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Abstract

Agricultural wells salinization is a major probldacing the agricultural sector in Palestine
Over the past 3 decades, agricultural wells sglihéis raised from 570 ppm in 1967 to
reach 4500 ppm in 2012 and in some places (wedlsthe Dead Sea) it reaches more than
19000 ppm. The water salinity in the Jericho distis still under control but due to the
excessive agriculture, over pumpage, excessive afiséertilizers and pesticides the
problem will become more severe unless some stnkeagement had been done.

In 2012, the Ministry of Agriculture has installedsmall desalination unit with a total
capacity of 60 rifhr and electrical conductivity of 200 ppm to beedior agricultural
purposes to irrigate the cultivated lands at Maajdja village which is located 40 km
north to Jericho city.

The main objective of the study is to assess thgaanof using desalinated, blended, and
raw brackish water on the heavy saline soil feytilthe tomato crop productivity, and
tomato fruit quality.

Research hypothesis was that irrigating Hesalne soil with desalinated water might
affect the soil fertility and this will have a nélya@ impact on the tomato plant productivity
and fruit quality, and this effect could be accondated by blended with raw saline water
with a certain ratio.

The selected blending ratio were selected firselaon the MoA recommendation to the
farmers to irrigate with 750 ppm water concentrats at this ratio most of the crops can

tolerate this salinity level and by this concentmatthe amount of water that is produced
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from the desalinated unit can be increased, whgel600 ppm is the salinity threshold for
the tomato

The research was conducted during the winter seab@013/2014, were the seedlings
were planted in October in a greenhouse that iatéoc at Marj Na’'aja village, four
categories of water treatment were used in theareBewere T1 is the desalinated water
with EC=200 ppm and two blended water treatmentwif®@ EC=750ppm and T3 with
EC=1600 ppm and the last treatment T4 the rawealater with EC= 4500 ppm.

The main results that were found in this researetew

The heavy saline soil fertility decreased dramdticahen irrigated with desalinated water
with 200 TDS ppm for all macronutrients as the Nedses from 24.5 ppm (high) to 10
ppm (medium), P decrease from 31.25 ppm to 17,d€awe from 111 ppm to 65 ppm, and
Ca decease from 485 ppm to 108, while the raw esaliater give the highest soil fertility
as the concentration of the macro nutrients wahttji decreased at the end of cultivation
season.

The tomato plat yield with blended water with TDEDHpm (20 kg per plant) followed by
blended water with TDS 1600 ppm (18.8 kg/plantgntlusing raw saline water with TDS
4500 ppm (13 kg/plant), and the lowest value usiegalinated water with 200 TDS ppm
(12 kg/plant), the research results about the proolu are aligned with the production
quantities documented by MOA (PCBS 2007-2010), &btog to their reports, the
average productivity for the tomato seedling undsame conditions in terms of the

availability irrigation water and nutrients is 28-kg per seedlings.
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Regarding the fruit quality significant variations tomato fruit quality parameters were
obtained (TSS) were lowest at TDS 200 ppm and kigiwben plants were irrigated with
raw saline water of TDS 4500 ppm then with blendeder with TDS 750, and 1600 ppm
respectively.

Therefore, irrigating heavy saline soil with desated water of different salinity has
detrimental effects on the soil fertility, tomatdapt productivity and fruit quality.
Therefore, negative aspects had been alleviatedigating with blended water, which has

positive effects on soil fertility and tomato plawrbductivity and fruit quality.
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Chapter One: Introduction
1.1 Background
Given current demographic trends and future gropvthections, as much as 60% of the
global population may suffer water scarcity by twar 2025 (Pimenteét al., 1999;
Rijsberman, 2006). However, water-scarce countkidshave to rely more on the use of
non-conventional water resources to partly alleviatater scarcity. Non-conventional
water resources are either generated as a produspexialized processes such as
desalination or need suitable pre-use treatmentorandppropriate soil-water—crop
management strategies when used for irrigation {©aeal., 2000; Hatfieldet al., 2001,
Kijne et al., 2003). In water-scarce environments, such wedspurces are accessed
through the desalination of seawater and highlglsh groundwater, the harvesting of
rainwater and the use of irrigation consist of wastter, agricultural drainage water, and
groundwater containing different types of saltss levident that water-scarce countries are
not able to meet their food requirements using dbeventional and non-conventional
water resources available within their boundaries.
Limited water resources (recharge of the aquifarges 565-822 MCM/y based on the
amount of the rainfall only 45% are used for adtioe) restricted the irrigated lands (in
the West Bank about 870,000 dunum) (MoA, 2012)tteced in different areas and
especially in the Jordan Valley (JV). Water saklian considered as one of the major
constraints facing arable lands and cultivationedflgwment in the West Bank (WB),

mainly in Jordan valley as the wells water quabtgeteriorated with time due to in proper



water management, excessive use of fertilizersthadsea water intrusion due to over
pumpage (PWA, 2012).

Studies showed that irrigating with high level ohdkish water can lead to decrease in
crop productivity and quality compared to irrigatiwith fresh water, while irrigating with
desalinated water, might also lead to decreaseom jgroductivity and quality due to the
leaching of nutrient present in the soil and alse do water low content of essential
nutrient’s as N, P, K in the irrigation water (Mslfeet al., 2008). In general, saline water
conditions reduce the productivity of consideradiaps in the West Bank, while the saline
water enhance and improved the quality of somescegpecially the tomato crop, these
results might amply on the desalinated water, isiwould take in consideration that the
irrigated solil is a sodic soil, and some studileswsed that irrigating sodic soil or saline
soil with high content of sodium, with fresh watdéiad led to increase exchangeable
sodium percentage (ESP) in the soil profile; angsequently there were some changes on
the primary physical processes associated with $aglium (Al- Omran, 2008), this might
affect the ability of the crop to uptake the wased the available nutrients in the soil
solution. Therefore, there is a need for continbeskarch and studies on problems of
irrigating with desalinated water and the many cheoaped inter-relations to crop
production and quality grown with this water qugalit

Several researchers have studied the effect ghiran with different salinity level on the
plant leaves macronutrient content. They concluthed the increase in water salinity
significantly reduces the concentration of N, PaKd Ca in plant leaves (Htial. (1997);

Afshariet al. (2011); Malashat al. (2008)).



Mixing saline with non-saline water less than 3rd$icreases the concentration of N, P,
K, and Ca in plant leaves in comparison with usirackish water (Malashat al. (2008)).
1.2 Research Hypothesis
Irrigating heavy saline soil with desalinated wateght have affect the on the soil fertility
and this will have consequences on plant produgtiand quality that could be
accommodated by blending with raw saline water aittertain ratio.
1.3 Research Objectives:
The overall objective of this research is to asiessmpact of using desalinated, blended,
raw brackish water, on the heavy saline soil figytiand the consequences on qualitative
and quantitative productivity of tomato crop.
The specific objectives of this research are tessshe effect of using irrigation water of
different salinity levels on:
- The effect on heavy saline soil fertility and neiis availability (N, P, K, Ca) for
the tomato plant;
- The effect on nutrients availability and concentrag (N, P, K, Ca) in the tomato
leaves;
- Productivity of tomato plants;
- Tomato fruit quality with special attention to th@st common marketable fruit
quality indicators (fruit pH, TSS, and EC).
1.4 ThesisOut line

The basic structure of this thesis is organizefive chapters:



Chapter 1: gives an introduction along with a backgd information, problem
definition and study objectives.

Chapter 2: summarizes the literature review reltdqatevious studies.

Chapter 3: deals with the methodology used to &ehtiee objectives of the study.
Chapter 4: explains the findings, results and discn

Chapter 5: concludes the results of the study agdested recommendations.



Chapter Two: Literature Review
2.1 Effect of Using Irrigation Water with Different Salinity Levels on Productivity
and Quality of Tomato Plant
In arid and semi arid zones, where the agricultanel is available mainly the irrigation
water is saline; desalination is becoming an attraanethod for increasing yields and
reducing negative environmental consequences. S@éetdesalinized water as a source of
irrigation water for agriculture is on the risenmany countries in the world (Yermiyalet
al., 2007b). Since it is estimated that agricultunagjation water is responsible for 87% of
global water consumption (Shiklomanov, 1997; Deblhl., 2002), the current freshwater
resources may soon be insufficient to meet the grpwemand for food. Technological
advances have made desalination an economicallyibfeasolution for high-return
agriculture, especially in arid and semi arid regiovhere water cost may be excessive due
to distance from, or depth to, the water supply20®6 an expert report by the United
Nations Food and Agriculture Organization (Martireezal., 2006) concluded that while
the costs of desalination are still prohibitivelygih for full use by most irrigated
agriculture, its use with high-value cash cropshsas greenhouse vegetables and flowers,
has become economically feasible at the presergesriln fact, desalinization of
wastewater effluent or brackish groundwater ofteaunfl in arid and semi arid regions
typically costs half or less than desalination ebwater (Zhouet al., 2005). Such
desalinated brackish water is being used more aoré foy farmers for irrigation at small
and large scales (Martinez al., 2006). Replacing saline irrigation water withsdknated

water is anticipated to increase yields due to ceduwsalinity stress and to allow drastic



decreases in the amount of water currently useteémhing salts out of the root zone. For
these reasons, desalination has, in fact, becama& aption for planners, decision-makers,
and growers in areas like Negev Highlands and Andabey. Nevertheless, the initial
experience with desalinated water has not been lebetyp positive (Yermiyahtet al.,
2007a, b).

Response of vegetables to the presence of increasednts of salts is primarily stunted
growth (Romero-Arandet al., 2001). The ultimate impact of excess salts isooirse very
dependent on the other environmental factors sadtuanidity, temperature, light and air
pollution (Shannon et al., 1994).

Most of the studies had concentrated on effechasaliater on the tomato crop productivity
and its quality and few studies had concentratethereffects of the desalinated water on
the tomato crop productivity and its quality or éalk consideration the farmers actual
practices to deal with both the saline or desadidiatater.

2.1.1 Effect of using irrigation water with diffenet salinity levels on tomato crop
productivity

Plant growth and development are mostly affectethbyenvironmental conditions. Water
plays the main role in the vital processes occumeithe plants, as the water is needed to
transport the essential elements from the rootpldot shoots. So the irrigation water
quality is important to enable the plant to absamd transport the needed plant macro and

micro nutrients.



2.1.1.1 Effect of brackish water on tomato crop pectivity

Plants could be exposed to different types of bistiess. Water salinity is one of the most
common stresses, were as the salinity of irrigatiater increase, it will probably affect
the soil, water, and plant relationship. Many stgdnave documented that irrigation with
saline or brackish water requires sensitive andag@ment practices to control the effect
on the crops productivity.

The effect of the water salinity on sensitive toonhybrid (ycopersicon esculentum L.)
was studied by several researchers, were in oneriexgnt, tomato plant cultivated and
irrigated with saline solution with different ECrestgth namely (3000, 4000 and 5000
ppm), and in other experiments tomato plant wagated by different concentration
ranges of saline water (saline water of 4.5 dS/mato-saline water of 0.55 dS/m). Results
indicate that, increasing the level of water salisignificantly reduced and has negative
effects on tomato plant growth parameters suchlad peight, leaf area, plant fresh and
dry weight, number of flowers, fruits number, frigize and weight, and plant yield
(Tantawyet al, 2009; Malashat al., 2008; Kahlaougt al,. 2011; Al-Omranet al., 2010;
Romero-Arandat al,. 2002; Boamalet al., 2011).

Also, the response of bell pepper (cv. Tarantohtpta quality of irrigation water was
tested under two main water salinity treatmentselgmmon-saline water (EC=0.6 dS/m)
and saline water (EC=3.8 dS/m). As expected amdasito the response of tomato plant
to saline water, irrigation of pepper plant by salwater led to a drop in fresh fruit yield

from 1450.5 (none-saline water) to 1038.8 g/plantiie water) (Patdt al., 2011).



