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SUMMARY

Key words: Pheroids; fatty acidsLycopersicon esculentum; Blossom-end rot; calcium;

calcium deficiency; yield

A company, Elementol (Pty) Ltd, requested the eatadun of their novel product, Pheroids.
Pheroids is apparently a micro-emulsion that hasatfility to act as a vehicle transporting
phytologically beneficial substances over membrafidé®ey further claim that Pheroids
alone, has plant growth promoting qualities. Howelittle information on Pheroids was
provided, as its patent registration is still peggdi

Lycopersicon esculentum (cv. Floridade) was used for this study as it ne to
developing a nutritional disorder, Blossom-end (BER), under circumstances that
promote a calcium deficiency in fruits. It can redypotential yield with up to 70%.

The plants were cultivated in a controlled greersgoanvironment in a drip hydroponic
set-up using complete- and calcium deficient notrirmedia. The plants cultivated in the
calcium deficient nutrient medium markedly develd@ER. In an effort to reduce the

occurrence of BER, these plants were treated wathitianal calcium using 1% and

2% CaC} solutions, singly and mixed with Pheroids, as fpdissprays. The purpose of
these treatments was to test the ability of Phertadact as a vehicle for the transport of
additional calcium into the plants. Control plaatdtivated in a complete nutrient medium
were also treated foliarly with pure Pheroids ttedaine the possible stimulatory effect of

Pheroids on plant growth.

Reduced vyield, and the subsequent high incidencBER, as a result of the calcium
deficiency, was prevented by supplying calciumssteel plants with additional calcium in
the form of the 1% and 2% CaQGbliage sprays. These treatments improved yietuvab

that of the calcium stressed plants, but failedaimpletely prevent the occurrence of BER.

Mixing Pheroids with these Caglsolutions addresses its potential to transporitiaddl
calcium into the plants to improve cellular calcisoncentrations. The 2% Ca®heroids
mixture specifically proved to be a very efficignéatment in reducing the effect of a

calcium deficiency on yield and the developmentBHER. Although BER was not

\



completely prevented, the yield and income gendrat&h this mixture compared
favourably to that of control plants.

The efficiency of this 2% CaglPheroids mixture as a preventative foliage spy f
reducing the occurrence of BER, were also comptredtreatment where only the fruits
of calcium stressed plants were treated with thigure. Treating only the fruits reduced
the occurrence of BER effectively, but yield andffirwere markedly decreased, making it

ineffective, unpractical and uneconomical.

A further aim of this study was to investigate #idality of Pheroids to act as a growth
promoting substance by spraying control plants Witleroids. The data obtained suggested
that Pheroids stimulated plant growth in generalitastimulated yield. However, its
potential stimulatory response also promoted thesldpment of BER, and subsequently a
reduction in net yield and profit. Since generamlgrowth was stimulated by Pheroids
under control conditions, it is recommended thatrBids should be extensively tested on a

variety of crops to evaluate its growth stimulatpwjential.

In summary, it appeared that Pheroids has the palkdn act as a growth promoting
substance, but needs further detailed investigakionvever, it did indeed act as a vehicle
for the transportation of phytologically beneficmlbstances over membranes, especially
in tomatoes grown under calcium stress conditid@king into consideration that most
crops are grown in sub-optimal conditions, Pheramight have numerous potential

applications for the agricultural industry.

VI



OPSOMMING

Sleutelwoorde: Pheroids; vetsureLycopersicon esculentum; Blom-end-vrot; kalsium;

kalsium-arm toestande; oesopbrengs

‘n Maatskappy, Elementol (Edms) Bpk, het die evahge van hul produk, “Pheroids”
onder gekontroleerde toestande aangevra. Phemitgsmikro-emulsie wat vermoedelik
oor die vermoé beskik om die vervoer van fisiolsgieoordelige verbindings oor
membrane te verbeter. Elementol (Edms) Bpk bewesder datPheroids ook oor
groeistimulerende eienskappe beskik. Min inligtog Pheroids is egter bekend aangesien

die patentregistrasie nog nie afgehandel is nie.

Lycopersicon esculentum (cv. Floridade) is in die studie gebruik aangesié® vrugte
geneig is om blom-end-vrot (BEV) onder toestandd tmakalsiumtekort in vrugte
bevorder, te ontwikkel. Die voorkoms van BEV karsagbrengs met soveel as 70%

verminder.

Die plante is in ‘n kweekhuis verbou in hidropomiedrup sisteme met volledige- en
kalsium-arm voedingsmediums. Daar is aangetoorindabé voorkoms van BEV by die
plante wat in die kalsium-arm voedingsmedium verimywoorgekom het. In ‘n poging
om die ontwikkeling van BEV te beperk, is die parman addisionele kalsium voorsien in
die vorm van blaarbespuitings met 1% en 2% Gaplossings, alleen of gemeng met
Pheroids. Die doel hiervan was om die vermoé vaerditis om fisiologies voordelige
verbindings oor membrane in die sel te vervoer,otelersoek. Kontroleplante is
addisioneel met Pheroids bespuit om die moontlkeigtimulerende eienskappe daarvan

op plantgroei te bepaal.

Kalsium-arm toestande het duidelik die oesopbremgkag en die voorkoms van BEV
verhoog. Daarenteen het behandeling van hierdgugatarm plante met 1% en 2% CaCl
oplossings die oesopbrengs verbeter en die voorkem8EV gedeeltelik beperk. Hierdie
behandelings kon egter nie die effek van kalsium-&westande op oesopbrengs en die

voorkoms van BEV ten volle ophef nie.

VIl



Deur die CaGl oplossings met Pheroids te vermeng, is die paahsian Pheroids om
addisionele kalsium na plantselle te vervoer, aspigek. Die Pheroids teenwoordig in die
2% CaC}-Pheroids-mengsel het moontlik die vervoer van siddele kalsium verbeter
aangesien dit die mees doeltreffende behandelirsgoraoesopbrengs te verhoog en die
voorkoms van BEV beduidend te verminder. Alhoewsd doorkoms van BEV nie
volledig met hierdie CaGtPheroids-behandeling onderdruk was nie, het ddepimengs

en winsgrense baie goed vergelyk met die van cierddeplante.

Die doeltreffendheid van die 2% Ca@®heroids-mengsel as ‘n voorkomende
blaarbespuiting om die voorkoms van BEV te bepmrlook vergelyk met ‘n behandeling
waar slegs die vrugte van kalsium-arm plante metrndéngsel behandel is. Die direkte
behandeling van slegs die vrugte het ook die vaokean BEV doeltreffend verlaag,
maar dit het ook oesopbrengs en gevolglike wimagkbaar verminder. Dus, om slegs die
vrugte van Kkalsium-arm plante met die GCaRheroids-mengsel te behandel, is

ondoeltreffend, onprakties en nie ekonomies nie.

‘n Verdere doel van die studie was om die groeigkamende eienskappe van Pheroirds te
evalueer. Behandeling van kontroleplante wat remuder optimale voedingstoestande
groei met Pheroids, het die oesopbrengs verbetedubDdaarop dat Pheroids plantgroei in
die algemeen kan bevorder. Pheroids het egter mokodrkoms van BEV gestimuleer en
gevolglik die oesopbrengs en winste verlaag. Daaordw aanbeveel dat die
groeistimulerende kapasiteit van Pheroids wat andie studie waargeneem is, ook op ‘n

aantal ander belangrike landbougewasse ondersogk wo

Dit blyk dus dat Pheroids die potensiaal het ommigliaei te stimuleer, maar dit vereis
verdere ondersoeke. Dit blyk ook dat Pheroids deevaer van ander fisiologiese
voordelige verbindings oor membrane bevorder, vetsy plante wat aan

spanningstoestande blootgestel is. As in ag geneerd dat die meeste gewasse in elk
geval in sub-optimale toestande verbou word, wil borkom of Pheroids verskeie
toepassings in die landbouindustrie het. Verdergdis$ op ‘n verskeidenheid van

landbougewasse, is dus noodsaaklik.
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CHAPTER 1
INTRODUCTION

TomatoesI(ycopersicon esculentum) are one of the most cultivated and important srap
the produce market today (http://businessafrica.ngte tomato industry has grown to

include more than 7000 cultivars (http://en.wiki@edrg/wiki/Tomato).

Various health benefits have been attributed tactimssumption of tomatoes because it is a
valuable source of Vitamins C and E, as well aspgne. Lycopene is a potent antioxidant
that is responsible for the red colour of the &uUiBramley, 2000). The consumption of
tomatoes has been associated with a lowered rigkastate cancer and heart diseases
(Agarwal & Rao, 2000; Poldet al., 2004).

Tomato vyield is affected by a variety of factorstsuas the water content of the soill,
uneven watering in greenhouses and tunnels, ligbhsity, temperature and the mineral
composition of the soil or nutrient medium (Mahagaisingh, 2006). Studies by Georgeta
et al. (1977) showed that unfavourable nutritional comaisi such as excess, deficiencies
or the lack of a balanced nutrient compositioneetéfd yield more negatively than
environmental conditions such as light intensityd aemperature. An example of a

nutritional disorder that affects yield negatival/Blossom-end rot (BER).

