrigated with
6000 mg/L brackish water

0.097

0.097

0.098

0.097

0.001

42

ECe soil contain Malt seeds
with UW3+UWA4with 10000
mg/L brackish water

0.136

0.137

0.136

0.136

0.001

43

EC 1:2 soil contain Malt seeds
with UW3+UW4 irrigated with
10000 mg/L brackish water

0.088

0.087

0.088

0.0.088

0.002

44

ECe soil contain Barley seeds
with UW3+
H ,O,irrigated with fresh water

0.100

0.100

0.100

0.100

0.002

45

EC 1:2 soil contain Barley
seeds with UW3+ H
,O,irrigated with fresh water

0.068

0.067

0.068

0.670

0.001

46

ECe soil contain Barley seeds
with UW3+ H ,0, irrigated
with 6000 mg/L brackish
water

0.136

0.136

0.141

0.138

0.008

47

EC 1.2 soil contain Barley
seeds with UW3+H,0,irrigated
with 6000 mg/L brackish
water

0.072

0.073

0.076

0.074

0.006

48

ECe soil contain Barley seeds
with UW3+
brackish water

0.145

0.144

0.143

0.143

0.003

49

EC 1.2 soil contain Barley
seeds with UwW3+
H202irrigated with 10000
mg/L Brackish water

0.091

0.090

0.092

0.091

0.001

50

ECe soil contain Malt seeds
with UW3+
H 202irrigated with fresh

0.099

0.098

0.098

0.099

0.001
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water

51 | EC 1:2 soil contain Malt seeds 0.068 0.070 0.070 0.069 0.001
with UW3+
H 202irrigated with fresh
water

52 | ECe soil contain Malt seeds 0.128 0.130 0.128 0.129 0.001
with UW3+ H 202 irrigated
with 6000 mg/L Brackish
water

53 | EC 1:2 soil contain Malt seeds 0.075 0.077 0.079 0.077 0.001
with UW3+
H 202irrigated with 6000
mg/L Brackish water

54 | ECe soil contain Malt seeds 0.146 0.144 0.144 0.145 0.017
with UW3+
H 202with 10000 mg/L
Brackish water

55 | EC 1:2 soil contain Malt seeds 0.089 0.090 0.091 0.086 0.006
with UW3+
H 202irrigated with 10000
mg/L Brackish water

56 | ECe soil contain Barley seeds 0.098 0.098 0.098 0.098 0.007
with H 202irrigated with fresh
water

57 | EC 1:2 soil contain Barley 0.066 0.065 0.066 0.066 0.002
seeds with H 202irrigated with
fresh water

58 | ECe soil contain Barley seeds 0.137 0.139 0.138 0.138 0.005
with H 202 irrigated with 6000
mg/L Brackish water

59 | EC 1:2 soil contain Barley 0.074 0.074 0.074 0.74 0.004
seeds with
H 202irrigated with 6000
mg/L Brackish water

60 | ECe soil contain Barley seeds 0.142 0.143 0.143 0.111 0.003
with
H ,0,with 10000 mg/L
Brackish water

61 | EC 1:2 soil contain Barley 0.091 0.090 0.091 0.091 0.006
seeds with H 202irrigated with
10000 mg/L

62 | ECe soil contain Malt seeds 0.100 0.100 0.101 0.100 0.003
with
H,Osirrigated with fresh water

63 | EC 1:2 soil contain Malt seeds 0.068 0.067 0.067 0.067 0.004
with H 202irrigated with fresh
water

64 | ECe soil contain Malt seeds 0.129 0.129 0.130 0.129 0.003
with  H 202 irrigated with
6000 mg/L Brackish water

65 | EC 1:2 soil contain Malt seeds 0.079 0.079 0.079 0.079 0.002

with
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H 202irrigated with 6000
mg/L Brackish water

66 | ECe soil contain Malt seeds 0.146 0.147 0.147 0.147 0.004
with
H 202with 10000 mg/L
brackish water