It is often difficult to determine the relative ilnénce of osmotic effect and the effect of the
toxicity of specific ions on vegetable yield. Inyarase, yield losses due to osmotic stress
can be very significant even before symptoms oicitpxon leaves become noticeable.
Under the influence of salt stress growth of mgmgcges of vegetables is reduced, such as
tomato (Romero-Arandet al., 2001, Maggit al., 2004), pepper (De Pascatal.,

2003b), celery (De Pascadeal., 2003a) and peas (Maksimowcal., 2008, Maksimovic

et al ., 2010). There are significant differences it gderance between plant species and
genotypes and similar goes for the ability to @lemwater deficiency (Munns, 2002;
Lukovic et al., 2009).

The main cause of reduced plant growth in the piEsef salt can be impairment of water
regime. Increasing the salt concentration in thieiscreases the osmotic pressure of the
soil solution and plants cannot uptake the watevagdy as in the case of relatively non-
saline soils. Therefore, as the concentration lbf.ga soil EC increases, water becomes
less accessible to plants, even if the soil coataignificant amounts of water and looks
wet.

Leaf area index is a plant growth factor that wasatly affected by different irrigation
water salinity, in which it decreases as watemgglincrease, thus it acts as an indirect
factor that affect plant productivity. Many resdaers concluded that, as leaf area index
increase plant productivity increase (Heuveknhhl., 2005; Heuvelink, 1999).

2.1.1.2 Effect of desalinated water on tomato cqmpductivity

Usually when the water salinity level less than T40® ppm it is expected that the plant

doesn’t suffer from any problems, and no speciahagament practices are required to



improve the plant crop productivity or fruit qualittGhermandiet al., 2009; Ben-Gakt

al., 2009). They documented that the desalinatedrwigtdéo TDS 350 ppm increases the
yield biomass and increase the crop productivityabyost 50% under the condition of
adding fertilizers up to the plants needs. Contthdiother researchers have shared
different results that showed irrigation with désaled water up to TDS 200 ppm might
also have hamper effects on plant crop productivBgn-Galet al. (2009) have reported
that irrigating with fully desalinated water (20@m) maintained yields less than 90%
compared to irrigation with blended water up to 6d4fm, the same results were
documented by (Malket al., 2007) who studied the use of desalinated watethen
germination of wheat seed, the results showedth@atvheat seed germination decreased
as the seeds are irrigated with desalinated watereover the best results were obtained
with the blended water having a conductivity of ¢40n.

2.1.2 Effect of using irrigation water with diffenet salinity levels on tomato fruit quality
Fruit quality is an important issue which affects the fruit marketing process and its
economic value, the major fruit quality indicatdleat are widely used to describe the
tomato fruits are the TSS% to measure the frumrfiess and concentration of the soluble
solids in the fruit, where as the TSS% the fruitriere marketable for juice and tomato
paste manufacture. The Fruits Ec and Fruit pH a&edwan indicator for the fruit taste
quality where as they increased the fruit tasteeiser and more marketable.

Many Studies have concentrated on the effect obthekish, saline water, and desalinated
water. The majority have concentrated on the effdctorackish water on fruit, the

researchers concluded that the fruit quality rmtef TSS, EC, and pH were significantly



10

increase as water salinity increase (Malastha., 2008; Tantaw\et al., 2009; Al-Yahyai

et al., 2010). Al-Yahyaiet al. (2010) found that, fruit quality in term of TSS, E&hd pH
were non significantly affected by water salinitythe range of 3-6 dS/m.

2.2 Effect of Using Irrigation Water with Different Salinity Levels on Heavy Saline
Soil and Plant L eaves M acronutrients Content

In the preface to the ‘Special Issue: Plants aidigg, Tim Flowers (2006) emphasized
that “Soil salinity has been a threat to agricdtur some parts of the world for over 3000
years; in recent times, the threat has grown”. As world population continues to
increase, more food needs to be grown to feed ¢bplp. Moreover, the salinity problem
has been aggravated by the requirement of irrigatay crop production in arid and
semiarid environments. It is estimated that attl@®86 of all irrigated lands are salt-
affected (Pitmaret al., 2002). About 17% of the cultivated land is undégation; yet,
irrigated agriculture contributes more than 30%hef total agricultural production (Hillel,
2000). The total global area of salt-affected stits recently been estimated to be
approximately 830 million hectares (Martinez-Beitghal., 2005).

Solil salinity affects plants in different ways suaé osmotic effects, specific-ion toxicity
and/or nutritional disorders (L&uchdt al., 1990). The extent by which one mechanism
affects the plant over the others depends upon nfaotprs including the species,
genotype, plant age, ionic strength and compositibthe salinizing solution, and the
organ in question.

The impact of using desalinated water in irrigatisngoing to be mainly on the soil.

Several authors reported that the impact is corfiorg both salinity of brackish water and
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very low Ec water like desalinated water (Carretval., 2008. However, irrigation-
induced sodicity in soils exhibits structural prainls created by certain physical processes
(slaking, swelling, and dispersion of clays) aneécdiic conditions (surface crusting and
hard setting) (Shainberg al., 1984; Sumner, 1993; Qadit al., 2002). Such problems
affect water and air movement, plant-available watadding capacity, root penetration,
seedling emergence, runoff, erosion, and tillage sowing operations (Murtaza al.,
2005). In addition, imbalances and induced defdesin plant available nutrients in salt-
affected soils may affect plant growth adversellje adverse effects of salinity on crop
growth stem from two aspects: increasing the osmutéssure and thereby making the
water in the soil less available for the plants apdcific effects of some elements or ions
present in excess concentrations”.

Soil salinity may inhibit plant growth for two reass. First, the presence of salt in the soll
solution reduces the ability of the plant to takewater, and this leads to reductions in the
growth rate. This is referred to as the osmotiwater-deficit effect of salinity. Second, if
excessive amounts of salt enter the plant in #espiration stream there will be injury to
cells in the transpiring leaves and this may cdusther reductions in growth. This is
called the salt-specific or ion-excess effect dihgst (Greenway et al., 1980).

The effects of a saline soil are two-fold: there effects of the salt outside the roots, and
there are effects of the salt taken up by plants.

The salt in the soil solution (the “osmotic strgsgduces leaf growth and to a lesser extent

root growth, and decreases stomatal conductancetlar@by photosynthesis (Munns,
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1993). The cellular and metabolic processes inwble in common to drought-affected
plants. The first effects of soil salinity, esgglsi when it comes to low and moderate salt
concentrations, can be attributed to the incredsesmotic value of the soil solution
(Munnset al., 1986). With the increasing salinity of soil sotutj uptake of water through
the root system becomes more difficult which letmlslecreased evapotranspiration and
yield.

There are several reasons why evapotranspiraticneases with increase in soil salinity.
Due to decreased accessibility of water to the system root growth is reduced which
leads to a reduction in the total absorption aoeamater uptake. At the same time, total
leaf area e.g. transpiration surface is reducedorfes of the mechanisms by which plants
protect their cells from harmful effect of high cemtration of salts is dilution, then
increasing of water retention in the tissues ofplat further reduces transpiration. These
factors reduce the efficiency of water usage atichately result in reduction of vegetable
growth and yield.

The vegetation period is shortened, water regin@asfts is disrupted and the uptake and
distribution of essential elements in both semitaaled and field conditions is altered
(Maksimovicet al., 2008; Maksimoviet al., 2010).

The rate at which new leaves are produced depamgsly on the water potential of the
soil solution, in the same way as for a droughgéssted plant. Salts themselves do not build
up in the growing tissues at concentrations thaibih growth: meristematic tissues are fed

largely by the phloem from which salt is effectiveixcluded, and rapidly elongating cells
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can accommodate the salt that arrives in the xyhethin their expanding vacuoles. So,
the salt taken up by the plant does not directtyhih the growth of new leaves.

The accumulation of salts in the leaves cause fgremaging, reduces the supply of plant
parts with nutrients and products of carbon asaimoih of the fastest-growing plant parts
and thus impair the growth of the entire plant.tthe more sensitive genotypes salts
accumulate more rapidly and because cells arebietta isolate the salt ions in vacuoles
to the same extent as more tolerant genotypeslethes of more sensitive genotypes
usually die faster (Munns, 2002; Neumann 1997) ssggthat growth inhibition due to
excessive salt concentration in the leaves rediesolume of new leaf tissue in which
excess salts can accumulate and therefore, in oatdm with the continuous
accumulation of salts, it can lead to an increassalt concentration in the tissue.

Roots must exclude most of the Na+ and Cl- dissbinethe soil solution or the salt will
gradually build up with time in the shoot and beeaso high that it kills it. To prevent salt
building up with time in the shoot, roots shoulalexle 98% of the salt in the soil solution,
allowing only 2% to be transported in the xylemthe shoots. This value of 2% can be
calculated from the following equation:

The concentration at which NaCl accumulates in oot depends on the salt
concentration in the soil solution, the percentafesalt taken up by roots, and the

percentage of water retained in the leaves:

- _ % salttaken Up oo Eq.1
(NaCllshoor = NaCllsar X2y -er retained
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Plants retain only about 2% of the water they fparsi.e. they take up about 50 times
more water from the soil than they retain in tig#ioot tissues.

;G,_,,, 5) excrefion by salt Control of salt transport into and through the

el 4) loading of phloem plant takes place at five sites in the plant (Fig.

1). Control occurs in the root cortex, at the
o . : .
3 3) unloading of xylem  loading of the xylem, at the retrieval from the

xylem in upper parts of the roots. These three

processes serve to reduce the transport to the

w2
“‘"‘I

Figure (1) Control points at which salt

2) loading of xylem leaves. Control in the shoot occurs by the
1) uptake from soil exclusion of salt from the phloem sap flowing

to meristematic regions of the shoot. An
transport is regulatedThese are: 1.

selectivity of uptake from the soil additional mechanism occurs in most

solution, 2. loading of the xylem, 3.halophytes: specialised cells to excrete salt
removal of salt from the xylem in the

from leaves. However, halophytes also rely on
upper part of the plant, 4. loading of the

phloem and 5. excretion through salfhe first four mechanisms to reduce the flux of
glands or bladders. For a salt tolerargalt to the leaves — excretion is an additional
plant growing for some time in a soil
solution of 100 mM NaCl, the root

concentrations of Naand Cl are

backup for plants growing in very saline site,
and for perennial species.

typically about 50mM, the xylem Exclusion is particularly important for

concentration about 5 mM, and the . . .
perennial species whose leaves may live for a

concentration in the oldest leaf as high
as 500 mM(Munns et al., 2002) year or more. For these species there is greater
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need to regulate the incoming salt load than faruahspecies whose leaves may live for
only one month.

There are contributory features that function tantaén low rates of salt accumulation in
leaves. High shoot/root ratios and high intrinsiovgth rates (Pitman, 1984), and absence
of an apoplastic pathway in roots (Garetaal., 1997) all will serve to reduce the rate at
which salt enters the transpiration stream andraatates in the shoot.

Under the conditions of salt stress, the uptak&tobgen is often disrupted and numerous
studies have shown that excess salts can redueet¢henulation of nitrogen in plants
(Pardosset al.,1999, Silveiraet al., 2001, Wahickt al., 2004). Increase in uptake and
accumulation of CI- is accompanied by a reductionthe concentration of NO3- in
eggplant (Savvadt al., 2000). There are authors who have attributesirdduction to the
antagonism between Cl- and NO3- (Baal., 1997) and those who explain it by reduced
water uptake (Lea-Cort al., 1993). The rate of nitrate uptake or interactibesween
NO3- and CI- is associated with tolerance of exauaiplant species to salts. Kafkeffial.
(1992) found that tomato and melon varieties toled salts have a higher flow rate of
NO3- ions than more sensitive varieties.

Level of salinity does not affect necessarily tlverall uptake of nitrogen by plants which
may continue to accumulate nitrogen in the preseh@xcess salts despite a reduction in
yield of dry matter. With the increase in soil sdl, total removal of nitrogen through the
yield often decreases.

The final impact of salinity of soil solution onetltoncentration of phosphorus in plants

depends heavily on plant species, phase of ontsgerke type and level of salinity and
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concentration of phosphorus that is already prasahie soil (Grattamt al., 1999).

In most cases, excess of salts in soil solutiorddeto a reduction in phosphorus
concentration in the tissues of plants, but thalte®f some studies show that salinity may
increase but that does not affect the uptake aodnaglation of phosphorus (Sonnevetd
al., 1999, Kayeet al. 2001). Reduced uptake of phosphorus can alsodoasequence of
the strong influence of sorption processes thatrobthe concentration of phosphorus in
the soil and low solubility of Ca-P minerals (Mdrger, 1995).