Blossom-end rot occurs widely among greenhouse- faeid-grown tomatoes (Ho &
White, 2005). Tomatoes that suffer from BER hawveksa lesions at the blossom-end of
the fruit (Ho & White, 2005). Up to 70% of a harvean be lost due to BER, depending
on cultivar, agricultural practices and environna¢cbnditions (Tayloet al., 2004).

Plants require 16 essential mineral elements fowtyr (Salisbury & Ross, 1992). These
nutrient elements are divided into two groups, ma@nd micronutrients. One of the
macronutrients needed for normal growth and freodpction, is calcium. Factors such as
a low calcium and phosphate supply, high magnesiaitnate- and potassium supply, high

salinities, low and very high relative humiditiesdahigh light intensities and temperatures



in the shoot environment (Het al., 1993; 1999; Joséet al., 1994; Nukayaet al.,
199%&Db), can cause a cellular calcium deficiency in tietadl fruit tissue, which is the
primary cause of BER (Het al., 1993; Tayloret al., 2004; Ho & White, 2005).

Several practices are utilised commercially to oedthe occurrence of BER. The most
common practices are the addition of calcium td @othe direct spraying of plants with
calcium. Calcium deficient soils are treated with75t0 1134 kg CaC® ha' several
months before planting (http://www.ces.ncsu.edu; tp:Hpubs.caes.uga.edu;
http://vegedge.umn.edu). Alternatively, calcium ¢z sprayed directly onto established
plants with either 0.25% calcium chloride (CgQir 0.5% calcium nitrate (CaNDuntil
the point of drip-off. Spraying starts as soontesfirst symptoms of BER appears and is
applied every seven to ten days for three or f@plieations (www.pubs.caes.uga.edu).
Studies by Ho and White (2005) indicated that aklye€aCh spray of 0.5% (w/v) reduce
the occurrence of BER with up to 40%.

A company, Elementol (Pty) Ltd, is in the procegsegistering a product under the name
of Pheroids. Pheroids is a micro-emulsion that a@aost fatty acids and/or fatty acid

derivatives. Elementol (Pty) Ltd claims that thiswdsion is a vehicle for the delivery and
translocation of phytologically beneficial substas@ver membranes. They further claim
that Pheroids on its own, also stimulates plantvgnoin general. Patent registration for
Pheroids is still pending and for this reason Eletole(Pty) Ltd disclosed very little

information regarding the structure and nature loérBids. Elementol (Pty) Ltd requested
the evaluation of Pheroids as a growth promotifgst&nce as well as its ability to reduce

or prevent disorders in crops by enhancing thestogation of substances.

The rationale for this study was to evaluate theantd made by Elementol (Pty) Ltd
regarding Pheroids. This was done by growing tosstoydroponically under calcium
deficient conditions to promote the incidence offBH he calcium deficient plants were
then sprayed with one percent and two percent £a6Glutions, singly and mixed
(“packed”) with Pheroids. It is hypothesized thatPheroids acted as a translocating
molecule, it may improve the transport of calciuanogs the membranes, increasing the
concentration of calcium cations (Cpin the plants and fruits, thereby improving yield
and decreasing the occurrence of BER. A furtherwas to determine whether Pheroids

applied on its own, promotes plant growth and yield



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Tomatoes are worldwide one of the most consumed &wops in the vegetable economy
(Salunkhest al., 1974; Chapagain & Wiesman, 2004), due to their-yeand availability
and accessible prices (Abushéaal., 1997). It is no different in South Africa whelget
size of the tomato industry is approximately 650 @@ns to the value of R1.3 billion per

annum (www.nda.agric.za/docs/Cropsestimates).
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Figure 2.1: The areas committed to tomato production in thepeetive South African

provinces for 2006 (www.nda.agric.za/docs/Cropaesies).

Tomato yield in any given year is largely deterndifiy two factors, namely the quality of
the tomatoes and the ability to produce tomatodsidrl of the normal growing season

(www.nda.agric.za/docs/Cropsestimates).

The price of tomatoes increased from approximatB®000. toft for 2001, to
approximately R2800. tohfor 2005 (Table 2.1). In order to guarantee a peed price of
approximately R4. k§, the total local market supply should not exce6dd@0 tons per

month (www.nda.agric.za/docs/Cropsestimates).



Table 2.1: Average vegetable prices in the South AfricanHrpsoduce markets for the
period 2001/02 to 2005/06 (http://www.nda.agricdpas/Cropsestimates).

2001/02 2002/03 2003/04 2004/0% 2005/06

Year:
R. ton™

Tomatoes 2071,31 2471,79 2 852,04 2 267,02 28481
Onions 1 469,52 1672,73 1 558,47 1221,39 1 346,p8
Green mealies 4 145,82 5 996,33 6 082,33 5195,7J0 5 926,p7
Cabbages 563,16 685,15 681,27 642,61 716,64
Pumpkins 689,44 874,74 775,71 876,17 864,71
Carrots 1 258,48 1 325,92 1214,5% 1 404,02 1461,p7
Other 1 604,84 1 998,25 2 194,8( 2 046,90 2 347,62

2.2 TOMATOES (Lycopersicon esculentum)

The genud.ycopersicon is native to western South America where it isjescied to little
rain, high relative humidities and temperaturesgiag from 10°C to 24°C, but this
photoperiod insensitive plant (Samach & Lotan, 30§fows well practically everywhere
(Salunkhest al., 1974).

2.2.1 PHYSIOLOGY OF FRUIT GROWTH

Tomato fruits are essentially swollen ovaries tbamtain associated flower parts. The

development of fruits follows fertilization and ags simultaneously with seed maturation

(White, 2002). The cumulative growth pattern ofraitfcan be divided into three phases

(Wang,et al., 1993):

1. Aninitial slow growth period after anthesistthange from day O to day 14 of fruit
development. Most of the cell

(Asahira,et al., 1968).

division takes pladerring this period



2. Day 10 to 40 of fruit development marks the fgsiwing period. Tomato fruits
accumulate most of its dry matter, such as stadirjng this period. The
accumulation rate is maximal at day 20 (Wahgl., 1993).

3. A maturation period. During this period the eptbmatures, the seeds accumulate
storage products, lose water and acquire desicctdlerance (White, 2002) and the

fruits ceases to import carbohydrates.

Initially, the fruit enlarges through cell divisipwhich is then followed by cell expansion
(Asahira, et al., 1968; Wanggt al., 1993). Cell expansion requires an increase @ th
plasma membrane, cell wall area and hydrostatgdtuipressure. Turgor pressure is
achieved by the accumulation of osmotically acseéutes in vacuoles during the initial
phase of cell expansion. Cytosolic and apoplasiiciem ions control the accumulation of

osmotically active solutes (Ho & White, 2005).

Fruit cells expand in response to hormones sucyildserellins and auxins (Cosgrove,
2000; Ho & White, 2005; Carrari & Fernie, 2006).eBe hormonal signals trigger specific
changes in cytosolic calcium cations (fQ@,t), which in turn is responsible for the
generation of the proper developmental responsesnitiating cell expansion of the
plasma membrane and the cell wall (Cosgrove, 200hite & Broadley, 2003; Ho &
White, 2005; Carrari & Fernie, 2006). Cell wall exsion is achieved by the bonding of
wall components (Cosgrove, 2000). Concomitant tinarease in the cell wall during cell
expansion, the plasma membrane also expands. Plagmdrane expansion is achieved
through the incorporation of vesicles that contéi® materials and enzymes required for
membrane and wall construction, into the plasma bmane. Elevated levels of [E‘,'"q‘:\:yt
influence the incorporation of these vesicles (Cosg, 2000; Ho & White, 2005). While
the cell expands, the pectins in the cell wall Ineeoprogressively de-esterified and
branched through the activity of pectin methylestes. Crosslinkage by €aeventually
halts cell expansion (Cosgrove, 2000; Ho & Whi@0)%).

In addition to cell expansion, the rate of starclcumulation (Wanget al., 1993) and

several other factors such as water availabilitthe root zone, agricultural practices like
thinning, high light intensities and ambient tengteres also influence fruit growth
(Grossman & DeJond.995; Thompsomt al., 1999; Ho & White, 2005). All these factors
influence fruit growth either directly or indiregtby affecting hormone concentrations



(Taylor et al., 2004; Ho & White, 2005), photosynthesis and/or spply of photo
assimilate to the fruits (Het al., 1993).

2.2.2 PHYSIOLOGY AND BIOCHEMISTRY OF FRUIT RIPENING

Fruits can be divided into two basic groups basedheir ripening mechanisms, namely
climacteric and non-climacteric fruits. Tomatoee an example of climacteric fruits. In
climacteric fruits, ripening is initiated by ethye synthesis and a subsequent increase in
the respiration rate (White, 2002). In contrasthte climacteric fruit, the respiration rate
and ethylene levels remain low in non-climactermwitf during fruit development
(Alexander & Grierson, 2002). According to variogsnetic and biochemical studies,
climacteric fruit development is controlled by bogthylene-dependent and ethylene-
independent regulatory cascades, which alters mkdab and gene expression with
subsequent effects on fruit quality (Atherton & Rungd 1986; White, 2002; Alexander &
Grierson, 2002; Carrari & Fernie, 2006).