67 | EC 1:2 soil contain Malt seeds 0.092 0.092 0.092 0.097 0.002

with
H20O2irrigated with 10000
mg/L brackish water
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Annex.3: Measurement of electrical conductivity of brackish water for
two syntheses samples before and for decants water for each trial.
Each trial was performed in triplicate

Name of parameter Trial | Trial num Trial Average | Standard

num 1 2 num 3 deviation
TDS TDS TDS
9/l 9/ 9/l

EC  for 6000mg/L of [ 5.98 5.89 5.95 5.94 0.04

brackish ~ water before

irrigation

EC for 10000 mg/L of| 9.87 9.94 9.96 9.92 0.04

brackish  water before

irrigation

EC for decent brackish | 3.65 3.67 3.64 3.65 0.01

water  of Barley seeds
with UWairrigated with
6000 mg/L brackish water

EC for decent water of | 6.94 6.90 6.87 6.90 0.03
Barley seeds with
UWairrigated with 10000
mg/L brackish water

EC for decent brackish | 4.89 4.90 4.92 4.90 0.01
water of Malt seeds with
UWairrigated with 6000
mg/L brackish water

EC for decent water of | 8.70 8.75 8.74 8.73 0.02
Malt seeds with
UWairrigated with 10000
mg/L brackish water

EC for decent brackish | 3.25 3.28 3.26 3.26 0.01
water  of Barley seeds
with UWdirrigated with
6000 mg/L brackish water

EC for decent water of [ 6.17 6.13 6.15 6.15 0.02
Barley seeds with UW4
irrigated with 10000 mg/L
brackish water

EC for decent Brackish | 4.75 4.76 4.79 4.76 0.02
water of Malt seeds with
UWdirrigated with 6000
mg/L Brackish water

EC for decent water of | 7.77 7.79 7.77 7.77 0.01
Malt seeds with
UWdirrigated with 10000
mg/L brackish water

EC for decent brackish | 2.85 2.87 2.84 2.85 0.01
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water  of Barley seeds
with UW3 +UWdirrigated
with 6000 mg/L brackish
water

EC for decent water of
Barley seeds  with
UW3+UW4 irrigated with
10000 mg/L  brackish
water

6.47

6.43

6.45

6.45

0.02

EC for decent brackish
water of Malt seeds with
UW3+UWdirrigated with
6000 mg/L brackish water

3.86

3.85

3.82

3.84

0.02

EC for decent water of
Malt seeds with
UW3+UW4 irrigated with
10000 mg/L  Brackish
water

7.70

7.65

7.68

7.67

0.02

EC for decent brackish
water  of Barley seeds
with UW3+H202irrigated
with 6000 mg/L brackish
water

3.16

3.15

3.13

3.14

0.01

EC for decent water of
Barley seeds with UW3+
H202  irrigated  with
10000 mg/L  brackish
water

6.70

6.65

6.68

6.67

0.02

EC for decent brackish
water  of Barley seeds
with H,Osirrigated with
6000 mg/L brackish water

4. 88

4.89

4.90

4.89

0.01

EC for decent water of
Barley seeds  with
H20,irrigated with 10000
mg/L brackish water

8.89

8.87

8.85

8.87

0.02

EC for decent Brackish
water of Malt seeds with
irrigated with 6000 mg/L
brackish water

5.10

5.09

5.02

5.07

0.04

EC for decent brackish
water of Malt seeds with
irrigated with 10000 mg/L
brackish water

9.87

9.94

9.96

9.92

0.04
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Annex.4 picture for trials selected random trials
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Annex.5: PAM fluometry measurement for Barley plant irrigated with

6000 of brackish water.