Hopkinset al. (2007) reported that when using irrigation watéh salinity concentration
below 130 ppm may cause problems for soil and plaaty low EC water like desalinated
water dilutes and/or leaches calcium and makesaggtegates very weak and causing
water infiltration problems and to overcome thesebfems water is treated by adding
excess calcium into the water to reduce SAR andcrease water EC.

Diaz et al. (2013), studied the effects of the desalinatedwsstar and desalinated treated
wastewater on the non-saline clay and heavy samatal properties, the study main
results were that the non-saline soil EC, N, PaKd Ca increased in the soil profile,
while the soil pH decrease. While Ben @&él. (2009) has reported that the by the end
of agricultural season irrigation with desalinateater (TDS 250 ppm) has decreased the
soil Ec, then the blended water (TDS 800 ppm), lilghest Ec was recorded for the
brackish water (TDS 2000 ppm).

Several researchers have studied the effect ghiran with different salinity level on the

plant leaves macronutrient content. They concluthed the increase in water salinity
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significantly reduces the concentration of N, P.aid Ca in plant leaves (Haial., 1997;
Afshariet al., 2011; Malashat al., 2008).
Mixing saline with non-saline water less than 3rd$icreases the concentration of N, P,

K, and Ca in plant leaves in comparison with usirackish water (Malashet al., 2008).
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Chapter 3: Materialsand M ethods

3.1 Study L ocation

The research was conducted in Marj Na'aja villageated to the Northern part of the
Jordan Valley (32° 1066.74 N, 35° 1028.33 E) and about 40 km north to Jericho, and
lays 270 m below sea level. The climate of theaegs hot and dry in summer and warm
to moderately cool in winter, based on Dier A’allaather station (32° 180.0 N, 35° 37
00.0 E). Temperature ranges from 11.5 °C in thdesilmoths mainly January and reaches
up to 40.2°1C in July which is the hottest month in the aredayhmelative humidity ranges
from 43% in the dry months and reach about 53%énvtet moths, total rain fall is about
281 mm / year and the rainfall season start mami@ctober and extent to April and the

maximum rain fall in Jan. /Feb. with 50 mm /montiwiv.met.jometro.gov.jp

The cropping pattern in the study region is maidgetables and some date palm and field
crops, the total cultivated lands equal 111.3 mecta which 93% of it is cultivated by
vegetables. Despite that the agriculture is thexrmaonomic activity in the study region, it
faces many constrains like, low land quality, wagalinity, the low productivity of the
crops, low Fruit quality. These constrains affeegatively the marketing and economical
value of cultivated vegetable crops (mainly tomaol cucumber), and to overcome these
constrains, some wealthy farmers had shift fronwgrg vegetables to another crops that
are soil and water salinity resistance crops sscllate palm trees.

In the past there were 6 wells in Maraj Na’ajaagh that were used for irrigation (before
1975). All of these wells are now suffering fromirsigdy problems at different levels, and

these days only two out of six wells are usedtiogation. One of these two wells, number
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20-17/011, which has the highest salinity levelhwa#500 ppm, was equipped by water
desalination unit to produce 60*m of high quality water with 640 ppm salinity lév&he
desalinated water is currently used by farmersrigate their farm lands.

3.2 Greenhouse Experiment

To assess the impact of using irrigation waterifféent salinity levels on the soil fertility
and thus will affect the qualitative and quantitatiproductivity of tomato crop. The
experiment was conducted in field of the farmer videmefit from the desalination unit.
Tomato plant, which is commonly used by farmers] aflassified as moderately salt
tolerant (Maas 1986) with long growth and produttiperiod which would gave a more
clear picture about the effect of the differenigation water of different salinity levels on
the soil fertility, and could act as a model crop $aline land recovery and use of poor-
quality water.

The tomato crop was planted in the green housaidrOctober 2013; the soil type is clay
loam with Ec 7.4 dS/m which is classified as heasiine soil. Crop was irrigated with
four types of Desalinated water. These types wawne galine water with TDS 4500 ppm
(T4), desalinated water with TDS 200 ppm (T1), bissh water with TDS 750 ppm (T2),
and blended water with TDS 1600 ppm (T3).The randedplot design was used, four
irrigation water of different salinity treatmentsach irrigation water of different salinity
treatment has three replicates, each replicatastorgs7 m raw. Planting spacing was 0.8
m within rows and 0.8 m between rows (Figure 1d-Eekperiment Design and Layout).
The selected blending ratio were selected basefirsiron the MoA recommendation to

the farmers to irrigate with 750 ppm water concaitn as most of the crops can tolerate
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this salinity level and by this concentration tmeoant of water that is produced from the
desalination unit can be increased, secondly tH# I§pm is the salinity threshold for
tomato crop.

The tomato plants were irrigated every 2-3 daysndguhe growing season (7 months) and
the quantity of water needed was re-scheduled doupto plant growth stage and climatic
conditions, 32 mof irrigation water were used during the irrigatiseason(8 fper each
treatment ), detailed irrigation amounts presemg@nnex 2 ). The drip irrigation system
was used.

As in the greenhouse tomato commercial productigh wire system was used, tomato
plants was allowed to grow vertically up to a 3.8-th high horizontal wire. A common
practice of removal of full-grown leaves from beland from just above the harvest-ripe
truss was done. The main reasons for leaf remaegbr@vention of diseases; especially as
in the high wire system older leaves would touah ginound surface when not removed,
obtaining faster fruit ripening and easier hanastrusses are no longer hidden by leaves.
No fertilizer were used except for iron chaletsmmimize the Chlorosis effects, as the
farmers don't use the fertilizers because of thmisaof the soil and instead they use the

compost (organic fertilizer) as source of nutrieartsl also to act as soil amendment.
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3.3 Irrigation Water Analysis

For each irrigation water treatment of differentS,@Dhe chemical analysis was conducted
to study the chemical properties parameters as rshowhe Table 3.1. All the analyses
were done based on ICARDA Manual (Ryaral., 2013) where the Total Nitrogen was
analyzed using Kjeldahl method, the Phosphorus avadyzed using the colorimetric
method, Potassium was analyzed using the flameopteity method, the Calcium was
Analyzed using the versenate method, the EC wagzathusing the conductivity bridge

method, and the pH was analyzed using the electpiiimeter method.

Table 3.1: Quality of irrigation water of different saliniff 1), blended water (T2 and T3)

and raw saline water (T4)

Desalinated Blended water Blended water Raw saline
Chemical Unit water with TDS with TDS 750 with TDS water with TDS

Parameter 200 ppm (T1) ppm (T2) 1600ppm (T3) 4500 ppm (T4)
pH -- 7.2 7.2 7.4 7.5
EC dS\m 0.3 1.2 2.6 7.2
P ppm 1.0 2.7 3.3 4.2
K ppm 24.1 129.3 149.7 337.3
Ca ppm 4.4 47.2 65.7 125.1

Total N ppm 12.3 16.3 19.5 28.5
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3.4 Soil Analysis

To study the impact of the irrigation water of diént salinity treatments on soil in the
root zoon until the depth 40 cm, one soil composédmple was taken from each water
treatment before and afterconducting the field erpent, and N, P, K, Ca, EC, and pH
analysis has been done before and after condutttengield experiment All the Analysis
were done based on ICARDA Manual (Ryanal., 2013) were the Total Nitrogen was
analyzed using Kjeldahl method , the Phosphoruss wAnalyzed using the
spectophometry method, Potassium was Analyzed ubmdlame photometry method |,
the Calcium was Analyzed using the titration methibde EC was Analyzed using the
conductivity bridge method, and the pH was Analyzeihg the electronic pH meter
method.

3.5 Plant Morphology

To assess the impact of the treatments on the ategetand reproductive growth, so after
40 days of planting the plants were inspected Wigumtil the end of agricultural season
(210 days). The number of flowers and fruits, pla@ight, leaf color (chlorosis), leaf and
fruit malformation, fruit weight, fruit color, wermspected every 10 days, leaf area index
was measured 5 times After 80, 110, 140, 170 a®dd2@s of planting. The leaf area was
measured by using graph paper and the areas fee thlants per each replicate were
defined and divided on the total area of the grocmeered by the plant. Accordingly, LAI
was calculated (see eq. 1). The stems‘diameters weasured regularly every 10 days

using a caliber.

LAI = leaf area / ground area, in ) .......coooeeiiieee el Eq.2
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3.6 Plant Leaves Analysis
After 90, 140 and 190 days of planting, 20 leavesentaken randomly from each plant,
with ten leaves from the upper part of the plart e other ten leaves from the lower the
leaves the leaves had been analyzed for Total gditro Phosphorus, Potassium, and
Calcium. All the Analysis were done based on ICARBAnual (Ryaret al., 2013) were
the Total Nitrogen was analyzed using Sulfuridicyac Mixture , while the Phosphorus,
Potassium , and Calcium were analyzed using thasitiing method.

3.7 Fruit Quality

The fruits were analyzed for pH, TSS, and EC. Egjent 24 composite samples were
taken to test the fruit quality, by selecting twaits from 2 different plants within each 4
treatments for the 3replicates. All the Analysisravelone based on ICARDA Manual
(Ryanet al., 2013), AOAC method, were the TSS was Analyzedguthe refractomerter
method, the EC was Analyzed using the conductiwigter method, and the pH was
Analyzed using the electronic pH meter method.

3.8 Statistical Analysis

All obtained data were subjected to analysis ofavee (ANOVA) at p 0.05, and mean
separation was conducted using Duncan’s MultiplageaTest (DMRT) using (SPSS)

software. The SPSS data results were documentednex (1).
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Chapter 4: Results and Discussions
4.1 Introduction
The results of this research were documented baseduantitative and qualitative
measurements and standard, and the results werepetated in reference to: the actual
field measurements and analysis, scientific stahdand previous literature cited, the
plant growth period that expand over 180 days @@gsdafter planting) was divided into
three growth stages development, mid, and lateestaitp 60 days for each stage.
4.2 Irrigation Water Quality
Data presented in Table (3.1) illustrate the wajeality of the four different applied
treatments namely, desalinated water with TDS 20 T1), blended water with TDS
750 ppm (T2), blended water with TDS1600 ppm (EB)d raw saline water with TDS
4500 ppm (T4). As shown in Table (3), water pH tloe desalinated water of TDS 200
ppm and blended water with TDS 750 ppm were 7.2&wh, while for blended water with
TDS 1600 ppm and raw saline with TDS 4500 wereahd 7.5 respectively. Irrigation
water EC (dS/m) was dramatically decreased from(fa® saline water TDS 4500 ppm)
to 0.3 (Desalinated water with TDS 200 ppm). Irtiga water P, K, Ca, and total N were
significantly decreased, the highest values wasrw saline water with TDS 4500 ppm,
and the lower values was for desalinated water Wi 200 ppm.
4.3 Effect of Irrigation Water of Different Salinity Levelson Plant Growth
4.3.1 Plant height, stem diameter, and chlorosis
Data presented in Table (4.1) illustrate the eftdctvater salinity on the vegetative plant

growth at different growth stages i.e. plant heightem diameter, and chlorosis.
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Decreasing the level of water salinity from TDS @5fpm to TDS 1600 ppm and from
TDS 4500 ppm toTDS 750 significantly increasedglant height at different plant growth
stages, blended water with TDS 1600 ppm and TDS pf5@ gave the higher plant
heights. Raw saline water with TDS 4500 ppm gaeeltlvest plant height. On the other
hand stem diameter and chlorosis level non sigmfiy affected due to water salinity at
different plant growth stages, but the highest steéameter were observed at both water
level salinity TDS 750 and 1600 ppm, and the waede plant chlorosis level was
observed at TDS 200 ppm. The blended water of TB& ad 1600 ppm contain a
tremendous amount of different plant macro andesomcro nutrients (Table 3.1) this
may act as a positive factor to supply the plarthvitis nutrients requirements, the raw
saline water with TDS 4500 ppm have an adverse éimpathe plant parameters, i.e. plant
height, stem diameter and chlorosis, even of igh lsiontent of nutrients, due to the water
high salinity of the soil solution that increase tismotic pressure and the plant need more
energy to uptake the nutrients, the same advdiset &vas diagnosed for the desalinated
water with TDS 200 ppm, this is due to its low @nritof nutrient and irrigating with this
water may leaching part of the soil nutrient outhef root zoon.