Ripening is a highly coordinated, complex and gea#ly programmed process that
culminates in colour, composition, aroma, flavourd atextural changes (Atherton &
Rudich, 1986; White, 2002; Alexander & Grierson,02) Tomato fruit follows a
transition from a partially photosynthetic- to adrheterotrophic fruit by the parallel
differentiation of chloroplasts into chromoplastgldhe ensuing dominance of carotenoids
and lycopene, which are responsible for the reduwobf tomato fruits (Carrari & Fernie,
2006). Ripening is non-uniform, as is evident itooo distribution (Poldeet al., 2004;
Ramandeep & Savage, 2004), and is accompaniediibys@ftening and large increases in
hexoses and aromatic amino acids namely aspaiiai@e, methionine and cysteine
(Alexander & Grierson, 2002; Carrari & Fernie, 2006

Softening and textural changes during ripening hreught about by the partial
disassembly of the fruit cell wall (Marin-Rodriguetzal., 2002). As ripening progresses,
the cell wall becomes increasingly hydrated aspihetin rich middle lamella is modified
and partially hydrolysed (Bewlest al., 2000; Marin-Rodrigueet al., 2002; Alexander &
Grierson, 2002). Cell wall loosening proceed thiouguxin-induced apoplastic
acidification and the activation of endoglycosidgaseyloglucan endotransglycosylases

(XET) and expansins that cleave the load-bearingdbaethering the wall's cellulose



microfibrils to other polysaccharides (CosgroveQ@0 The final texture of the ripe fruit is
affected by the ease with which one cell can barsged from another, a process which is

governed by changes in the cohesion of the peetifAdexander & Grierson, 2002).

The chemical composition of fresh tomato fruits elggs on factors such as environmental
conditions, ripening, maturity, cultivar, soil féity, irrigation, agricultural practices and
storage conditions (Salunkleeal., 1974; Sahliret al., 2004). Tomato quality assessments
are based on fruit colour, texture, moisture can{gmmatoes can contain up to 94%
moisture), fruit shape and size, nutrient valustetand aroma (Salunkleeal., 1974). All
these quality attributes is the result of variowsnato fruit constituents and the

concentrations in which they are found in the fruit

2.2.3 COMPOUNDS THAT CONTRIBUTE TO THE BIOCHEMICAL QUALITY
AND HEALTH BENEFITS OF TOMATOES

2.2.3.1 Carbohydrates

The carbohydrate compounds found in tomato fruiemheine the organoleptic quality of
tomatoes (Salunkhet al., 1974; Islamet al., 1996). The carbohydrate concentration is
determined by two factors: the environmental cood# during development and ripening,
and the cultivar (Islanet al., 1996). The major sugars contained in tomato fraits
sucrose, glucose and fructose (Islanal., 1996). Sugars such as free D-glucose,
D-fructose, trace amounts of sucroa&etoheptose and raffinose account for 60% of the
soluble solids in tomato fruits (Salunkkieal., 1974). Glucose and fructose are present in
approximately equal amounts but fructose contrioumere to the sweetness of tomatoes.
In general, the sugar content of tomato fruit ifuaction of the stage of maturity and
increases uniformly from green to mature fruit (8anet al., 1959; Salunkhet al., 1974).

2.2.3.1.1Fruit carbohydrate metabolism

Fruits obtain sugars either directly from photosgsis or indirectly through import from
source leaves and stems (Obiadallaekl., 2004). Obiadalla-Alet al. (2004) found that
the fruit's photosynthetic process contributes 1&%620% of the fruit's total carbon

content, even though the amount of chlorophyllha fruit is 30 fold lower than that of



green leaves. Fructose-1,6-bisphosphatase (FBPas#yity is an indicator of
photosynthetically active fruit because this enzyspresent in green fruits but not in red
fruits. Thus, reduced fructose-1,6-bisphosphatagiity indicates the transition from
photosynthetically active green fruits to ripenifi@biadalla-Ali et al., 2004). The
transition is accompanied by the decompositiontafck and a subsequent increase in
soluble sugars (glucose and fructose) and caratesyoithesis (Bikest al., 1998).

Early fruit development is characterized by symijitasucrose uptake. Sucrose is the
major photo-assimilate transported from photosyitHeaves and stems to the developing
fruits (Wang, et al., 1993). Tomato fruits are very strong sinks farbohydrates
(Wang et al., 1993). Sink strength is controlled by invertdstam et al., 1996) and is
described as a function of size and activity. S8ide is a physical restraint that includes
cell number and cell size (Wamgyal., 1993). The rate of sucrose import into developing
fruits is regulated by the sucrose concentratiadignt between the sink (fruit) and the
source (leaves and stem; Waeical., 1993). Enzymes controlling this, keep the sucrose
concentration in the fruits at a minimum to alloer the maintenance of a steep sucrose
concentration gradient between the phloem anduhewnding cells (Islanet al., 1996).
Thus, sucrose accumulation is determined by thanlal between sucrose synthesis and
degradation (Islaret al., 1996).

The initial step in sucrose metabolism takes plagmarily via the action of sucrose
synthase and results in the transient accumulatictarch (Mironet al., 2002; Carrari &
Fernie, 2006). Sucrose synthase converts sucrdasefructose and uracil-diphosphate
glucose (UDP-glucose), which is then compartmerddliin the vacuole. This is the
dominant enzyme in metabolizing imported sucroséaifh et al., 1996) and is linearly
related to the final fruit size (Wargjal., 1993).

In the next development stage, there is a tramsitiom symplastic uptake to apoplastic
sucrose uptake. Apoplastic acid invertase cataljzeshydrolyses of sucrose to hexoses
(Wanget al., 1993; Islamet al., 1996; Mironet al., 2002). The latter is then transported to
the cytosol via energy-dependent plasmalemma hetxassporters (Miroret al., 2002).

The reducing sugar concentration gradually increasgh a concomitant decrease in

sucrose accumulation and sucrose synthase adfisfigynet al., 1996).



2.2.3.2 Organic Acids

Malic- and citric acid are the two major organidédacthat contribute to the taste of tomato
fruits (Salunkheet al., 1974). Rangnekar (19@p has found that the leaves of tomato
plants exposed to calcium deficient conditions égght to ten days accumulated these
organic acids, possibly due to reduced translocaifamrganic acids from the leaves. Other
organic acids detected in tomato fruits are acatid, formic acid, trans-aconitic acid,

lactic acid, fumaric acid, galacturonic acid andxo acids (Salunkhet al., 1974).

According to Salunkhet al. (1974), as tomato fruits change from green to emiklity
increases to maximum values during the pink st&gmgor et al., 1959) after which it
decreases again towards the red stage (Salwetldhe 1974). The acidity of tomato fruit is
very important for flavour. It is also an importaactor that processors need to keep in
mind during the production of tomato products singetyric, thermophyllic and
putrefactive anaerobic micro-organisms are repcess¢ pH values below 4.3
(Salunkhest al., 1974). Thus, care should be taken not to increzselt value of tomato
fruits during processing to levels above 4.3.

2.2.3.3 Carotenoids

Tomatoes are considered to be health stimulatungsfdue to the antioxidant properties of
their main compounds of which the most importaet @rotenoids, ascorbic acid, vitamin
E, phenolic acids and flavonoids (Pol@erl., 2004). Some carotenoids have been proven
to alleviate age-related diseases when taken iiiciemt quantities due to their powerful
properties as lipophilic antioxidants. For exampeaxanthin and lutein protect against
macular degeneration arfdCarotene is known for its provitamin-A activity r@nley,
2002; Sahliret al., 2004).

There are 600 different types of carotenoids (St&hBies, 1996). Carotenoids are
isoprenoid molecules common to all photosynthetgsues. The biosynthesis and
accumulation of pigment carotenoids such [@€arotene, lycopene, violaxanthin,
neoxanthin and zeaxanthin proceed concomitant th#ghassembly of the light harvesting

antennae and reaction centres in photosynthesigdi§~rancis & Cunningham, 2002),



since they participate in the light harvesting psx (Bramley, 2002;
Botella-Pavieet al., 2004). In plants, carotenoids are also precuifeorthe biosynthesis of
abscisic acid (ABA) and play a vital role in thevdlmpment of colour in flowers and
fruits. Colour contributes to the survival of plars it attracts animals that disperse pollen
and seeds (Botella-Pawhal., 2004).

2.2.3.3.1L ycopene

The red colour of tomatoes is mainly due to thes@mee of its primary fat-soluble
carotenoid, lycopene (Stahl & Sies, 1996; Dasfisal., 2002; Bramely, 2000, 2002;
Javanmardi & Kubota, 2006), which is named after genud_ycopersicon, as tomatoes
are one of the vegetables with the highest levélyyampene (Agarwal & Rao, 2000;
Stacewicz-Sapuntzkis & Bowen, 2005).