Time | Average | Standard | Average | Standard
Min: Sec | Y(Il) |deviation| NPQ | deviation
0:00:00 0.779 0.019 0.006 0.001
0:00:42 0.159 0.027 0.001 0.001
0:01:02 0.197 0.041 0.251 0.035
0:01:23 0.257 0.046 0.383 0.046
0:01:43 0.308 0.049 0.395 0.053
0:02:03 0.329 0.047 0.392 0.055
0:02:23 0.361 0.044 0.371 0.056
0:02:44 0.372 0.040 0.362 0.055
0:03:04 0.385 0.037 0.350 0.053
0:03:24 0.388 0.038 0.346 0.053
0:03:45 0.388 0.038 0.345 0.052
0:04:05 0.398 0.039 0.337 0.052
0:04:25 0.405 0.035 0.329 0.049
0:04:45 0.416 0.036 0.322 0.048
0:05:06 0.419 0.034 0.319 0.046
0:05:20 0.602 0.036 0.214 0.037
0:05:32 0.613 0.033 0.196 0.030
0:05:46 0.632 0.028 0.175 0.023
0:06:04 0.651 0.023 0.156 0.014
0:06:24 0.666 0.021 0.144 0.011
0:06:48 0.673 0.017 0.131 0.006
0:07:18 0.686 0.016 0.119 0.004
0:07:53 0.694 0.014 0.111 0.005
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Annex.6: PAM fluometry measurement for Barley plant irrigated with

10000 of brackish water.

Time | Average | Standard | Average | Standard
Min:Sec | Y(II) deviation NPQ deviation
0:00:00 0.779 0.012 0.005 0
0:00:42 0.238 0.041 0 0
0:01:02 0.267 0.055 0.197 0.036
0:01:23 0.301 0.058 0.312 0.055
0:01:43 0.321 0.057 0.335 0.062
0:02:03 0.378 0.052 0.306 0.065
0:02:23 0.396 0.043 0.296 0.060
0:02:44 0.415 0.043 0.281 0.059
0:03:04 0.416 0.036 0.281 0.053
0:03:24 0.404 0.029 0.289 0.047
0:03:45 0.408 0.026 0.289 0.041
0:04:05 0.406 0.027 0.295 0.040
0:04:25 0.408 0.020 0.296 0.032
0:04:45 0.416 0.019 0.295 0.030
0:05:06 0.410 0.022 0.301 0.030
0:05:20 0.603 0.018 0.195 0.019
0:05:32 0.617 0.019 0.179 0.015
0:05:46 0.627 0.015 0.168 0.008
0:06:04 0.635 0.018 0.158 0.009
0:06:24 0.644 0.011 0.148 0.007
0:06:48 0.657 0.017 0.131 0.006
0:07:18 | 0.665 0.016 0.119 0.004
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Annex.7: PAM fluometry measurement for treated Barley seeds with
UWa3 irrigated with fresh water.

Time | Average | Standard | Average | Standard
Min:Sec | Y(Il) |deviation| NPQ | deviation
0:00:00 |0.786 0.008 0.005 0.001
0:00:42 |0.217 0.015 0.005 0.001
0:01:02 |0.351 0.008 0.231 0.027
0:01:23 |0.429 0.008 0.234 0.026
0:01:43 |0.451 0.013 0.210 0.023
0:02:03 |0.479 0.013 0.183 0.018
0:02:23 | 0.484 0.015 0.182 0.014
0:02:44 |0.482 0.012 0.193 0.012
0:03:04 |0.486 0.014 0.205 0.012
0:03:24 |0.489 0.017 0.214 0.013
0:03:45 |0.492 0.019 0.225 0.014
0:04:05 | 0.487 0.021 0.237 0.016
0:04:25 |0.488 0.022 0.242 0.017
0:04:45 |0.480 0.023 0.250 0.016
0:05:06 |0.488 0.023 0.250 0.017
0:05:20 |0.631 0.016 0.178 0.010
0:05:32 | 0.644 0.013 0.164 0.007
0:05:46 | 0.653 0.009 0.156 0.004
0:06:04 | 0.657 0.011 0.153 0.005
0:06:24 | 0.667 0.009 0.143 0.002
0:06:48 | 0.679 0.008 0.133 0.002
0:07:18 |0.688 0.008 0.120 0.002
0:07:53 |0.700 0.012 0.115 0.006
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Annex.8: PAM fluometry measurement for treated Barley seeds with

UWa3 irrigated with 6000 mg/L of brackish water.