The highest water salinity level (Raw saline watath TDS 4500 ppm) reduced plant
height relative to those of non-saline water arhtdéd water, (Romero-Aramtlal., 2002;
Kahlaoui et al., 2011; and Malkiet al., 2007), which confirm research findings. They

found that plant height, stem diameter, and chlerdscreases as water salinity increase.
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Table 4.1: Effect of Irrigation Water of Different Salinityevels on Tomato Plant Growth

at Different Plant Growth Stages

Treatments pevelopmen Mid

Plant Height (m) Stem Diameter (mm)

Chlorosis (1-5)**

Late Development Mid

Stage stage Stage stage

Late Development Mid Late
Stage stage

Desalinated
water with
TDS 200

ppm (T1)

Blended
water with
TDS 750

ppm (T2)

Blended
water with
TDS 1600

ppm (T3)

Raw saline
water with
TDS 4500

ppm (T4)

2.08 1.00
b a
158 1.00
a a
158 1.00
a a
1.50 1.00
a a

*Values followed by the same alphabetical letteed@ch column do not differ significantly from eaather using LSD
** Chlorosis: 1 = green, 5 = complete yellow.

** Letters represent statistical groups (a= the higtalue, C= is the lowest)<€p.05 )

" There is no significant difference

4.3.2 Fruit color, Leaves and fruits malformation

The results presented in Table (4.2) illustratedtiect of water salinity on the vegetative

plant growth at different growth stages, i.e. Bublor, leave and, fruits malformation. As

shown in Table (4.2) leaves malformation and fruitslformation were not affected by

increasing the level of water salinity over thefatiént plant growth stages. None of the
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leaves malformation neither the fruits malformasiowere diagnosed. Fruits color at
development stage for all treatments still have l&@st marketable color compared with
other two plant growth stages, this is due to thatplant is still in growth stage and the
plant need more time for ripening. Favorite markktacolor red in mid stage was
significantly reached using the blended water W00 ppm, then blended water with 750
ppm, while using desalinated water with 200 ppm e saline water with 4500 ppm
gave low marketable fruits color. Favorite markétalgolor red in late stage was
significantly reached using the blended water wi00 ppm; the same results were
documented for the other three treatments. In génatr last plant growth stage using the
four different irrigation water of different saltgi treatments the fruit color reached
favorite marketable fruits. Chlorosis, fruits am@Vves malformation, and fruit color, were
measured as per the scale of measuring mentionééinimex 5). Kahlaouet al. (2011)
found that, saline water significantly affect onami morphology. These results are
differing from the results found in this researchenre no significant differences were
reported. This could be because we planted on lawsre the concentration of the
macronutrients were medium (see annex 3), andespltnts didn’t suffer from extreme

shortage of the nutrients through the whole gropetiod.
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Table 4.2: Effect of Irrigation Water of Different Salinitlyevels on Tomato Plant Growth
at Different Plant Growth Stages

Leaves Malformation(1-5) Fruits Malformation (1-5)" Fruits Color (1-4Y"

Treatments Developmen Mid Late Developmen Mid Late Developmen Mid Late
Stage Stage stage Stage Stage stage Stage Stage stage

Desalinated

water with 1.00 200 133 0.83 083 161 1.00 2.30 3.86
TDS 200 a’ a a a a a a c b
ppm (T1)

Blended

water with 1.00 200 1.17 094 094 164 1.00 2.67 3.89
TDS 750 a a a a a a a b b
ppm (T2)

Blended

water with 1.06 200 1.08 1.00 1.00 194 150 3.50 4.00
TDS 1600 a a a a a a a a a
ppm (T3)

Raw saline

water with 1.11 200 100 1.11 1.11 2.06 1.00 247 3.86
TDS 4500 a a a a a a a cb b

ppm (T4)

* Values followed by the same alphabetical letteeach column do not differ significantly from eaxther using LSD
*** | eaves malformation: 1= No malformation, 5= Bbmalformation

*+** Fruits malformation: 1= No malformation, 5= Tal malformation

*x+x% Eryit Color: 1= lest marketable color greed,= favorite marketable color red

** Letters represent statistical groups (a= the higialue, C= is the lowest)<p.05 )

** There is no significant difference
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4.3.3 Number of flowers per plant

Data presented in Table (4.3) illustrate the eftdovater salinity on the vegetative plant
growth at different growth stages i.e. number oivirs per plant.

Results show in Table (4.3) no significant differes in the number of flowers per plant at
development stage for four irrigation water of eifint salinity treatments. All results
show similar number which is 12 flowers per plaAt mid stage, no significant
differences in the number of flowers/plant for raaline water with TDS 4500 ppm,
blended water with TDS 1600 ppm, and blended waiér TDS 750 ppm. While there is
significant difference in the number of flowers g@ant between raw saline water with
TDS 4500 ppm and desalinated with TDS 200 ppmhtbeest value of about ten flowers
per plan was reached using raw saline water wits #B00, and the lowest value of about
six flowers per plant was reached using desalinatar with TDS 200 ppm. Late stage
shows that there is a significant difference ininenber of flowers per plant, around 12.5
flowers per plant, between raw saline water withSTB500 ppm and the other three
treatments of average around eight flowers pertpl@milarly, Boamahet al. (2011)
found that the number of tomato flowers per plamtreased as water salinity levels
increased.

4.3.4 Number of fruits per plant

Based on the results shown in Table (4.3), thereew® significant differences in the
number of fruits per plant at development stageafbirrigation water treatments, except
desalinated water with TDS 200 ppm and blendedmwath TDS 750 ppm. At mid stage,

there were no significant differences in the numbgrruits per plant for four water
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treatments. Late stage shows that there wererdfisamt difference in the number of
fruits per plant between raw saline water with TBS00 ppm and the other three
treatments. Kahlaoui et al. (2011) found that watmity significantly affect number of
fruits per plant were as water salinity increasenber of fruits per plant, this result is
compatible with the research result at the latatgy@owth stage.

4.3.5 Fruit weight

The results presented in Table (4.3) show that torfrait weight of the four treatments
were significantly different as compared with eathers. the trend show that the fruit
weight is the highest using blended water with TI38 ppm (130 gm), then using blended
water with TDS 1600 ppm (120 gm), then using desédid with TDS 200 ppm (90 gm),
and the lowest fruit weight (80 gm) using raw sahmater with TDS 4500 ppm, this result
was similar to the result found by Ben-Gatlal. (2009) and Patikt al. (2011). Both
researchers stated that, saline water significalgbyease the fresh tomato fruit weight.
4.3.6Leaf area index (LAI)

Leaf area index significantly differs between therigation water treatments, and for all
plant growth stage as shown in Table (4.3), thedirghow that the leaf area index is the
highest using blended water with TDS 1600 ppm (2:8%n?) followed by blended water
with TDS 750 ppm (2.3 fAm?), then using desalinated water with TDS 200 ppm
(1.6nf/m?), and the lowest leaf area index (1%Amf) using raw saline water with TDS
4500 ppm, the LAI indicate that it has an effd& bn the tomato yield productivity as the

LAI increased the plant productivity increase, thesult is compatible with the result
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found by Heuvelinket al. (2005) and Heuvelink (1999), they stated as tA¢ have a
direct effect on the yield production, were asltA¢ increased the yield increased.

4.3.7 Average production per plant

There is no significant difference in average puotiun per plant (kg) between using
irrigation water with salinity of TDS 750 ppm an@dD ppm as shown in Table (4.3), but
there is a significant difference between these dfmrementioned treatments and the
desalinated water with TDS 200 ppm and raw saliateiwith TDS 4500 ppm.

The trend show that the highest production pertplaing blended water with TDS 750
ppm (20 kg) followed by blended water with TDS 1688m (18.8 kg), then using raw
saline water with TDS 4500 ppm (13 kg), and thedstwalue using desalinated water
with TDS 200 ppm (12 kg). The research results abiwiproduction are aligned with the
production quantities documented by MOA (PCBS 2R070), according to their reports,
the average productivity for the tomato seedlingarn same conditions in terms of the
availability irrigation water and nutrients is 2B-kg per seedlings.

All plant parameters illustrated in Tables (4.8)2(), and (4.3) show that as water salinity
increase up to 1600 ppm (2.5 dS/m) the plant parmnsepositively affected, this means
that the salinity of irrigation water up 1600 ppoutd not reduce tomato yield

significantly. However, irrigating tomato with gz water at TDS 4500 ppm reduced its
yield significantly. It worth mentioning that, recing irrigation water salinity from TDS
4500 ppm to TDS 1600 ppm increase tomato produttyof0%, and reducing irrigation
water salinity from TDS 4500 ppm to TDS 750 ppnréase tomato production by 52%.

The research results were matched with the refultsd by Malkiet al. (2007) and Al-



Omranet al. (2010), they found that, blended water at 1 dSpeter gave the highest
plant productivity. Contradictly Ghermanetial. (2009) found that irrigation with

desalinated water increases the crop yield.
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Table 4.3: Effect of Irrigation Water of Different Salinityevels on Tomato Plant Growth at Different Plano®th Stages

34

Number of flowers per plant Number of fruits per plant Fruit Weight (gm) Leaf Area Index Average
. . . . Production
Treatments Development Mid Late Development Mid Late Development Mid Late Development Mid Late er plant
Stage Stage stage Stage Stage stage Stage Stage stage Stage Stage stage P (kg)
Desalinated
water with 200 11.56 6.13 7.92 7.50 12.30 6.11 98.22 90.87 90.17 1.68 521 155 12.16
ppm (T1) a” b B b a C C C b C b C b
Blended water 13.47 7.93 850 10.14 12.87 7.06 137.06 131.97 120.14 2.33 223 234 20.03
with 750 ppm A ak B a a bc a a a b a b a
(T2)
Blended water 12.08 8.27 8.44 9.44 13.40 7.56 123.56 120.47 ®B12.0 2.62 244 2.59 18.76
with 1600 A ak B ak a b b b a a a a a
ppm (T3)
Raw saline 11.72 9.83 12.58 8.11 14.03 8.89 75.39 80.80 86.92 1.37 119 1.36 13.16
water with A a A ak a a d d b d c c b
TDS 4500
ppm (T4)

*Values followed by the same alphabetical lettee@ch column do not differ significantly from easther using LSD
¥ Letters represent statistical groups (a= the ligh@lue, d= is the lowest)<p.05 )

++

There is no significant difference
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4.4 Effect of Irrigation Water of Different Salinity Levelson Fruit Quality

Significant variations in tomato fruit quality panaters were obtained when greenhouse-
grown tomatos were irrigated with different desaled water treatments (Table 4.4). Total
soluble solids (TSS) were lowest at TDS 200 ppm laigest when plants were irrigated
using 750, 1600, and 4500 ppm. The highest TSSevafuabout 6.4 and 6.2% were
documented using Desalinated blended water of T&B® pm and raw saline water of
TDS 4500 ppm respectively.

The fruit pH value (4.3) was highest under blendeder with TDS 750 and 1600 ppm
compared to the other treatments.Fruit EC were stirthee lowest at TDS 750, 1600, and
4500 ppm, (Al-Yahyaket al. (2010); Tantawy et al. (2009); and kahlaoui et(2011)),
which confirms research findings. They reported finait TSS and EC were positively
affected as the irrigation water salinity increasesile fruit pH was negatively affected.