On average, 80% to 90% of the total carotenoid ertnin tomato fruits is made up of
lycopene (Georget al., 2004). Its antioxidant activity has recently ihéeund to be more
effective than that off-Carotene,a-carotene,a-tocopherol or albumin—bound bilirubin
(Abushitaet al., 1997; Agarwal & Rao, 2000).

Lycopene and other plant carotenoids are synth@sine photosynthetic- and non-
photosynthetic plastids (Francis & Cunningham, 2002arotenoids are structurally
tetraterpenes derived from five carbon isopentatiphosphate (IPP) units and their
isomers, dimethylallyl diphosphates (DMAPPSs). Thige 5-carbon isoprene compounds
are the universal precursors of all isoprenoid coumgls (Francis & Cunningham, 2002;
Bramley, 2002; Botella-Pavi al., 2004).

Plants synthesise IPP and DMAPP via two indepengethways in two different
compartments; the mevalonic acid (MVA) pathway (e 2.2), which produces
cytosolic/endoplasmic reticulum IPP, and the paatichethylerythritol phosphate (MEP)
pathway (Francis & Cunningham, 2002; Bramley, 2@&gella-Pavieet al., 2004; Ahn &
Pai, 2008). Isopentenyl diphosphate (IPP) and DMARPcondensed in their respective
compartments to yield prenyl diphosphates of irgirep size that serve as the starting
point for the multiple branches that lead to thmalffisoprenoid products (Figure 2.2). The
enzyme, geranylgeranyl diphosphate (GGPP) synthast@lyzes the reaction between

10



three IPP units and one DMAPP unit to yield GGPRyufe 2.2). Geranylgeranyl
diphosphate (GGPP) is the immediate precursorhierfitst Gy carotenoid, phytoene, as
well as for the biosynthesis of gibberellins ande tphytol tail of chlorophylls,

phylloquinones and tocopherols.

The condensation of two molecules of GGPP formgigPphytoene (Figure 2.2) and is
catalyzed by phytoene synthase (PSY; Bramley, 2002yo structurally similar
membrane-bound enzymes, phytoene desaturase (Pld%)carotene desaturase (ZDS),
convert phytoene vig-carotene into an open hydrocarbon chain that co#0 carbon
atoms (Rao & Agarwal, 1999), namely lycopene (Fegar2). Lycopene contains 11
conjugated double bonds and two non-conjugated ldohbnds (Stahl & Sies, 1996;
Agarwal & Rao, 2000).

There are basically two different forms of lycopenamely cis-lycopene andtrans-
lycopene (Wertzet al., 2004; Lin & Chen, 2005). Light, thermal energy acttemical
reactions induceis-trans isomerisation in lycopene as a polyene chain (fgh& Rao,
2000). The bioavailability otis-lycopene exceeds that tfans-lycopenein vitro andin
vivo. (Wertzet al., 2004; Lin & Chen, 2005). However, lycopene predaamily exists in
the alltrans configuration, the thermodynamically more staldenf (Stahl & Sies, 1996,
Agarwal & Rao, 2000). The long chromophore in tlodyene chain accounts for the red
colour of lycopene (Bramley, 2000). In tomato frlyicopene has a half-life of about two
to three days (Rao & Agarwal, 1999). The cyclisatmf lycopene creates a series of
carotenes that have either t@eaings or one-ring and ones-type. Lycopene3-cyclase
(LYCb) adds twop-rings to the symmetrical lycopene substrate produ@-carotene
(Figure 2.2) and eventually absisic acid (ABA). bpenee-cyclase (LYCe) adds one
e-ring to the lycopene substrate that leads to tlemteial production of lutein (Francis &
Cunningham, 2002).

Lycopene and other carotenoids suclfasrotene and-tocopherol, play a vital role in
the protection of the photosynthetic apparatus fexoessive light energy by quenching
triplet chlorophylls, superoxide anion radicals amuglet oxygen (Rao & Agarwal, 1999;
Agarwal & Rao, 2000; Bramley, 2002; Botella-Pawa al., 2004). The number of
conjugated double bonds, and to a lesser extergriiggroups, determine the quenching

activity of carotenoids (Stahl & Sies, 1996). Setgixygen (Q) quenching takes place via
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two mechanisms: physical and/or chemical quenchiffie singlet-oxygen-quenching
ability of lycopene is twice that of-carotene and ten times that aftocopherol
(Agarwal & Rao, 2000; Sahliet al., 2004).

MVA Acetyl-CoA G3P + pyruvate

MEP
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HMG-CoA v
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/ a-carotene
Zeaxanthin

Figure 2.2: The MVA pathway in the cytosol and the MEP pathwaythe stroma of
photosynthetic- and non-photosynthetic plastidsesehbiosynthetic pathways produce
tetraterpenes such as carotenoids. Carotenoiddleareed from the five carbon unit
isopentenyl diphosphate (IPP) and its isomer, diylaellyl diphosphate (DMAPP;
Francis & Cunningham, 2002; Bramley, 2002; Bot&llasaet al., 2004).
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Lycopene’s biological activities in humans includenglet oxygen (Q) quenching,
scavenging of peroxyl radicals, induction of celleell communication and modulation of
hormones, the immune system, growth and other roktaiathways (Stahl & Sies, 1996;
Gerster, 1997; Agarwal & Rao, 2000; Sahdiral., 2004; Wertzet al., 2004). Lycopene
may also protect against the oxidation of lipidst@ins and deoxyribonucleic acid (DNA,;
Agarwal & Rao, 2000; Bramley, 2002; Werg&t al., 2004; Stacewicz-Sapuntzkis &
Bowen, 2005). Oxidative DNA damage causes DNA nmnat which is implied in cancer
initiation (Agarwal & Rao, 2000; Wertet al., 2004). A study by Stacewics-Sapuntzakis
and Bowen (2005) concluded that the increased entalk tomato sauce may induce
apoptosis in some tumour cells such as prostateecatells (Agarwal & Rao, 2000),
mammary cancer cells (Agarwal & Rao, 2000), endaaletcancer cells and
promyelocytic leukemia cells consequently arrestoamcer progression (Giovannucci,
1999; Rao & Agarwal, 1999; Bramley, 2002; Westzl., 2004; Stacewicz-Sapuntzkis &
Bowen, 2005). Evidence exists that suggest thabvplgne is also beneficial for the
prevention of coronary heart disease and cancdisdting, stomach, pancreas, colon and
rectum, esophagus, oral cavity, and skin (Giovaonut999; Rao & Agarwal, 1999;
Agarwal & Rao, 2000).

Whether the effects of lycopene on cancer arrest samgular or synergistic is still
unknown. The reports published so far vary consiolgr However, the possibility of a
synergistic action with other phytochemicals sustglycoalkaloids, phenolic compounds,
salicylates and carotenoids other than lycopenenratoes cannot be ruled out as it is well
known that salicylates possess an anti-inflammagmiion and quercetin inhibits the

prostate androgen receptor (Stacewicz-Sapuntzi@s\w&en, 2005).

Factors such as environmental conditions, cultiad ripening stage (Ramandeep &
Savage, 2004; Javanmardi & Kubota, 2006) influetiee lycopene concentration in
tomatoes. In different tomato cultivars lycopenaaantrations can range from 77 mg:*kg
to 150 mg. kif. The choice of cultivar is therefore important whgcopene concentration
is considered (Moraret al., 2004). According to studies by llahy and Hdid2007),
lycopene accumulation in tomato pulp and skin milar and both are affected by the
ripening stage. They found that lycopene accunuastarted after the yellow stage and
increased until the red stage. Skin lycopene dserkaharply during the overripe stage
(lahy & Hdider, 2007).
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Studies by Sahliret al. (2004) also showed that differences exist betwibenlycopene
concentrations of field-grown- and greenhouse-grdamatoes. Generally, field-grown
tomatoes have been reported to have higher lycopetencentrations
(52 mg. kg fresh mass to 230 mg. kgresh mass) than greenhouse-grown tomatoes
(10 mg. kg fresh mass to 108 mg. kdresh mass), possibly due to differences in light
intensity (Sahlinet al., 2004). A study conducted by Gautetral. (2005), found that a
drastic reduction in photosynthetic light (97%) uedd thep-carotene and lycopene
content, and consequently the red colour of tonsatby 21% (Gautieet al., 2005).
Exposure to photosynthetic active radiation (PAd)d more specifically blue light, led to

increased levels of lycopene ghwdarotene (Grumbach, 1984; Gauteal., 2005).

2.2.3.3.1.1 The effect of storage conditions and fruit processing operations on lycopene
stability

It appears that the lycopene concentration remaimshanged during the multi-step
processing operations of juice and paste produdifaarwal et al., 2001). However,
storage does have an influence on the lycopeneeotnation of these juices and pastes.
Lin and Chen (2005) have shown that the lycopemeect of these juices and pastes were
degraded under different storage conditions. Th&pared tomato juice by pulverizing
tomatoes at 82°C, after which they autoclaved i 24t°C for 40 seconds. The juice was
then stored under dark and light conditions at £%°C, and 35°C for 12 weeks (Lin &
Chen, 2005). Their results showed that light, iasheg temperatures and long storage
periods enhance the degradation and isomerisatioallotrans- and cis-isomers of
lycopene (Lin & Chen, 2005).