Time | Average | Standard | Average | Standard
Min:sec| Y(II) |deviation| NPQ | deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.005
0:01:02 | 0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 | 0.283 0.043 0.442 0.02
0:02:03 | 0.318 0.044 0.423 0.0383
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 | 0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 | 0.388 0.025 0.346 0.042
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 | 0.412 0.013 0.313 0.028
0:05:20 | 0.593 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006
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Annex.9: PAM fluometry measurement for treated Barley seeds with

UW3 irrigated with 10000 mg/L of brackish water.

Time | Average | Standard | Average | Standard
Min:Sec| Y(Il) |deviation| NPQ deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.005
0:01:02 | 0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 | 0.283 0.043 0.442 0.024
0:02:03 | 0.318 0.044 0.423 0.038
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 | 0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 | 0.388 0.025 0.346 0.048
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 | 0.412 0.013 0.313 0.028
0:05:20 | 0.5937 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006
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Annex.10: PAM fluometry measurement for treated Barley seeds with
UW414 irrigated with fresh water

-Il\-/II:Tr:e Average | Standard | Average | Standard
Sec- Y(I1) | deviation | NPQ | deviation

0:00:00 | 0.786 0.008 0.005 0.005
0:00:42 | 0.217 0.015 0.005 0.001
0:01:02 | 0.351 0.008 0.231 0.027
0:01:23 | 0.429 0.008 0.234 0.026
0:01:43 | 0.451 0.013 0.210 0.023
0:02:03 | 0.479 0.013 0.183 0.018
0:02:23 | 0.484 0.015 0.182 0.014
0:02:44 | 0.482 0.012 0.193 0.012
0:03:04 | 0.486 0.014 0.205 0.012
0:03:24 | 0.489 0.017 0.216 0.013
0:03:45 | 0.490 0.019 0.225 0.014
0:04:05 | 0.487 0.021 0.237 0.016
0:04:25 | 0.488 0.022 0.242 0.017
0:04:45 | 0.480 0.023 0.250 0.0166
0:05:06 | 0.488 0.023 0.250 0.017
0:05:20 | 0.631 0.016 0.178 0.010
0:05:32 | 0.644 0.013 0.164 0.007
0:05:46 | 0.653 0.009 0.156 0.004
0:06:04 | 0.657 0.011 0.153 0.005
0:06:24 | 0.667 0.009 0.143 0.002
0:06:48 | 0.679 0.008 0.133 0.002
0:07:18 | 0.688 0.008 0.126 0.002
0:07:53 0.7 0.012 0.115 0.006
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Annex.11: PAM fluometry measurement for treated Barley seeds with

UW414 irrigated with 6000 mg/L of brackish water.

Time |/Average | Standard | Average | Standard
Min:Sec | Y(II) |deviation| NPQ | deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.005
0:01:02 | 0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 | 0.283 0.043 0.442 0.024
0:02:03 | 0.318 0.044 0.423 0.038
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 | 0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 | 0.388 0.025 0.346 0.042
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 | 0.412 0.013 0.313 0.028
0:05:20 | 0.593 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006
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Annex.12: PAM fluometry measurement for treated Barley seeds with

UW4 irrigated with 10000 mg/L of brackish water.