Table 4.4: Effect of Irrigation Water of Different Salinityevels on Tomato Fruit Quality at
Different Plant Growth Stages

Fruit TSS % Fruit pH Fruit ECdS/nr
Treatments Developmen Mid Late Developmen Mid Late Developmen Mid Late
Stage Stage Stage Stage Stage Stage Stage Stage Stage
Desalinate
water with 4.9 52 4.8 4.2 42 41 6.2 51 4.8
TDS 200 a’ C d b a c a d a
ppm (T1)
Blinding
water with 4.2 6.1 5.4 4.1 4.2 4.3 5.5 7.1 4.5
TDS 750 b A c c a a c b b
ppm (T2)
Blendec
water with 4.0 5.4 6.4 4.3 4.1 4.2 5.8 5.3 4.9
TDS 1600 c B a a b b b c a
ppm (T3)
Raw saline
water with 4.2 6.2 6.0 4.0 4.0 4.1 55 7.7 4.5
TDS 4500 b A b d b o o a b
ppm (T4)

*Values followed by the same alphabetical lettee@ch column do not differ significantly from easther using LSD
++ Letters represent statistical groups (a= thadsgvalue, d= is the lowest)<p05 )
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4.5 Effect of Irrigation Water of Different Salinity Levels on Heavy Saline Soil and
Plant M acronutrients (N, P, K, and Ca) Content

4.5.1 Effect of irrigation water of different salinity lgels on heavy saline soil fertility

To study the effect of different irrigation watef different salinity treatments on soil
fertility the soil macronutrient contents, (total R, K, Ca, )and also the effect on the soil
EC, and pH these parameters were analyzed at thefgplanting season and for each
irrigation water of different salinity level.

The results presented in Table (4.5) show thatstilemacronutrients (total N, P, K, Ca,
soil EC, and pH) values were 24.5 ppm, 31.25 ppid, gpm, 485 ppm, 7.4, and 8.3
respectively. Before planting, total N soil conteras high, P soil content was high, K soil
content was low, Ca soil content was low, soil E&svhigh, and pH was moderately
alkaline. The results were classification basedaihtest interpretation guide by Maek

al. (1996) (Annex 3).
4.5.1.1 Effect on total Nitrogen
The results presented in Table (4.5) show thaktstal N value was decreased from 24.5
ppm (high) to medium for the four irrigation watef different salinity treatments, the
lowest total soil N content value of 10 ppm wasdesalinated water with TDS 200 ppm
and the highest total soil N content value of 18 dpr the raw saline water with TDS
4500 ppm. In general, at the top soil (40 cm defitb)total N soil content increases as a
result of increasing irrigation water salinity, aihds is related to the increase concentration

of the N as the water salinity increase as it iaseefrom 12.3 ppm in the desalinated water
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and reach up to 28.5 ppm to the raw saline watabl€l'3.1), and also the fact that the
irrigation with desalinated cause more nutrienthaag to lower solil layers.

4.5.1.2 Effect on Phosphorus

Soil P was decreased from 31.25 ppm (high) to 28 felatively high) for blended water
with TDS 750 ppm, and from 31.25 ppm to 24 ppmatireély high) for blended water
with TDS 1600 ppm, and from 31.25 ppm to 27 pprtafreely high) for raw saline water
with TDS 4500 ppm. Furthermore soil P was decredsmah 31.25 ppm to 17 ppm
(medium) for desalinated water with TDS 200 ppm.general, at the top soil (40 cm
depth) the P soil content increases as a resuticoéasing irrigation water salinity as it
increase from 1.0 ppm for the desalinated watef.@ ppm for the raw saline water (Table
3.1), the desalinated water cause more nutriachiag to lower soil layers the salinity.
4.5.1.3 Effect on Potassium

Soil K value was decreased from 111 ppm (low) tefih, 22 ppm, 24 ppm, and 27 ppm
for desalinated water with TDS 200 ppm, blendedewaith TDS 750 ppm, blended water
with TDS 1600 ppm and raw saline water with TDS@pPm respectively. In general, at
the top soil (40 cm depth) the K soil content wal ®w and increases as a result of
increasing irrigation water salinity, and this isedo the increase of K concentration in the
water with increasing the salinity as it increasenf 24.1 ppm for the desalinated water to
337.3 ppm for the raw saline water (Table 3.1), alsd the fact that the desalinated cause

more nutrient leaching to lower soil layers.
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4.5.1.4 Effect on calcium

Soil Ca value was decreased from 485 ppm (low)st@@m, 78 ppm, 89.5 ppm, and 95.5
ppm for the desalinated water with TDS 200 pprentéd water with TDS 750 ppm,
blended water with TDS 1600 ppm and raw saline matdh TDS 4500 ppm respectively.
In general, at the top soil (40 cm depth) the K sontent was still low and increases as a
result of increasing irrigation water salinityandist is due to the increase of Ca
concentration in the water with increasing therslias it increase from 4.4 ppm for the
desalinated water to 125.1 ppm for the raw saliaten(Table 3.1), and also the fact that
the desalinated water cause more nutrient leactonfpwer soil layers. Under these
conditions, the water acted as a source of nugrithdt the plants need, and also enriched
the soil with nutrients after irrigation.

4.5.1.5 Effect on EC

Soil EC value was decreased from 7.4 dS/m (high).83 dS/m, 3.11 dS/m, 4.13 dS/m,
and 4.47 dS/m for desalinated water with TDS 206h,pplended water with TDS 750
ppm, blended water with TDS 1600 ppm and raw saluager with TDS 4500 ppm
respectively. In general, at the top soil (40 cnpthe the soil EC was still high but
decreases dramatically after planting season, antkases as a result of increasing
irrigation water salinity. The soil EC was signditly influenced by the quality of water.
Obviously, use of saline water resulted in a sigaiitly higher soil EC as compared to
pure or non-saline water. That increase was oblyiadise to a buildup of salt salinity in

the root zone due to continuous supply of salineewa
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Soil salinity refers to the presence of excesssaltsoil water, which often results from
irrigated agriculture. After the plants take up thater, the dissolved salts from irrigated
water start to accumulate in the soil. Excessssgéinerally affect plant growth by
increasing osmotic tension in the soil, making grendifficult for the plants to take up
water. Excessive uptake of salts from the soil layfs also may have a direct toxic effect
on the plants.

4.5.1.6 Effect on pH

As shown in Table 4.5 the Soil pH value was de@@drsom 8.3 (moderately alkaline) to
8.15, 8.07, 8.05, and 8.01 for desalinated watén WDS 200 ppm, blended water with
TDS 750 ppm, blended water with TDS 1600 ppm, avd saline water with TDS 4500
ppm respectively. In general, at the top soil (40 depth) the soil pH was still high
(moderately alkaline) but decreases after plarggmson, and slightly decreases as a result
of increasing irrigation water salinity. This mag Hue to the release of kbns from the
exchanger complex by the influence of other solabk#ons that are presented and applied
by saline waters (Mahrowtal., 1983).

Soil pH is a measure of the soil's acidity or atka}, and it affects the plant indirectly by
influencing the availability of nutrients and thetigity of microorganisms. Nutrients are
most available at pH levels between 6.5 and 7.5riéhds in the soil may be chemically
tied up or bound to soil particles and unavailabl@lants if the pH is outside this range.
Individual plants have pH preferences and grow ibgdanted in soils that satisfy their pH

requirements.
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Table 4.5: Soil Macronutrients, EC and pH Before Irrigatiotafik) and at the End of the
Tomato Planting Season

Parameter”
Treatment
N P K Ca EC pH
Beforeirrigation (blank): 245 3125 111 485 74 83

At the end of the planting season:
Desalinated water with TDS 2C 10 17 65 108 1.87 8.15

Raw saline water with TDS 45C 18 27 955 395 4.47 8.01
ppm (T4)

*: all parametersarein ppm, except EC (dS/m), and pH (-)

Diaz et al. (2013) investigated the effect of irrigating hgamon saline soil with

desalinated sea water. Their results contradidt tie results found in this research that
they found that the soil fertility (N, P, K) incre&a when irrigated with desalinated water,
also the soil EC, while we found that the fertildgcrease. This might related to the fact
that the concentration of the macronutrients (NKPand Ca) in the desalinated sea water

is much higher than that of the brackish water.
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4.5.2 Effect of Irrigation Water of Different Salinity Lerels on Plant Leaves
Macronutrients Contents

Tomato plant leaves nutrients content at differplant growth stages for the four

irrigation water of different salinity treatmenteme summarized in Figures 2, 3, 4, and 5.

4.5.2.1Effect on Total Nitrogen

B Leaves Total N (ppm) Development Stage = Leaves Total N (ppm)Mid Stage

ELeaves Total N (ppm)Late Stage
2000
8000
7000
6000
5000
4000

3000

2000

1000 l l
0 . T |

Desalinated water  Blended water TDS Blended water TDS ~ Raw saline water
TDS 200 ppm (T1) 750 ppm (T2) 1600 ppm (T3) TDS 4500 ppm (T4)

Leaves Total N (ppm)

Figure 3A: Total N in tomato plant leaves at different

The results presented in Figure 3A, show that Ncentration in plant leaves decreased
significantly when the salinity of water decreasgddevelopment and mid plant growth
stage. While at the late plant growth stage, tlghdst N concentration in the plant leaves
was found when the plants were irrigated by blendater treatment with 750 ppm (T2).

While at T3 1600 ppm and T4 4500 ppm the Total ¢ ¥ lowest concentration values

(annex4), this is mainly related to the fact thattlae water salinity increased the plant
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became under more pressure lead to increase sothatic pressure of the soil solution and
plant became under stress that reduce the planabady from absorbing more N.

Many greenhouse studies show that under salt stoesditions the N up take by plant is
highly affected, and the salinity stress cause Mwccumulation in plant parts (Alagt

al., 1989). While recent studies show that the N eatration differs with the plant organs
and the growth stage and it mainly concentratddames (TRYAKIOGLU et al., 2014).
The results within the same treatments T2, T3 ahdhowed that the actual trend for the N
uptake by the plant, were the N concentration & l#aves increased in the development
and mid stages as the plant need more N for itwthrand these needs became less at the
late growth stage and so the N concentration irghees decrease, but at T1 the N up take
trend differs as the N uptake decrease in the mitlLaate stage and this is related to the N
leaching from the soil as N is easily leachableffitbe soil profile.

To support the results found, a linear regressiomlysis between the Total N

concentration in the tomato plant leaves and thtewgalinity levels were conducted.

=Devdopment GrowthStage Regresaion Line
- y=4E-07%"-0.002x" 4841% 1 2462
- ‘ R= 101999
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z 2404 -
e -
0 T T T T T T T T
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Water Salinity Level (ppan)

Figure 3B1: Line regression between N content in tomato dksates
and different water salinitv level
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Figure 3B2: Line regression between N content in tomato dksantes
and different water salinity levels
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Figure 3B3: Line regression between N content in tomato gdkates and
different water salinity levels

As shown in figures 3B1, 3B2, and 3B3, theefficient of determinatiofR? show

clearly that there is a strong relation between wweder salinity and the Total N
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concentration in the plant leaves in the three ¢ghostages namely; development, mid,
and late growth stage. The coefficient of detertmoma equal 0.999 for the three
aforementioned growth stages.

4.5.2.2 Effect on Phosphorus

m L eaves P (ppm) Development Stage Leaves P (ppm)Mid Stage
mLeaves P (ppm)Late Stage

1400 (ppm) 2

1200

1000

800
600
400
200 j
0 . . .

Desalinated water  Blended water TDS  Blended water TDS Raw saline water TDS
TDS 200 ppm (T1) 750 ppm (T2) 1600 ppm (T3) 4500 ppm (T4)

Leaves P (ppm)

Figure4A: P in tomato plant leaves at different plant grostéges

As shown in Figure 4A, at T1, T2, T3 ,and T4 thentt of P concentration in the tomato
plant leaves at development and mid plant growdlgesshows that the P concentration in
the plant leaves was decreased significantly (adhehen the salinity of water decreased.
While at the late plant growth stage the P conediotr in the plant leaves was increased
significantly when the salinity of water decreasBdhas an important and significant role
in the energy metabolism of cells, and involvedaimumber of anabolic and catabolic

pathways, some greenhouse studies show that gaimaiy increase the P requirement of
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certain plants. Awadt al. (1990) found that when salinity increased, theoRtent in the
tomato leaf increased.

Within the same treatments it was recorded thdteditments show the actual trend for the
P uptake in the plant as it increased with thetpigowth as the plant need more P for its
growth, but we should keep in mind that the P uptakvariable and depends on the plant
and experimental conditions, were some studied had&ates that the influence of
salinity on P accumulation in crop plants is vaealand depends on the plant and
experimental conditions, sometimes the increasewater salinity decreased the P
concentration in plant tissues, due to the competdccur between P and some other ions
like CI which might affect the P uptake in tomatwsts. Also the reduction in plant P
concentration increase in water salinity may resath the reduced activity of P in the soll
solution due to the high ionic strength of the soiution (Sharplegt al., 1992).