In a separate study by Javanmardi and Kubota (206%&h fruit from hydroponically-

grown tomato plants were stored at 5°C and 12°Qvior consecutive weeks. Storage at
5°C inhibited weight loss and increased the lycepammcentration, total soluble solids and
antioxidant activity compared to the fruits stoedl2°C. In contrast, the fruits stored for
seven days at room temperature (control), displagmtanced weight loss and loss of

lycopene concentration and antioxidant activityw@ranardi & Kubota, 2006).
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2.3 BLOSSOM-END ROT

2.3.1 INTRODUCTION

First described by Galloway in 1888 as black-roayor et al., 2004), blossom-end rot
(BER) is a non-infectious nutritional disorder bfcopersicon esculentum (tomatoes),
Capsicum annuum (pepper fruits),Solanum melongena (eggplants) ancCitrullus lanatus
(watermelon). Fifty-six years later, in 1944, Rgleiand Chucka were the first to find
evidence that calcium is involved in the occurreotBER (Tayloret al., 2004). Blossom-
end rot may cause substantial yield and finanos¢és (Tayloet al., 2004; Ho & White,
2005). Up to 70% of a tomato yield can be lost t&RBdepending on the cultivar,
environmental conditions and agricultural practigegp://www.ipm.uiuc.edu/diseases;
Tayloret al., 2004).

Blossom-end rot is caused by a local calcium deficy during the first few weeks after
anthesis when fruit development enters the stageapifl fruit growth (Sonneveld &
Voogt, 1991; Haet al., 1999; Marcelis & Ho, 1999; Taylat al., 2004), and the vegetative
parts of a plant are unable to meet the fruit telifcium demands. Calcium is a structural
component of cell walls and membranes, serves @gasolic signal that regulates the
process of cell expansion and serves as a couatiercin enlarging vacuoles
(Hoet al., 1993; White & Broadley, 2003).

However, excess calcium can be just as damagimagdasiciency (Jiang & Huang, 2001).
Excess calcium might lead to the inhibition of geration and a reduction in growth rates.
Symptoms of excess calcium in cultivated tomateesl Ito the development of calcium
oxalate crystals that appear as small, yellow 8aokthe cell wall around the calyx and the
shoulders of the fruit (Nukaygt al., 199%&b; White & Broadley, 2003). Excess calcium

may also cause a Mg or Kleficiency (http://www.cartage.org).

Studies by Ho and White (2005) found that BER hassheen reported for wild tomato

species. However, a wide spread occurrence of BE®Rfaund amongst greenhouse- and
field-grown tomatoes in all areas of the world, mwhough these tomato plants are
cultivated in soil/nutrient media with adequate caah concentrations. These results

suggest that certain cultivation and environmeaotaiditions disrupt the balance between
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calcium supply and calcium demand in distal frisistie, especially during periods of rapid
fruit expansion (Marcelis & Ho, 1999). Calcium ntitn is therefore neither a primary,
nor an independent factor in the development of BHWarcelis & Ho, 1999;
Ho & White, 2005).

2.3.2 SYMPTOMS AND OCCURRENCE OF BER

The hypothesis for the induction of BER in tomatassbased on the fact that all
environmental and genetic factors that influenee dhcurrence of BER, either affect the
rate of cell expansion, or the delivery of calcitonyoung tomato fruit (Hat al., 1993;
Marcelis & Ho, 1999). Blossom-end rot only occurdlistal fruit tissue one to three weeks
after anthesis when fruit growth is marked by asghaf rapid growth before the
development of any locular tissue. Rapid cell eggamand vacuolation is characteristic of
this phase (Sonneveld & Voogt, 1991; Marcelis & H899; Hoet al., 1999; Tayloret al.,
2004). Vacuoles enlarge during rapid cell expansaod sequestrate calcium. During
periods of limited calcium supply, the enlargingwale’s sequestration of calcium could
starve the cytoplasm or the apoplast of‘Ca reduction in apoplastic calcium cations
([Caz*]apomas) and [Cé*]cyt can result in impaired cell wall properties, stunal weakness,
precocious cell expansion, alterations in the paasnembrane permeability, unregulated
solute fluxes and aberrant responses to envirorahentdevelopmental signals, leading
ultimately to uncontrolled cell death. This causles formation of watery, discoloured
brown necrotic tissue at the blossom-end of thisfiirigure 2.3), symptoms characteristic
of BER (Suzukiet al., 2000; Ho & White, 2005; http://www.uvm.edu). Thiise calcium
concentration in BER affected fruits are not neasbslower than in unaffected fruit
tissue since the vacuolar calcium concentratioridestill be high (Ho & White, 2005).
Consequently, predicting and preventing the ocoueeof BER from measuring the
calcium status in plants is not effective, sinceRBBccurs in plants and fruits with

apparently adequate tissue calcium concentrations.

Blossom end rot also manifests in internal symptdmternal BER, also known as black
seeds, entail the development of necrotic regiortee parenchyma tissue surrounding the
young seeds and the distal placenta (Ho & Whit@520These internal symptoms are an

earlier phase in the development of BER, or evidefa milder case.
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Figure 2.3: A tomato fruit displaying external symptoms of BERhe collapse of cells in
the epidermis and subepidermal parenchyma, thepisn of the plasma membrane and
tonoplast, a wavy shaped cell wall, broken mitoch@ membranes and endoplasmic
reticulum (ER), the degeneration of organelles awdllen plastids etc. (Suzukt al.,
2000), lead to the appearance of a sunken lesiotheatblossom-end of the fruit
(Suzukiet al., 2000; Ho & White, 2005; Photographs by Dr. GP Raiti).

The length of the asymptomatic period is not aéfddby the growing stage of the plant
during which a calcium stress is experienced. ésdoowever, have a significant effect on
the severity of the BER symptoms (Sonneveld & Vo@§01).

2.3.3 DEVELOPMENTAL AND ENVIRONMENTAL FACTORS INFLU ENCING
THE INCIDENCE OF BER

Any factor disturbing the relationship between eait demand and supply has the ability
to induce BER (Ho & White, 2005). Calcium demandésermined by the requirements of
the fruits and leaves, while calcium supply is defsnt on calcium uptake by the roots and
the transportation thereof through the plant. Cafcis taken up by the roots from the soil
solution and delivered to the shoots via the xyl€ualcium may enter the roots either
through the C&-permeable channels located in the plasma membohrke cells, or
through the spaces between the cells (White, 2Wite & Broadley, 2003). Calcium
movement through the plant and its accumulationfruits are correlated to the
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transpirational movement of water (Sonneveld & Mod§91; Hoet al., 1999; Marcelis &
Ho, 1999; Tayloet al., 2004), suggesting that rapidly growing transpireaves or stems,
that have a higher surface area than fruits, actomspeting sinks with fruits for the

directional flow of calcium and water (Tayleral., 2004).

Ho et al. (1993) proved that the physiological basis fa Husceptibility of tomatoes to
BER, is a relationship between fruit developmernt anvironmental conditions (Marcelis
& Ho, 1999). The extent to which environmental dtiods influence the induction of

BER varies with different cultivars and the susisluty of the cultivars to BER.

Cultivars have specific fruit shapes and sizes thtiience the induction of BER. For
example, plum tomatoes are more susceptible to BBR round tomatoes. Based on these
observations, the susceptibility of cultivars to BEs apparently influenced by the
distribution of their xylem network (Het al., 1993). During fruit expansion, the density of
the xylem vessels decreases resulting in fewemanewer xylem vessels at the blossom-
end of the fruit in comparison to the proximal enthis in turn decreases the
xylem:phloem ratio towards the distal end of thatf(Ho et al., 1993). After the phase of
rapid fruit expansion has been completed, only sivmle functioning strands of xylem
remain in the placental tissue even though themyletwork increases in the pericarp (Ho
& White, 2005). Cultivars less susceptible to BE&dn better developed xylem networks
and higher calcium concentrations in the distalseoidtheir fruits when compared to the
fruits of susceptible cultivars (Ha al., 1993; Marcelis & Ho, 1999).

Several environmental factors such as relative dityni(Ho et al., 1999), nutrient
composition, salinity/osmotic strength of the seilution/nutrient media, root zone
temperature, anoxia, drought, uneven watering &edintteractions between light and
temperature on fruit enlargement, may influenceuptake and portioning of calcium to
the fruits and therefore the incidence of BER (Eal880; Hoet al., 1993; Saure, 2001;
Adams, 2002; Ho & White, 2005; Napier & Combrink(0B).

Each leaf requires a certain minimum transpiratiate to ensure a sufficient calcium

supply (Adams & Ho, 1993). The minimum transpiratrate of older, more mature leaves
is greater than that of younger leaves and fréita(ns & Ho, 1993; Tayloet al., 2004).
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Therefore, under conditions of very high (> 90%3 &ow relative humidities, fruits and
younger leaves are by-passed, as they represehttraeapiration sinks. Consequently, a
local calcium deficiency develops in the fruits araing leaves of the plants exposed to
these conditions, eventually leading to the devalemt of BER (Adams & Ho, 1993;
Tayloret al., 2004) and tipburn (Berghoef, 1986).