Time |/Average |Standard | Average | Standard
Min:Sec | Y(II) |deviation| NPQ | deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.005
0:01:02 | 0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 | 0.283 0.043 0.442 0.024
0:02:03 | 0.318 0.044 0.423 0.038
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 | 0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 | 0.388 0.025 0.346 0.042
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 | 0.412 0.013 0.313 0.028
0:05:20 | 0.593 0.009 0.207 0.019
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006
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Annex.13: PAM fluometry measurement for treated Barley seeds with
UW3+UWA1 irrigated fresh water

Sm? Average Star_ldgrd Average Star_1de_1rd
sec i Y(Il) | deviation| NPQ deviation
0:00:00 0.786 0.008 0.005 0.001
0:00:42 0.217 0.015 0.005 0.001
0:01:02 0.351 0.008 0.231 0.027
0:01:23 0.429 0.008 0.234 0.026
0:01:43 0.451 0.013 0.210 0.023
0:02:03 0.479 0.013 0.183 0.018
0:02:23 0.484 0.015 0.182 0.014
0:02:44 0.482 0.012 0.193 0.012
0:03:04 0.486 0.014 0.205 0.012
0:03:24 0.489 0.017 0.216 0.013
0:03:45 0.490 0.019 0.225 0.014
0:04:05 0.487 0.021 0.237 0.016
0:04:25 0.488 0.022 0.242 0.017
0:04:45 0.480 0.023 0.250 0.016
0:05:06 0.488 0.023 0.250 0.017
0:05:20 0.631 0.016 0.178 0.010
0:05:32 0.644 0.013 0.164 0.007
0:05:46 0.653 0.009 0.156 0.004
0:06:04 0.657 0.011 0.153 0.005
0:06:24 0.667 0.009 0.143 0.002
0:06:48 0.679 0.008 0.133 0.002
0:07:18 0.688 0.008 0.126 0.002
0:07:53 0.700 0.012 0.115 0.006




Annex.14: PAM fluometry measurement for treated Barley seeds with
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UW3+UW4 irrigated 6000 mg/L of brackish water.

:/I'me_ Average Star_ldgrd Average Star_1d<'?1rd
sec i Y(I1) deviation NPQ deviation
0:00:00 0.769 0.009 0.006 0.001
0:00:42 0.155 0.030 0 0.005
0:01:02 0.197 0.043 0.299 0.028
0:01:23 0.258 0.047 0.422 0.018
0:01:43 0.283 0.043 0.442 0.024
0:02:03 0.318 0.044 0.423 0.038
0:02:23 0.346 0.040 0.401 0.041
0:02:44 0.353 0.034 0.389 0.041
0:03:04 0.363 0.033 0.379 0.044
0:03:24 0.373 0.028 0.366 0.043
0:03:45 0.385 0.023 0.351 0.039
0:04:05 0.388 0.025 0.346 0.042
0:04:25 0.397 0.018 0.332 0.036
0:04:45 0.397 0.015 0.328 0.033
0:05:06 0.412 0.013 0.313 0.028
0:05:20 0.593 0.009 0.207 0.016
0:05:32 0.600 0.004 0.195 0.012
0:05:46 0.612 0.0053 0.185 0.010
0:06:04 0.624 0.003 0.172 0.007
0:06:24 0.641 0.002 0.159 0.004
0:06:48 0.646 0.007 0.151 0.004
0:07:18 0.658 0.005 0.141 0.006
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Annex.15: PAM fluometry measurement for treated Barley seeds with
UW3+UWH4 irrigated with 10000 mg/L of brackish water

Time | Average | Standard | Average | Standard
Min:sec | Y(Il) | deviation NPQ deviation
0:00:00 |0.769 0.009 0.006 0.001
0:00:42 |0.155 0.030 0.00 0.005
0:01:02 |0.197 0.043 0.2993 0.028
0:01:23 |0.258 0.047 0.422 0.018
0:01:43 |0.283 0.043 0.442 0.024
0:02:03 |0.318 0.044 0.423 0.038
0:02:23 |0.346 0.040 0.401 0.041
0:02:44 |0.353 0.034 0.389 0.041
0:03:04 |0.363 0.033 0.379 0.044
0:03:24 ]0.373 0.028 0.366 0.043
0:03:45 |0.385 0.023 0.351 0.039
0:04:05 |0.388 0.025 0.346 0.042
0:04:25 |0.397 0.018 0.332 0.036
0:04:45 |0.397 0.015 0.328 0.033
0:05:06 |0.412 0.013 0.313 0.028
0:05:20 |0.593 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 |0.624 0.003 0.172 0.007
0:06:24 |0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 |0.658 0.005 0.141 0.006