To support the results found, a linear regressitalyais between the P concentration in

the tomato plant leaves and the water salinitylfewere conducted.

Regression Line
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Figure4B1: Line regression between P content in tomato péavtes and
different water salinity levels
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= Mid Growth Stage — Regression Line
¥ =-1E-08x% + 4E-05x2 + 0.223x + 448.7
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Water Salinity Level (ppm)
Figure4B2: Line regression between P content in tomato pésaves and
different water salinity levels
Late Growth Stage Regression Line
y =-8E-08x% 4+ 0.000x% - 1.079x + 1484,
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Figure4B3: Line regression between P content in tomato péavtes and
different water saliny levels



47

As shown in figures 4B1, 4B2, and 4B3, theefficient of determinatio@R? show clearly
that there is a strong relation between the watianisy and the P concentration in the plant
leaves in the three growth stages namely; devedopnmid, and late growth stage. The
coefficient of determination equal 0.99 for the ethraforementioned growth stages.
Scientifically, P accumulation in plant leaves lsoaaffected by the competitive forces that
occur between P and some other ions like Cl whiehhtmalso affect the P uptake in
tomato shoots.

4.5.2.3 Effect on Potassium

3500 mT.eaves K (ppm)Development Stage Leaves I (ppm) Mid Stage
mT.eaves K (ppm)Late Stage
3000
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& 2000
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3 1500
% 5
=
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[} T T T

Dezalinated water  Blended water TDS Blended water TDS Raw galine water
TDS 200 ppm (T1) 750 ppm (T2) 1600 ppm (T3) TDS 4500 ppm (T4)

Figure5A: K in tomato plant leaves at different plant growtages

Figure 5A show that, at all the water treatmenésttend of K concentration in the tomato
plant leaves at development and late plant groteteswas that the K concentration in the
plant leaves was increased significantly when #imisy of water decreased. While at the

mid plant growth stage the K concentration in thenpleaves was increased significantly
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(annex 4) when the salinity of water increaseds Kansidered as an essential cytoplasmic
element, because of its involvement in osmotic legn in the plant organs as shoots,
roots and leaves, K is frequently considered ingodrtinder irrigation with saline water. K
has a role in the osmotic adjustment under sabmelitions, K also plays an important role
in turgor-mediated responses such as stomataleafigniovement. The greenhouse studies
have shown that the K uptake be plant decrease aser vgalinity increase due to
competitive process between kind the N&that increase as the water salinity increase
(Boursieret al., 1990).

Within the same treatments we find that T3 and A@wsthe actual trend for the K uptake
in the plant as it increased with the plant groashthe plant need more K for its growth
and these needs became less at the late growth atalgso the plant needs of K decrease
and the K concentration in the leaves decreaseatblifand T2 the K up take increased
with the growth stages, and this could be becafisbeocompetitive process between K
and the Na that increase as the water salinityasz.

To support the results found, a linear regressimalyais between the K concentration in

the tomato plant leaves and the water salinitylfswere conducted.
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= Development Growth Stage —Regression Line
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Figure5B1: Line regression between K content in tomato plessnes and
different water salinity levels
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Figure5B2: Line regression between K content in tomato pleavés and
different water salinity levels
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Late Growth Stage Regression Line
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Figure5B3: Line regression between K content in tomato pleaves and

different water salinity levels
As shown in figures 5B1, 5B2, and 5B3, theefficient of determinatio@R? show clearly
that there is a strong relation between the waéniyy and the K concentration in the
plant leaves in the three growth stages nameblgldpment, mid, and late growth stage.
The coefficient of determination equal 0.99 for theee aforementioned growth stages.
Scientifically, the K uptake by plant is directiglated to the plant needs for K, where the
K is considered as an essential cytoplasm eleraedtjnvolves in the osmotic regulation
in the plant organs such as shoots, roots andde&wethermore, K plays an important role

in turgor-mediated responses such as stomataleandiovement.
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4.5.2.4 Effect on Calcium

mLeaves Ca (ppm)Development Stage Leaves Ca (ppm) Mid Stage
10000

9000
8000

7000
6000
5000
4000
3000
2000
1000
0 . . .

Desalinated water  Blended water TDS Blended water TDS  Raw zaline water
TDS 200 ppm (T1) 750 ppm (T2) 1600 ppm (T3) TDS 4500 ppm (T4)

® Leaves Ca (ppm)Late Stage

Leaves Ca (ppm)

Figure 6A: Ca in tomato plant leaves at different plant grosttiges

As shown in Figure 6A, the trend of Ca concentratio the tomato plant leaves at
development and late plant growth stage, the higiggificant Ca concentration (annex 4)
in the plant leaves was found when the plant iteddy blended water with TDS 750 ppm
(T2), while at mid plant growth the Ca concentration e plant leaves was decreased
significantly in all water treatment without anynsideration of the water salinity.

As water salinity increases, the requirement ofhsldor Ca increases as it plays a vital
nutritional and physiological role in plant metabol. Ca, which like K is also an essential
mineral nutrient, helps in maintaining the cell nieeme integrity. The uptake of Ca from
the soil solution is affected by many elements @s interactions, precipitation, and
increases in ionic strength that reduce the agtofitCa and all these factors could increase

or decrease the Ca uptake under saline conditiaimfeet al., 1971).
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To support the results found, a linear regressialyais between the K concentration in

the tomato plant leaves and the water salinitylfswere conducted.

Development Growth Stage — Regression Line
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Figure 6B1: Line regression between Ca content in tomato pésvies and
different water salinity levels
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Figure 6B2: Line regression between Ca content in tomato sves and
different water salinity levels
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— Late Growth Stage Regression Line
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Figure 6B3: Line regression between Ca content in tomato deves and
different water salinity level
As shown in figures 6B1, 6B2, and 6B3, theefficient of determinatio@R? show clearly
that there is a strong relation between the wadniy and the Ca concentration in the
plant leaves in the three growth stages nameblgldpment, mid, and late growth stage.
The coefficient of determination is more than 0féB the three aforementioned growth
stages.
Scientifically, the uptake of Ca from the soilgadn is affected by many elements as ion
interactions, precipitation, and increases in i@iength that reduce the activity of Ca and
all these factors could increase or decrease thgp@Gdke under saline conditions.
In General, the nutrient concentration in the atign water has an effect on the
availability of nutrients in soil solution which livhas its effect on plant growth and yield
quantity and quality, this is mostly true for thesdlinated water with TDS 200 ppm (T1),

but for the saline raw water 4500 ppm (T4) it i$ the limiting factor as the nutrient were
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available with high concentration but due to thmatc stress in the soil solution were the
water and nutrient uptake through the root systercaime difficult and leads to reduction
in the yield, also we shouldn’t neglect the facattlrrigation with water of different
salinity might had effect the soil physical propestwhich has an influence on the
availability of the nutrients in the soil solutiamd the ability of the plant nutrient uptake
(Francisccet al., 2013).

Furthermore Hwet al. (1997) founded that K, Ca, and P concentraticcredesed in plant
leaves as irrigation water salinity increased,thattotal N concentration was not affected
by the water salinity. Also (Afishagt al., 2011, and Malashet al., 2008) stated the same
results for K, P, N, and Ca.

4.6 Effect of heavy saline soil nutrient content on plant productivity and fruit quality

The soil considered as a neutral factor as soilent content (N, P, K, Ca) were the same
for all water treatments at the beginning of théization season, but as shown in Table
(4.6) the soil nutrient content values were dexedaat the end of the agricultural season,
the reduction in the soil fertility would be thelpimdicator to show the Effect of irrigation
water of different salinity levels on the soil nieht content and the effect of the changes
in the soil fertility on the tomato plant produdtivand the fruit quality.

As shown in Table (4.6) when the soil was irrigatéth desalinated water with TDS 200
ppm the soil macronutrients content, the plant petidn, and the fruit quality were the
least (except for the fruit pH were the pH increasehe water salinity decrease), this may
due to the low nutrient content in the irrigatiomter and the nutrient leaching from the

soil profile which led to low nutrient content inet soil solution.
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It is clearly shown that, the highest results fothbthe plant production and fruit quality
were at irrigation with blended water of TDS 750Grppnd TDS 1600 ppm, this result can
be explained as the irrigation water and the saitmonutrients content act as a source of
nutrition and gave the plant a plenty source oéesal macronutrients elements compared
with the other two treatments namely irrigationhmitesalinated water of TDS 200 ppm
and 4500 ppm.

The production of tomato plant under irrigation IwiEDS 4500 ppm was the minimum
compared with the other two treatments TDS 750 ppch1600 ppm, but the fruit quality
indicators TSS and EC were the highest, this caexp&ined in a way that the plant under
this treatment (TDS 4500 ppm) was exposed to highess due to irrigation with raw
saline water, thus gave a high preferable fruit 888 EC.

The fruit quality in terms of TSS and average frpibduction had showed different
responses as the TSS showed negative responstheviticrease in the water desalination,
except for the blended water with TDS 1600 ppm Wigave lower results than blended
water with TDS 750 ppm, the average fruit produtti@sponse positively with the
increase in the water desalination except for tive pesalinated water with TDS 200 ppm,

these result aligned with the results found by &amtet al. (2009).



Table 4.6: Effect of Heavy Saline Soil Nutrient Content onrRIBroductivity and Fruit Quality
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Soil Parameter”

Fruit Parameters

Treatment Average
N P K Ca EC pH Production pH TSS EC
/plant
Beforeirrigation (blank): 245 31.25 111 485 74 83
At the end of the planting season:
Desalinated water with TDS 200 10 17 65 108 1.87 8.15 1216 b 424 52¢ 514
_____________________________ ppm(Th)

Blended Wate(rTvgl)th TDS 750 ppm 13 22 78 264 3.11 8.07 20.03 a 42 a 61a 7.1b
Blended water(_\l/_v3|t)h TDS 1600 ppn 15 24 89.5 393 4.13 8.05 18.76 a 41b 54b 53c
Raw sallnep\évr?lte(rTVA\r/l)th TDS 4500 18 27 95,5 395 4.47 8.01 13.16 b 40b 624 77a

*: all parametersarein ppm, except EC (dS/m), TSS (%) and pH (-)
**: Lettersrepresent statistical groups (a= the highest value, d= isthe lowest) (p<0.05 ).
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Chapter Five: Conclusions and Recommendations
In this research the results show that irrigatiegvy saline soil with desalinated water has
detrimental effects on the soil fertility, tomattapt productivity and fruit quality as it
decrease dramatically as water salinity decreakerefore, negative aspects had been
alleviated by irrigating with blended water thatshaositive effects on soil fertility and

tomato plant productivity and fruit quality.

5.1 Conclusions
* The heavy saline soil macronutrient content (NK,Fand Ca) decrease with decreasing

the water salinity, the decrease ranges from 45-@R#lothe highest decrease was for
the Ca.

* Desalinated water, and raw saline water, gave tveedt level of tomato crop
production with only 12 kg, and 13 kg respectiveifen it is grown in heavy saline
soils this effect can be alleviated by irrigatioithablended water.

* Irrigating heavy saline soil with raw saline waéed blended water with TDS 750 ppm
gave the best fruit quality results, while desakdavater gave the lowest fruit quality

5.2 Recommendations
Based on the results of this research several gsstilé need to be further investigated.

Specifically it is recommended to:
* Plant more than one season to measure the long effelesalinated water on the
fertility of heavy saline soil and plant growth.
* Measure the effect of the desalinated water onstieand water movement in
heavy saline soil within soil profile.