As mentioned earlier, nutrient composition and tbe@cium concentration in the
soil/nutrient media affect the uptake of calciuneri@in mineral stresses that inhibit the
uptake of calcium or promote the synthesis of iaarg acids that chelate calcium, might
exacerbate a period of limited calcium supply. Awreéase in ions such as NH
(Nukayaet al., 199%), Na', Mg** (Joséet al., 1994) and K antagonize C& uptake since
ion uptake decreases as the valence of the iorsaise (Tayloet al., 2004). However, the
addition of NQ to soil/nutrient medium stimulates calcium uptakieut high
concentrations may also promote BER as this nutggmulates vegetative growth, thus
promoting a large canopy which subsequently in@®astranspiration rates
(Tayloret al., 2004; Ho & White, 2005).

Other factors that also influence the uptake otioat are salinity or osmotic stress, low
root zone temperature, anoxia and drought. Alhese factors reduce the uptake of water
and therefore also the uptake of calcium as thakepof the latter is directly proportional
to water uptake (Hoet al., 1995; 1999; Adams, 2002; Tayloet al., 2004;

Ho & White, 2005).

Uneven watering also proves to be detrimental toiwa distribution in plants. Moisture
fluctuations during periods of rapid plant and figiowth may create a moisture stress and
an imbalance between the supply of calcium to thi#sfand the calcium demand of the
fruits, limiting calcium distribution to the fruitSayloret al., 2004; Ho & White, 2005).

A relationship also exists between the occurrerid@=R, average daily light intensity and
temperature during periods of rapid fruit growthdarell expansion (Heet al., 1993;
Marcelis & Ho, 1999). High light intensities andrtgeratures during the early stages of
fruit development, which is characterized by rapuit growth, cause a local cellular

calcium deficiency in the fruit. These environmerid&tors create a large calcium demand
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during a period of rapid fruit growth by increasitige metabolic functioning and growth
rate of rapidly expanding fruit cells. When theeraif fruit growth creates a calcium
demand that exceeds the rate of calcium supply, BHRIevelop, even in the presence of
sufficient quantities of calcium. In addition toethelationship between light intensity,
temperature and rapid cell growth during the eatges of fruit development, very high
and low light intensities, relative humidities atemperatures can cause the preferential
distribution of the transpiration stream to strangeanspiration sinks such as mature
leaves, by-passing the weaker sinks such as thds fr(Ho et al., 1993;
Marcelis & Ho, 1999).

2.3.4 PREVENTION OF BER

In order to prevent or reduce the occurrence of B§sbd management practices that
optimise C&" uptake and accumulation in young fruits, shouldubed. One such practice
is the optimisation of the mineral composition loé thutrient media/soil by avoiding high
salinities and adjusting the pH to values betwe&rt®6.8 or by avoiding excessive NH
K* and Md" concentrations while maintaining adequate **Caconcentrations
(http://www.wsutoday.wsu.edu). Rapidly growing gkrwith large fruit loads require
large amounts of NQ K* and increased G&oncentrations. In order to avoid a temporary
reduction in the uptake of €afrom the soil/nutrient solution, the*KC&" ratio should
never exceed 2:1. A ratio larger than two will favehe uptake of K(Ho et al., 1999).
Furthermore, the maintenance of adequate P leseldsp important since low P fruit
levels hamper the movement of #o the distal end of the fruit. Phosphorus (Pjhie

nutrient/soil solution should be maintained betwéérmppm and 50 ppm (Ha al., 1999).

It is recommended that soil analyses should be goioe to planting. Calcium deficient
soil should be treated with 567 kg. h 1134 kg CaC® ha* several months in advance
of planting (http://www.ces.ncsu.edu; http://pubeg.uga.edu). Jost al. (1994) found
that the addition of protein hydrolysates to CaGxreases the efficacy of Cag@®
reduce the occurrence of BER. Protein hydrolysates essentially amino acids and
peptides of low molecular weight, which is easibsarbed by plant roots and transported
to other organs. Amino acids also strengthen cedlllsvand increase membrane

permeability. They found that fertigation of 35-éalg tomato seedlings with protein
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hydrolysates 5 and 15 days after transplantatimereased the calcium concentration and
Ca: Mg ratio of fruits (Josét al., 1994).

Other examples of good management practices arm#igtenance of healthy roots and
water levels, the prevention of extreme root termpges and root pruning

(http://www.uvm.edu).

Amongst established tomato plants displaying BER@pms, BER can be reduced by
spraying young tomato crops with cations such & @aSr, which replenish the calcium
stores or stabilizes the membrane structure @Hal., 1999; Ho & White, 2005).
According to industry specifications, and studiemducted by Ho and White (2005),
spraying should start as soon as the first symptoftBER appear. Blossom-end rot is
treated on a weekly basis for three or four appbos with 0.25% to 0.5% Cagfbr
CaNG;, respectively (Ho & White, 2005; www.pubs.caes.ada). Ho and White (2005)
found that a weekly spray of 0.5% (w/v) Ca@duced the occurrence of BER up to 40%
(Ho & White, 2005).

Other management practices that aim to improvauwal@accumulation in fruits, optimise
calcium delivery to the fruits in the transpirati@tream. One example of such a
management practice, is de-leafing greenhouse-gtomatoes. This technique involves
the removal of leaves from behind the flower trirs¢he upper areas of the plant during
the initial establishment phase of the crop addbhees compete with the developing truss
for assimilates. Removal of the leaves will therefdirect more moisture and assimilates
into the developing truss, consequently promotirenegative development and fruit
growth (Hoet al., 1999). The older leaves at the bottom of the plaars be removed
under conditions of low and high relative humiditi@his will allow the partial regulation
of C&* movement by directing more €atowards the fruits and younger leaves.
Moreover, the bottom leaves contribute little tee thhotosynthetic gain of the plant
(Subrahmanyam & Rathore, 2005). During de-leaflmgre is a risk oBotrytis infection.

To minimise the risk oBotrytis, de-leafing should take place during the mornm@ltow
enough time for the wounds to dry (H® al., 1999). Another method of improving
calcium delivery to the fruits of greenhouse-growomatoes, is by avoiding light
intensities and temperatures that will stimulaghhranspiration rates. Partial shading for

example, will reduce the light intensity and tengtere in the canopy. Selecting the light
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intensity at which to start shading will dependtba vigour of plant growth and how far
into production the crop has progressed (Ho & WIZGO5).

2.4 CALCIUM

In addition to good management practices and arerstehding of the environmental
factors that influence the induction of BER, knodge of fruit calcium physiology at
cellular level is necessary to aid in the preventad BER. For example, knowledge
regarding the role of calcium in cell functioningi®in selecting cultivars that are resistant
to BER (Ho & White, 2005; http://www.wsutoday.wsdg. This selection might consider
a range of growth characteristics such as (Ho &té/@005):

. Fruit shape.

. Fruit size.

. Fruit: leaf ratio.

. The response of fruit cell expansion to light agmhperature.

. The efficiency of calcium transport to and withivetfruit.
2.4.1 THE FUNCTIONS OF CALCIUM IN PLANTS

Calcium, as an essential macronutrient, fulfilsaaiety of important roles in plant cells
(Supanjaniet al., 2006). In addition to its structural roles, it issential for cell division,
cell expansion, [@Cyt perturbations, which is necessary for cell signgll and it
functions as a counter cation for inorganic andaoig anions in the vacuole (Jiang &
Huang, 2001; White, 2001; Supanjatial., 2006). Studies by Jiang and Huang (2001)
showed that calcium increases antioxidant and eazctivities. They found that calcium
increased the activity of catalase, ascorbate paaeg and glutathione reductase during
heat stress irFestuca arundinacea and Poa pratensis. Calcium is also required for
carbohydrate translocation, protein and nucleid agnthesis and basipetal auxin transport
(Poovaiah & Leopold, 1973; Terry & Huston, 1975;sGettet al., 1977; Fuente, 1984).
Evidence has been found that suggests that calaffetts abscission. Studies have shown
that the application of calcium solutions to beatigles can inhibit or prevent the progress

of abscission (Poovaiah & Leopold, 1973). The éftdccalcium on abscission is ascribed
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to the formation of salt bridges in the membranevben pectic components, and in large
part, to the delay of senescence development (Fadogal.eopold, 1973).