Annex.16: PAM fluometry measurement for treated Barley seeds with
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UW3+H,0, irrigated with fresh water

Time

. Average | Standard | Average | Standard
Min: Y(I1) | deviation | NPQ | deviation
Sec
0:00:00 | 0.779 0.019 0.006 0.001
0:00:42 | 0.159 0.027 0.001 0.001
0:01:02 | 0.197 0.041 0.251 0.035
0:01:23 | 0.257 0.046 0.383 0.046
0:01:43 | 0.308 0.049 0.395 0.053
0:02:03 | 0.329 0.047 0.392 0.055
0:02:23 | 0.361 0.044 0.371 0.056
0:02:44 | 0.372 0.040 0.362 0.055
0:03:04 | 0.385 0.037 0.350 0.053
0:03:24 | 0.388 0.038 0.346 0.053
0:03:45 | 0.388 0.038 0.345 0.052
0:04:05 | 0.398 0.039 0.337 0.052
0:04:25 | 0.405 0.035 0.329 0.049
0:04:45 | 0.416 0.036 0.322 0.048
0:05:06 | 0.419 0.034 0.319 0.046
0:05:20 | 0.602 0.036 0.214 0.037
0:05:32 | 0.613 0.033 0.196 0.030
0:05:46 | 0.632 0.028 0.175 0.023
0:06:04 | 0.651 0.023 0.156 0.014
0:06:24 0.66 0.021 0.144 0.011
0:06:48 | 0.673 0.017 0.131 0.006
0:07:18 | 0.686 0.016 0.119 0.004
0:07:53 | 0.694 0.014 0.11 0.005
0:08:35 | 0.700 0.012 0.106 0.004
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Annex.17: PAM fluometry measurement for treated Barley seeds with
UW3+H,0; irrigated with 6000 mg/L of brackish water

Time | Average | Standard | Average | Standard
Min:sec| Y(Il) |deviation| NPQ | deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.005
0:01:02 |0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 |0.283 0.043 0.442 0.024
0:02:03 |0.318 0.044 0.423 0.038
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 |0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 |0.388 0.025 0.346 0.042
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 |0.412 0.013 0.313 0.028
0:05:20 | 0.593 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.615 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006




Annex.18: PAM fluometry measurement for treated Barley seeds with
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UW3+H,0, irrigated with 10000 mg/L of brackish water

Time Average Standgrd Average Star_1de_1rd
Y(Il) | deviation| NPQ | deviation
0:00:00 | 0.769 0.009 0.006 0.001
0:00:42 | 0.155 0.030 0 0.001
0:01:02 | 0.197 0.043 0.299 0.028
0:01:23 | 0.258 0.047 0.422 0.018
0:01:43 | 0.283 0.043 0.442 0.024
0:02:03 | 0.318 0.044 0.423 0.038
0:02:23 | 0.346 0.040 0.401 0.041
0:02:44 | 0.353 0.034 0.389 0.041
0:03:04 | 0.363 0.033 0.379 0.044
0:03:24 | 0.373 0.028 0.366 0.043
0:03:45 | 0.385 0.023 0.351 0.039
0:04:05 | 0.388 0.025 0.346 0.042
0:04:25 | 0.397 0.018 0.332 0.036
0:04:45 | 0.397 0.015 0.328 0.033
0:05:06 | 0.412 0.013 0.313 0.028
0:05:20 | 0.593 0.009 0.207 0.016
0:05:32 | 0.600 0.004 0.195 0.012
0:05:46 | 0.612 0.005 0.185 0.010
0:06:04 | 0.624 0.003 0.172 0.007
0:06:24 | 0.641 0.002 0.159 0.004
0:06:48 | 0.646 0.007 0.151 0.004
0:07:18 | 0.658 0.005 0.141 0.006
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