* Study the amount of fertilizers needed under dgffieéwater salinity levels.
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Annexes:

Annex (1) SPSS data results
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All obtained data were subjected to analysis ofavexe (ANOVA) at p 0.05, and mean separation

conducted using Duncan’s Multiple Range Test (DMR3ihg (SPSS) software

Sum of Mean
Oneway ANOVA Squares df Square Sig.
Between Groups | 0.32 3.00 0.11 68.65 0.00
[S)tea‘;ee'or’mem Within Groups | 0.01 8.00 | 0.00
Total 0.33 11.00
Between Groups | 0.85 3.00 0.28 73.02 0.00
Plant Height | Mid Stage Within Groups 0.03 8.00 0.00
Total 0.88 11.00
Between Groups | 1.20 3.00 0.40 24.78 0.00
Late stage Within Groups 0.13 8.00 0.02
Total 1.33 11.00
Between Groups | 10.77 3.00 3.59 2.89 0.10
gtea‘;e;"pmem Within Groups | 9.94 800 | 1.24
Total 20.70 11.00
Between Groups | 6.46 3.00 2.15 1.09 0.41
Stizmeter Mid Stage Within Groups | 15.84 800 | 1.98
Total 22.29 11.00
Between Groups | 6.97 3.00 2.32 1.04 0.43
Late stage Within Groups 17.91 8.00 2.24
Total 24.88 11.00
Between Groups | 0.23 3.00 0.08 8.25 0.01
gtea‘;e;"pmem Within Groups | 0.07 8.00 | 0.01
Total 0.30 11.00
Between Groups | 0.64 3.00 0.21 12.30 0.00
Chlorosis Mid Stage Within Groups 0.14 8.00 0.02
Total 0.78 11.00
Between Groups | 0.00 3.00 0.00
Late stage Within Groups 0.00 8.00 0.00
Total 0.00 11.00
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Sum of Mean
Oneway ANOVA Squares df Square F Sig
Between 0.03 3.00 | 001 0.73 0.56
Development | Groups
Stage Within Groups | 0.09 8.00 0.01
Total 0.12 11.00
Between 0.00 3.00 0.00
Leaves Mid St Groups
Malformation Id Stage Within Groups | 0.00 8.00 0.00
Total 0.00 11.00
Between 0.18 3.00 | 0.06 1.94 0.20
Groups
Late stage Within Groups | 0.25 8.00 0.03
Total 0.43 11.00
Between 0.12 3.00 | 0.04 0.54 0.67
Development Groups
cevelop Within Groups | 0.59 8.00 | 0.07
Stage
Total 0.71 11.00
. Between 0.12 3.00 0.04 0.54 0.67
Fruits . . Groups ’ ’ . . .
Malformation Mid Stage Within Groups | 0.59 8.00 0.07
Total 0.71 11.00
Between 0.44 3.00 | 015 0.74 0.56
Groups
Late stage  "\yithin Groups | 1.60 8.00 | 0.20
Total 2.04 11.00
Between 0.56 3.00 | 0.19
Development | Groups
Stage Within Groups | 0.00 8.00 0.00
Total 0.56 11.00
Between 255 3.00 0.85 31.92 0.00
. . Groups
Fruits Color Mid Stage Within Groups | 0.21 8.00 | 0.03
Total 2.77 11.00
Between 0.04 3.00 | 001 7.56 0.01
Groups
Late stage  Mwithin Groups | 0.01 8.00 | 0.00
Total 0.05 11.00




69

Sum of M ean
Oneway ANOVA Squares df Square Sig.
Between Groups| 6.83 3.00 2.28 1.25 0.36
geve'Opmem Within Groups | 14.60 8.00 | 1.82
fage Total 21.42 11.00
Between Groups| 20.74 3.00 6.91 3.36 0.08
Elc()).v\?efrs/PIant Mid Stage Within Groups | 16.45 8.00 2.06
Total 37.19 11.00
Between Groups| 42.15 3.00 14.05 13.30 0.00
Late stage Within Groups | 8.45 8.00 1.06
Total 50.60 11.00
Between Groups| 13.12 3.00 4.37 3.01 0.09
gg‘;e;(’pmem Within Groups | 11.64 800 | 145
Total 24.76 11.00
Between Groups| 4.94 3.00 1.65 0.63 0.61
Erou.it(;flPlant Mid Stage | Within Groups | 20.83 800 | 2.60
Total 25.77 11.00
Between Groups| 12.06 3.00 4.02 12.56 0.00
Late stage Within Groups 2.56 8.00 0.32
Total 14.62 11.00
Between Groups| 6732.17 3.00 2244.06 85.82 0.00
gg‘ge;"pmem within Groups | 209.19 8.00 | 26.15
Total 6941.35 11.00
Between Groups| 5242.82 3.00 1747.61 118.93 0.00
Fruit Weight Mid Stage Within Groups | 117.56 8.00 14.70
Total 5360.38 11.00
Between Groups| 2391.78 3.00 797.26 34.00 0.00
Late stage Within Groups 187.56 8.00 23.45
Total 2579.34 11.00
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Sum of Mean
Oneway ANOVA Squares df Square F 39
Between 208 3.00 0.99 44.02 0.0
Development | Groups
Stage Within Groups| 0.18 8.00 0.02
Total 3.16 11.00
Between 3.09 3.00 1.03 66.04 0.0
_ Groups
Leaf Area Index Mid Stage Within Groups| 0.12 8.00 0.02
Total 3.22 11.00
Between 3.20 3.00 1.07 87.79 0.0
Groups
Late stage Within Groups| 0.10 8.00 | 0.01
Total 3.29 11.00
Between 140.71 3.00 | 46.90 3323 | 0.0
Average All st Groups
Production/Plant stages Within Groups| 11.29 8.00 141
Total 152.00 11.00
Between 0.25 3.00 0.08 43.72 0.0
Development | Groups
Stage Within Groups| 0.02 8.00 0.00
Total 0.26 11.00
Between 0.06 3.00 0.02 15.30 0.0
_ _ Groups
Fruit pH Mid Stage Within Groups| 0.01 8.00 | 0.00
Total 0.07 11.00
Between 0.08 3.00 0.03 38.16 0.0
Groups
Late stage Within Groups| 0.01 8.00 0.00
Total 0.08 11.00
Between 1.48 3.00 0.49 98.44 0.0
Development | Groups
Stage Within Groups| 0.04 8.00 0.01
Total 1.52 11.00
Between 297 3.00 0.75 278.77| 0.0
_ . Groups
Fruit TSS Mid Stage Within Groups| 0.02 8.00 0.00
Total 2.29 11.00
Between 4.25 3.00 | 1.42 239.52| 0.0
Groups
Late stage Within Groups| 0.05 8.00 | 0.01
Total 4.30 11.00
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Sum of
Oneway ANOVA Squares df Mean Square | F Sig.
Between 0.99 3.00 | 0.33 1102.99 0.90
Development Groups
Stage Within 0.00 8.00 | 0.00
Groups
Total 1.00 11.00
Between | 15 6 3.00 | 5.09 59452 | 0.00
Groups
Fruit EC Mid Stage Within 0.07 8.00 0.01
Groups
Total 15.33 11.00
Between 0.41 3.00 | 0.14 159.73 |  0.0p
Groups
Late stage Within 0.01 8.00 0.00
Groups
Total 0.42 11.00
CB;‘:;"JSE” 9975404.92 | 3.00 | 3325134.97 | 278857 000
Development Within
Stage 9539.33 8.00 | 1192.42
Groups
Total 9984944.25 | 11.00
Z‘:;"L‘j’sgn 59757438.25 | 3.00 | 19919146.08| 1854.01 0,00
Leaves Total hi
N Mid Stage Within 85950.67 8.00 | 10743.83
Groups
Total 59843388.92 | 11.00
BEIWEEN | 1368524.00 | 3.00 | 456174.67 2422166 0|00
Groups
Late stage Within 150.67 8.00 18.83
Groups
Total 1368674.67 | 11.00
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Sum of
Oneway ANOVA Squares df Mean Square Sig.
g‘:;‘ﬁg:” 671706.92 3.00 | 22390231 802.52 0.0o
Development Within
Stage 2232.00 8.00 | 279.00
Groups
Total 673938.92 11.00
Between 974476.33 3.00 | 324825.44 135.67 0.00
Groups
Leaves K Mid Stage Within 19153.33 8.00 | 2394.17
Groups
Total 993629.67 11.00
Between 343130.92 3.00 | 114376.97 13589.34  0.40
Groups
Late stage Within 67.33 8.00 | 8.42
Groups
Total 343198.25 11.00
g?;"l:g:” 25743803.67 | 3.00 | 8581267.89 | 228833810 0.p0
Development —
Stage Within 30.00 800 | 3.75
Groups
Total 25743833.67 | 11.00
Between 3260391.33 3.00 | 1086797.11 | 323.93 0.do
Groups
LeavesCa | Mid Stage | Within 26840.67 8.00 | 3355.08
Groups
Total 3287232.00 11.00
Between 15534314.00 | 3.00 | 5178104.67 | 437586.31 0.p0
Groups
Late stage Within 94.67 8.00 | 11.83
Groups
Total 15534408.67 | 11.00
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Sum of
Oneway ANOVA Squares df Mean Square | F Sig.
Between 77658.92 3.00 | 25886.31 5752.51
Development Groups
Stage Within 36.00 8.00 | 450
Groups
Total 77694.92 11.00
Between 414012.25 3.00 | 138004.08 535.25
Groups
Leaves P Mid Stage Within 2062.67 8.00 | 257.83
Groups
Total 416074.92 11.00
Between 375822.25 3.00 | 125274.08 13186.75
Groups
Late stage Within 76.00 8.00 | 9.50
Groups
Total 375898.25 11.00

00

00

00




Post Hoc Tests
Homogeneous Subsets

Plant Height Development Stage (m)
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Treatments N Subset for alpha = .05
1.000 2.000 3.000
4 3.000 1.378
1 3.000 1.613
2 3.000 1.745
3 3.000 1.798
Sig. 1.000 1.000 0.134
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Plant Height Mid Stage (m)
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 1.682
1 3.000 1.833
2 3.000 2.190
3 3.000 2.343
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Plant Height L ate Stage (m)
Treatments N Subset for alpha = .05
1.000 2.000 3.000
4 3.000 2.185
1 3.000 2.265
2 3.000 2.657
3 3.000 2.972
Sig. 0.463 1.000 1.000

Means for groups in homogeneous subsets are déplay

a. Uses Harmonic Mean Sample Size = 3.000.




Stem Diameter Development Stage (mm)

Treatments N Subset for alpha = .05

1.000 2.000
4 3.000 5.067
1 3.000 6.667 6.667
3 3.000 7.117 7.117
2 3.000 7.583
Sig. 0.063 0.362

Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.

Stem Diameter Mid Stage (mm)

Treatments N Subset for alpha = .05
1.000

4 3.000 7.308

1 3.000 7.650

2 3.000 8.883

3 3.000 8.967

Sig. 0.211

Means for groups in homogeneous subsets are d&play

a. Uses Harmonic Mean Sample Size = 3.000.

Stem Diameter Late Stage (mm)

Treatments N Subset for alpha = .05
1.000

4 3.000 7.750

1 3.000 8.022

3 3.000 9.390

2 3.000 9.405

Sig. 0.238

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Chlorosis Development Stage (1-5)

Treatments N Subset for alpha = .05

1.000 2.000
4 3.000 1.000
2 3.000 1.167
3 3.000 1.167
1 3.000 1.389
Sig. 0.076 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
ChlorosisMid Stage (1-5)
Treatments N Subset for alpha = .05

1.000 2.000
4 3.000 1.500
2 3.000 1.583
3 3.000 1.583
1 3.000 2.083
Sig. 0.479 1.000

Means for groups in homogeneous subsets are d&play

a. Uses Harmonic Mean Sample Size = 3.000.

L eaves Malformation Development stage (1-5)

Treatments N Subset for alpha = .05
1.000

1 3.000 1.000

2 3.000 1.000

3 3.000 1.056

4 3.000 1.111

Sig. 0.268

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.

76



Leaves Malformation Late Stage (1-5)

Treatments N Subset for alpha = .05
1.000

4 3.000 1.000

3 3.000 1.083

2 3.000 1.167

1 3.000 1.333

Sig. 0.062

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.

FruitsMalfor mation Development Stage (1-5)

Treatments N Subset for alpha = .05
1.000

1 3.000 0.833

2 3.000 0.944

3 3.000 1.000

4 3.000 1.111

Sig. 0.273

Means for groups in homogeneous subsets are déplay

a. Uses Harmonic Mean Sample Size = 3.000.