Calcium also regulates guard cell tugor and stomgpening (Jiang & Huang, 2001;
White, 2001). Transpiration is a major determinamtplant productivityand stress
management and takes place through the stomataa{dveiral., 2001; Dietrichet al.,
2001). The opening and closure of stomatal poresassociated with large changes in the
K" levels of the guard cells (Irving al., 1992). Opening of the guard cells is induced by
light, low carbon dioxide concentrations, low huitydevels, indoleacetic acid (IAA),
fusicoccin, cytokinins and an increase in thé Boncentration of the guard cells
(Irving et al., 1992). Elevated levels of carbon dioxide, darknesseased humidity and
ABA induce the closure of stomatal openings (Irveigal., 1992; Murataet al., 2001;
Proki et al., 2005). The closure of stomata is associated wighntbvement of K out of
the vacuole across the plasma membrane and awr[émﬁ*]cyt. Cytosolic C4" elevations
activate slow-activating sustained- (S-type; Sctlene& Hagiwara, 1989; Muratet al.,
2001) and rapid transient (R-type; Hedrighal., 1990) anion channels (Proket al.,
2005). These channels mediate the release of afiomsthe guard cells to depolarise
them (Prokt et al., 2005). In turn, the change in membrane potentiattieates inward-
rectifying K* (K'i,) channels and activates outward-rectifying KK'ou) channels
(Schroedeet al., 1987), causing a net ion release ofdfd a tugor reduction that closes
the stomata (MacRobbie, 2000; Murataal., 2001; Prokt et al., 2005). The regulation of
the opening and closing of stomata by calciumwalthe uptake of sufficient quantities of
carbon, which is essential for photosynthesis @J&itHuang, 2001; White, 2001).

Strong evidence has also been found for the impogtaof calcium for the process of
photosynthesis. Studies of photosynthesis andhb&pynthetic efficiency of salt stressed
rice leaves showed that the addition of Qacreased the chlorophyll content, proline- and
soluble sugar concentration of the leaves (Skikg-Politet al., 1998; Zhuet al., 2004).
Similar results were found when heat stressed gsasere treated with calcium. Calcium
treatment of these grasses improved the qualityerwand chlorophyll content of grasses
studied. These results are consistent with thatddor several other plant species (Jiang
& Huang, 2001). Moreover, photosystem Il efficasypromoted when the intrathylakoid
calcium is high (Brand & Becker, 1983; Skdfizka-Polit et al., 1998). Evidence

supporting calcium’s function in the water-spligitromplex and the reaction centre of
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photosystem Il have also been found (Brand & Beck®83). Calcium cations (€2 also
appear to regulate the distribution of energy betwphotosystems | and Il, the thermal
stabilization of photosynthetic membranes, the ibigdof plastocyanin to membranes,
thylakoid stacking and stimulation of electron spart activities (Brand & Becker, 1983).
Calcium may also modulate the phosphatase enzyméseicarbon reduction cycle, as
well as the regulation of chloroplast NARinase activity through calmodulic like protein
(Brand & Becker, 1983). A calcium deficiency appdhe seems to impair photosynthesis
by damaging the chlorophyll lamellae (Terry & Hustd975; Rangnekar, 1986 A study
conducted on tomato leaf tissue, found a 50% loslorophyll after eight to ten days of
calcium deprivation and a 30% reduction in the phpithetic rateRangnekar, 197%.

In addition to influencing photosynthesis and copsmtly carbohydrate production,
calcium is also important for the selective uptalfe ions, especially under saline
conditions when N uptake is inhibited (Rains, 1972; Waetdhl., 1986). The addition of
cd" to soil/nutrient solutions under saline conditi@mhance N© uptake. It increases the
activity of NO;™ transporters and reduces the time period neededebNQ™ transporters

to reach constant rates of Ni@ansport (Warct al., 1986).

Calcium cation perturbations also link specific ieowmental and developmental stimuli to
the appropriate physiological responses (White, 12@upanjanit al., 2006). Calcium’s
ability to couple a large array of signals and oeses enable wound signalling and the
activation of the plant’s defence system agairtsingited microbal invasion and pathogen
infection (Reymondet al., 1996; Leén et al., 1998; 2001; Blumeet al., 2000;
Lecourieuxet al., 2006).

2.4.2 CALCIUM UPTAKE AND MOVEMENT TO THE SHOOT

For a C&" to move from the soil solution to the tracheamneénts or root stele, the ion
must move through the epidermis, exodermis, centndéx and endodermis. However, the
Casparian band of the endodermis is impenetrablent® Thus, the development of the
Casparian band influences the movement &f @am the soil into the xylem (Cholewa &
Peterson, 2004). The endodermis cells develophrietdifferent states. During the first
two states of development, calcium can move freélefgugh the endodermal cells, but

during state three, calcium delivery to the xyldmotigh the enodermal cells is severely
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restricted even though the cells are still conréecte the cortex and stele via
plasmodesmata (White, 2001). Calcium destinedherxiylem, then enters via the calcium
ion permeable channels on the cortical side ofthgparian band, from where it is actively
exported by the plasma membrané'caTPases or CGd/H" antiporters of cells within the

stele. Regulating the expression and activity @séhtransporters will allow the cell to
deliver calcium selectively to the xylem at a ratmsistent with the requirements of the
shoot (White & Broadley, 2003). This method of aahe uptake is termed, the symplastic

route.

The delivery of calcium to the xylem is restrictedthe root tip where lateral roots are
initiated (White, 2001; White & Broadley, 2003). ®to the presence of lateral roots, the
Casparian band between the endodermal cells aentabsid/or the endodermal cells
surrounding the stele are unsuberized (White, 200hplewa & Peterson, 2004,
Supanjanket al., 2006), therefore allowing the transport of wated divalent cations to the

shoot. The transport of water and cations via fhem is known as the apoplastic route.

Both the symplastic- and apoplastic route have agerdistinct disadvantages and
advantages. Cells avoid €aoxicity by maintaining low cytosolic concentrai® of free
cd* (Jiang & Huang, 2001). However, the shoot of theprequires large quantities of
calcium, which would imply toxic levels of cytosolcalcium concentrations since it is
impossible for the symplastic route to maintain I[ﬁ/az*]cyt for cell signalling and supply
the aerial parts of the plant with enough calcium maintain healthy growth
(Clarkson, 1984). The functional separation of aasic C&" fluxes for transfer to the
shoot, and symplastic €afluxes for cell signalling, will enable the roots fulfil the
calcium demand of the shoots without compromisintgacellular [Cé*]cyt signalling
(White 2001; White & Broadley, 2003; Cholewa & Rsten, 2004). At low transpiration
rates, transmembrane solute fluxes will dominatabse less Ghare transported via the
apoplastic route (White, 2001).

A disadvantage of the apoplastic route, is its selectivity for divalent cations. This route
runs the risk of accumulating toxic levels of setuin the shoot. In contrast, one of the
great advantages of the symplastic route is iesctiglty and the ability to control the rate
of calcium transport to the shoot (White, 2001; W& Broadley, 2003).
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2.4.3 CALCIUM MOVEMENT IN THE CELLS: CALCIUM WAVES

Once inside the cells, calcium is not freely molniléhe cytoplasm and binds easily to the
many proteins that are attached to the cytoskelemn membrane surfaces
(Trewavas, 1999). Thus, calcium movement througlc#il is established through calcium
waves. The discovery of inositol phosphates)(fifovided clarification regarding calcium

movement by means of wave formations (Trewavas9)199

Phospholipase C is bound to the plasma membrane aatidated by cell signals.
According to Trewavas (1999), phosphatidylinosi@phosphate (PHpis the substrate
for phospholipase C. Upon the activation of phodipase C, PIR is hydrolyzed to
diglyceride and inositol phosphate {JRnositol phosphate (4P is mobile in the cytoplasm
and can bind to an jRhannel. The binding of §to an IR-channel briefly exposes a
calcium-binding site. In the absence of calciune, thannel rapidly deactivates, but in the
presence of calcium, the binding site is occupisdi the channel opens. Inositol phosphate
(IP3) channels therefore need both #hd calcium to open (Trewavas, 1999). The binding
of calcium only delays the eventual zlependent channel inactivation via protein
phosphorylation (Trewavas, 1999). Mobilization aflatum through an WP dependent

channel is brief and self-limiting, effectively gdang against spontaneous opening.

The calcium concentration surrounding-tlependent channels increases upon opening,
subsequently causing the opening of nearby suringn@;-dependent channels. Calcium
is therefore needed to induce the release of mal@um. This action forms the basic
structure of a calcium wave. A wave is not the fardvmovement of calcium, but rather a
forward release of calcium (Trewavas, 1999). lmdgihosphate (I5-sensitive channels
are located in the vacuole, ER and plasma membranuggesting the movement of
calcium across these membranes (Trewavas, 1999).

Calcium cations (Cd), for calcium waves, are either imported from #p®plast across
the plasma membrane or from intracellular calcidores (vacuoles, vesicles, cell wall,
ER, mitochondria and possibly the Golgi vesiclésptigh C4" permeable channels. The
remaining calcium in the cell, after protein bingliand transport to organelles, is termed

‘resting’ calcium (Trewavas, 1999).
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The storage of calcium in organelles creates @elaamical calcium concentration
gradients between the cytoplasm and the cell wall &he cytosol and organelles
(Trewavas, 1999). Calcium-channel proteins allo ftaw of calcium from the cytosol to
other cellular compartments in response to a waonédevelopmental and environmental
signals. Calcium from the various calcium storesern the cytosol down the
electrochemical gradient. Different types of chdsnare responsible for the flow of
calcium between the cytosol and the various calcatores. Membrane potential or
secondary messengers activate these channels. @fteincrease in the cytoplasmic
calcium levels, the channels immediately close @gpgendent calcium-ATPases transport
the calcium back to intracellular stores and tHeveall, restoring [Cé*]cyt to resting levels
(Trewavas, 1999). The transient elevations of gaicimay last anything from a few

seconds to a few minutes.