FruitsMalformation Mid Stage (1-5)

Treatments N Subset for alpha = .05
1.000

1 3.000 0.833

2 3.000 0.944

3 3.000 1.000

4 3.000 1.111

Sig. 0.273

Means for groups in homogeneous subsets are déplay

a. Uses Harmonic Mean Sample Size = 3.000.
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Fruits M alformation L ate Stage (1-5)

Treatments N Subset for alpha = .05
1.000

1 3.000 1.611

2 3.000 1.639

3 3.000 1.944

4 3.000 2.056

Sig. 0.285

Means for groups in homogeneous subsets are d&play

a. Uses Harmonic Mean Sample Size = 3.000.

Fruits Color Mid Stage (1-4)

Treatments N Subset for alpha = .05
1.000 2.000 3.000
1 3.000 2.300
4 3.000 2.467 2.467
2 3.000 2.667
3 3.000 3.500
Sig. 0.247 0.172 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruits Color Late Stage (1-4)
Treatments N Subset for alpha = .05
1.000 2.000
1 3.000 3.861
4 3.000 3.861
2 3.000 3.889
3 3.000 4.000
Sig. 0.456 1.000

Means for groups in homogeneous subsets are d&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Number of flowers per plant Development Stage

Treatments N Subset for alpha = .05
1.000

1 3.000 11.556

4 3.000 11.722

3 3.000 12.083

2 3.000 13.472

Sig. 0.141

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.

Number of flowersper Plant Mid Stage

Treatments N Subset for alpha = .05

1.000 2.000
1 3.000 6.133
2 3.000 7.933 7.933
3 3.000 8.267 8.267
4 3.000 9.833
Sig. 0.119 0.158
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Number of flowersper Plant Late Stage
Treatments N Subset for alpha = .05

1.000 2.000
1 3.000 7.917
3 3.000 8.444
2 3.000 8.500
4 3.000 12.583
Sig. 0.523 1.000

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Number of Fruitsper Plant Development Stage

Treatments N Subset for alpha = .05
1.000 2.000
1 3.000 7.500
4 3.000 8.111 8.111
3 3.000 9.444 9.444
2 3.000 10.139
Sig. 0.095 0.084
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Number of Fruitsper Plant Mid Stage
Treatments N Subset for alpha = .05
1.000
1 3.000 12.300
2 3.000 12.867
3 3.000 13.400
4 3.000 14.033
Sig. 0.251
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Number of Fruitsper Plant Late Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000
1 3.000 6.111
2 3.000 7.056 7.056
3 3.000 7.556
4 3.000 8.889
Sig. 0.075 0.311 1.000

Means for groups in homogeneous subsets are d&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Fruit Weight Development Stage (gm)
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Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 75.389
1 3.000 98.222
3 3.000 123.556
2 3.000 137.056
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are de&play
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit Weight Mid Stage (gm)
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 80.800
1 3.000 90.867
3 3.000 120.467
2 3.000 131.967
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit Weight L ate Stage (gm)
Treatments N Subset for alpha = .05
1.000 2.000
4 3.000 86.917
1 3.000 90.167
3 3.000 112.056
2 3.000 120.139
Sig. 0.435 0.075

Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.




Leaf Arealndex Development Stage
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Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 1.367
1 3.000 1.683
2 3.000 2.333
3 3.000 2.617
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Leaf Arealndex Mid Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000
4 3.000 1.192
1 3.000 1.517
2 3.000 2.225
3 3.000 2.438
Sig. 1.000 1.000 0.070
Means for groups in homogeneous subsets are de&play
a. Uses Harmonic Mean Sample Size = 3.000.
Leaf Arealndex Late Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000
4 3.000 1.362
1 3.000 1.545
2 3.000 2.340
3 3.000 2.585
Sig. 0.076 1.000 1.000

Means for groups in homogeneous subsets are deplay

a. Uses Harmonic Mean Sample Size = 3.000.




Average Production per plant (kg)
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Treatments N Subset for alpha = .05
1.000 2.000
1 3.000 12.161
4 3.000 13.116
3 3.000 18.756
2 3.000 20.032
Sig. 0.354 0.225
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit pH Development Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 3.953
2 3.000 4.083
1 3.000 4.203
3 3.000 4.340
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit pH Mid Stage
Treatments N Subset for alpha = .05
1.000 2.000
4 3.000 4.033
3 3.000 4.063
2 3.000 4.157
1 3.000 4.203
Sig. 0.326 0.142

Means for groups in homogeneous subsets are déplay

a. Uses Harmonic Mean Sample Size = 3.000.




Fruit pH Late Stage

Treatments N Subset for alpha = .05

1.000 2.000 3.000
1 3.000 4.067
4 3.000 4.073
3 3.000 4.190
2 3.000 4.257
Sig. 0.761 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit TSS (%) Development Stage
Treatments N Subset for alpha = .05

1.000 2.000 3.000
3 3.000 3.967
4 3.000 4.167
2 3.000 4.233
1 3.000 4.900
Sig. 1.000 0.282 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit TSS (%) Mid Stage

Treatments N Subset for alpha = .05

1.000 2.000 3.000
1 3.000 5.183
3 3.000 5.433
2 3.000 6.133
4 3.000 6.183
Sig. 1.000 1.000 0.273

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Fruit TSS (%) Late Stage
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Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
1 3.000 4.827
2 3.000 5.353
4 3.000 5.950
3 3.000 6.400
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit EC Development Stage
Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
4 3.000 5.500
2 3.000 5.547
3 3.000 5.763
1 3.000 6.227
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Fruit EC Mid Stage
Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
1 3.000 5.077
3 3.000 5.277
2 3.000 7.053
4 3.000 7.707
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are deplay

a. Uses Harmonic Mean Sample Size = 3.000.




Fruit EC late Stage
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Treatments N Subset for alpha = .05
1.000 2.000
2 3.000 4.477
4 3.000 4.477
1 3.000 4.837
3 3.000 4.857
Sig. 1.000 0.427
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves Total N (ppm) Development Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000
1 3.000 3321.000
2 3.000 4688.333
3 3.000 4738.667
4 3.000 5895.000
Sig. 1.000 0.112 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves Total N (ppm) Mid Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
1 3.000 2445.667
2 3.000 5346.667
3 3.000 7479.667
4 3.000 8178.333
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.




Leaves Total N (ppm) Late Stage
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Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
3 3.000 2109.667
4 3.000 2434.333
1 3.000 2672.333
2 3.000 3034.333
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves P (ppm) Development Stage
Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
1 3.000 487.333
2 3.000 570.667
3 3.000 613.000
4 3.000 710.667
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves P (ppm) Mid Stage
Treatments N Subset for alpha = .05

1.000 2.000 3.000 4.000
1 3.000 495.000
2 3.000 634.333
3 3.000 856.000
4 3.000 971.000
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are deplay

a. Uses Harmonic Mean Sample Size = 3.000.




Leaves P (ppm) Late Stage
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Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 851.667
3 3.000 867.667
2 3.000 955.667
1 3.000 1290.000
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
LeavesK (ppm) Development Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
3 3.000 1907.333
2 3.000 2134.333
4 3.000 2367.667
1 3.000 2533.000
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are déplay
a. Uses Harmonic Mean Sample Size = 3.000.
LeavesK (ppm) Mid Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
1 3.000 2272.333
2 3.000 2419.333
3 3.000 2833.000
4 3.000 2964.000
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.




LeavesK (ppm) Late Stage
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Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
3 3.000 2327.000
2 3.000 2495.000
4 3.000 2571.667
1 3.000 2797.333
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves Ca (ppm) Development Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
4 3.000 4986.000
3 3.000 7204.667
1 3.000 7799.333
2 3.000 9025.333
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are d&play
a. Uses Harmonic Mean Sample Size = 3.000.
Leaves Ca (ppm) Mid Stage
Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
2 3.000 4480.333
3 3.000 4877.333
1 3.000 5412.667
4 3.000 5853.667
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.
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Leaves Ca (ppm) Late Stage

Treatments N Subset for alpha = .05
1.000 2.000 3.000 4.000
1 3.000 5569.000
4 3.000 6020.000
3 3.000 6752.000
2 3.000 8553.667
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are de&play

a. Uses Harmonic Mean Sample Size = 3.000.




Annex (2): Tomato plant irrigation water requirement

91

irrigation irrigation irrigation irrigation irrigation irrigation
dates quantity (litter dates quantity dates quantity
firrigation) (litter (litter
firrigation) /irrigation)

02-Oct 402 22-Dec 228 12-Mar 777
05-Oct 302 25-Dec 60 15-Mar 809
08-Oct 286 28-Dec 181 18-Mar 837
11-Oct 270 31-Dec 63 21-Mar 866
14-Oct 242 03-Jan 76 24-Mar 893
17-Oct 197 06-Jan 284 27-Mar 919
20-Oct 236 09-Jan 74 30-Mar 945
23-Oct 242 12-Jan 302 02-Apr 969
26-Oct 181 15-Jan 79 05-Apr 990
29-Oct 152 18-Jan 244 08-Apr 1011
01-Nov 150 21-Jan 102 11-Apr 1032
04-Nov 239 24-Jan 189 14-Apr 1047
07-Nov 236 27-Jan 236 17-Apr 1063
10-Nov 176 30-Jan 391 20-Apr 1037
13-Nov 221 02-Feb 102 23-Apr 1005
16-Nov 231 05-Feb 417 26-Apr 958
19-Nov 231 08-Feb 423 29-Apr 929
22-Nov 226 11-Feb 473 02-May 866
25-Nov 218 14-Feb 501

28-Nov 113 17-Feb 530

01-Dec 207 20-Feb 562

04-Dec 152 23-Feb 591

07-Dec 53 26-Feb 622

10-Dec 105 29-Feb 654

13-Dec 53 03-Mar 685

16-Dec 221 06-Mar 717

19-Dec 55 09-Mar 748
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Annex (3) Soil Test Interpretation Guide*

Element Low ppm Medium ppm High ppm Excessive
Total N <10 10-20 20-40 >40
P (Olsen test) <10 10-20 20-40 >40
K (Extractable) <150 150-250 250-800 >800
Ca (Extractable) 1000 1000-2000 >2000
EC ds/cm <1 1-2 >2
Soil PH

Leve Value
strongly acid below 5.1
moderately acid 5.2-6.0
slightly acid 6.1-6.5
neutral 6.6—7.3
moderately alkaline 7.4-8.4
strongly alkaline above 8.5

*Soil Test Interpretation Guide. E.S. Marx, J. Hart, and R.G. Stevens, 1996 Oregon State Univer sity



(Annex 4): Tomato plant leaves nutrients content at diffeptant growth stages.
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Total N _Analysis (ppm) P_Analysis (ppm) K _Analysis (ppm) Ca_Analysis (ppm)
Treatment  pevdopment Mid Late Development Mid Late Development Mid Late Development Mid Late
Stage Stage  Stage Stage Stage Stage Stage Stage Stage Stage Stage  Stage
Desalinated 3321.0 2445.7 2672.3 487.3 495.0 1290.0 2533.0 2272.3 2797.3 7799.3 5412.7 5569.0
water with Cc++ d b d d a a d a b b d
200 ppm (T1)
Blinding 4688.3 5346.7 3034.3 570.7 634.3 955.7 2134.3 2419.3 2495.0 9025.3 4480.3 8553.7
water with b C a C C b C c c a d a
750 ppm (T2)
Blending
: 4738.7 7479.7 2109.7 613.0 856.0 867.7 1907.3 2833.0 2327.0 7204.7 4877.3 6752.0
water with b b d b b c d b d c c b
1600 ppm
(T3)
Raw saline 5895.0 81783 24343  710.7 971 8517  2367.7 29640 25717 4986 5853.7 6020
water with a a c a a d b a b d a c
TDS 4500
ppm (T4)

*Values followed by the same alphabetical letter in each column do not differ significantly from each other using LSD
++ Lettersrepresent statistical groups (a= the highest value, d= isthe lowest) (p<0.05 )
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Annex (5): Chlorosis, fruits and leaves malformation, and fruit color key.
Chlorosis: 1 =green, 5= complete yellow.

M alformation of leaves. 1= No malfor mat

1 5

1 5

Fruit Color: 1= lest marketable color green, 4 = favorite marketable color red

=
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Annex (6) Resear ch Set up Photos

Blended water with 1600 ppm (T3) Raw salinewater with TDS 4500 ppm (T4)