2.4.3.1 The calcium transporters in cellular membraes that contribute to the

generation of calcium waves
2.4.3.1.1Ca*" efflux from the cytosol through Ca®*-ATPases and H/Ca?*-antiporters

After an elevation in [C?d]cyt, calcium levels return to a resting state by theaweah of
Ccd* from the cytosol against an electrochemical gratdigther to the apoplast or the
intracellular organelles (Supanjasi al., 2006). The removal of G& requires active
transport and the expenditure of cellular energg Bncatalysed by G&ATPases and
H*/C&* antiporters (White & Broadley, 2003).

The calcium pumps and antiporters most likely foammultiplex system within the

membrane (Harper, 2001). Calcium cation-ATPaseschwhas a high affinity but a low

capacity for C& transport, are responsible for maintaining 2[?]‘@( homeostasis in

unstimulated cells, while the *KC&*-antiporters, which has a low affinity, but a high

capacity for C&' transport, are responsible for the removal of' @@m the cytosol during

[Ca"]ey signalling (White & Broadley, 2003). The' K& *-antiporters usually require a

stoichiometry of at least three (3HC&"; Sanderst al., 2002). The removal of [C§cy

to either the apoplast or organelles makes nornegdioolic functioning possible by:

. Maintaining low [Cé*]cyt levels in unstimulated cells for appropriate cyésmic
metabolism (Sandegs al., 2002; White & Broadley, 2003).
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. Restoring [Cé*]cyt to resting levels after calcium perturbations (WH& Broadley,
2003).

. Replenishing intracellular and extracellular ?Catores,which permits [é‘acyt
signalling and the generation of local fC]aﬂ oscillations through the interplay of
calcium pumps and antiporters with calcium catibarmels (Sandert al., 2002;
White & Broadley, 2003).

. Providing the ER with C4 making normal secretory system functioning possibl
(Sanderst al., 2002; White & Broadley, 2003).

«  Removing divalent cations such as #¥gMn?*, Ni?* or Zrf* from the cytosol to
support the specialized functioning of certain oejees as well as preventing
mineral toxicity (White & Broadley, 2003).

2.4.3.1.2Calcium influx to the cytosol: calcium channels

An elevation is [Cﬁ]cyt requires the influx of calcium to the cytosol thgh C&"
permeable channels. The principle role of thesamdla is cell signalling, which is made
possible by the presence of diverse classes ofggameable channels in the membrane
allowing physiological flexibility (White, 2000; Wte & Broadley, 2003). Calcium
permeable channels are divided into three differelasses based on their voltage—
dependence (White & Broadley, 2003):

1) Depolarisation-activated cation channels (DACC)egal types have been observed,
but all are permeable to both monovalent and dintatations that contribute to the
uptake of essential-, as well as toxic cations.e€htypes of pharmacologically
distinct DACCs have been observed of which the dotwating vacuolar (SV) type
is the most common (Sandesssal., 2002; White & Broadley, 2003). It has been
proposed that DACCs act in tandem with cytoskeleghrrangements to aid
chilling-resistant plants in their acclimatisationto low temperatures
(White & Broadley, 2003).

2) Hyperpolarisation-activated cation channels (HACO)ese channels are permeable

to many divalent cations including BaC&*, Mg?*, Mn**, Cd*, and Z* (Sanders
et al., 2002; White & Broadley, 2003). Elicitor-activatedABCs raise [C%f]cyt to
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initiate cellular responses to pathogens. Hyperaton-activated cation channels
also contribute to the closure of stomata in resporto water stress
(White & Broadley, 2003).

3) Voltage-independent cation channels (VICC). It islikely that voltage-gated
pathways comprise the only route for*Cantry across the plasma membrane.
Channels that discriminate poorly between monovaderd divalent cations and
exhibit at best only weak voltage-dependence,&aradd voltage-independent cation
channels (Sanderst al., 2002). Voltage-independent cation channels open at
physiological voltages and are generally insersitiv cytoplasmic modulators. In
most plants, these VICCs are the only channels apanresting potential (White &
Broadley, 2003). White and Broadley (2003) suggkstet C4&" influx through
VICCs is required to balance the perpetuaf‘@dflux through C&'-ATPases and
H*/C&*-antiporters to maintain [G§.,: homeostasis in an unstimulated cell.

2.4.3.2 The evolution of the ‘signature’ of a calam wave ([Ca?*]cyt perturbation)

It is essential for [Czé]cyt in plant cells to increase in response to devetypal and
environmental stimuli such as mechanical pertudnati cold shock, heat shock, acute salt
stress, hyper-osmotic stress, anoxia, exposurexitative stress and absisic acid to
produce physiological responses (Miller & Sandei€87; Knight et al., 1997,
Romeiset al., 2001; Fasanat al., 2002; White & Broadley, 2003; Kimnat al., 2003;
Supanjaniet al., 2006). To ensure the correct physiological respase particular
stimulus, each calcium wave has a uniquezﬂgasignature evoked by a specific type of
stimulus (Miller & Sanders, 1987; Evang al., 2001; White & Broadley, 2003;
Romeiset al., 2003; Lecourieuxget al., 2006). A stimulus activates phospholipase C
uniquely, the primary mobilising calcium agent,aingh IR dependent channels enabling
cellular IR concentrations to quantify the strength of a digmaportionately to the
strength of the stimulus (Miller & Sanders, 198¥%aRset al., 2001; White & Broadley,
2003; Romeiset al., 2003; Lecourieuxgt al., 2006). However, even though elevated
[Caz*]cyt is necessary for signal transduction, a prolongetease in [Cﬁ]cyt is lethal as
sustained high levels of [é'@cyt might cause apoptosis (White & Broadley, 2003).
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The uniqueness of a signature manifests in thecellblar location and/or the kinetics of
the calcium wave or [éacyt perturbation (White & Broadley, 2003). Wave kigstcan be
defined by alterations in the rate of change in[ﬂﬁ*]cyt, maximum reached by [é‘acyt
and/or the duration of [éacyt above a certain threshold (White & Broadley, 2003)e
type, cellular location, channel state and densityC&* channels regulate the spatial
characteristics of calcium waves, since the lovudibn rate and high buffering of €a
within the cytoplasm result in the rapid dissipatuf [Cé*]cyt after ion channel closure. It
is for this reason, that the proteins respondinghto changes in [éacyt are associated
with the C&" channels, or tethered closely to the membranesté/ghBroadley, 2003).
Intracellular store replenishment, secondary megssn and the age and state of cell

development also regulate the spatial charactesisfi calcium waves (Trewavas, 1999).
2.4.3.3Responding to cytosolic calcium waves

Different calcium sensors are responsible for thigal perception of a calcium wave.
These sensors can be divided into two groups nasagigor relays and sensor responders
(Sanderst al., 2002).

2.4.3.3.1Sensor Relays

Sanderst al. (2002) define sensor relays as proteins thattimmdhrough bi-molecular
interactions. Sensor relays, such as calmoduliMjC&aM-like proteins and calcineurin
B-like proteins (White & Broadley, 2003; Kiwt al., 2003), bind C& using a helix-loop-
helix structure termed the EF hand. The latter dindsingle C& molecule with high
affinity (Strynadka & James, 1989) altering theustural or enzymatic properties of the
protein sensor. These changes influence the interactionthexfe proteins with target
proteins and therefore ultimately influence solut@nsport, enzymatic activities,
cytoskeletal orientation, protein phosphorylati@s@ades and gene expression. It is said
that these changes result in stress tolerance rand/odevelopmental change
(Strynadka & James, 1989; White & Broadley, 2003).
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2.4.3.3.2Sensor Responders

Whereas sensor relays function through bi-molecinaractions, sensor responders are
defined as proteins that function through intraroolar interactions (Sandegsal., 2002).
Sensor responders undergo a calcium-induced coafanal change that alters the
protein’s own activity or structure. An examplesoich a protein is Gadependent protein
kinases (CDPKs) that function as a sensor as vl &inase (Sandeet al., 2002;
White & Broadley, 2003; Kinet al., 2003). Calcium cation-dependent protein kinase can
function as a sensor that decodes and translaesdkation of cytosolic free calcium into
biochemical and genetic consequences through tlspplrylation of diverse target
proteins including membrane solute transportersy, amd water channels, NADPH
oxidases, enzymes involved in carbon and nitrogetabolism, cytoskeletal proteins,
proteases and DNA binding proteins (Romeis al., 2001; Sanderset al., 2002;
White & Broadley, 2003; Kimet al., 2003). It is possible that the possession of many
CDPKs with contrasting calcium affinities and targeoteins allow plant cells to respond
appropriately to specific calcium waves or fQ@t perturbations (White & Broadley,
2003). Other protein kinases responding tozﬂ;;@ are less well characterized than the
CDPKs. Calcium-dependent protein kinases (CDPKsg¢ amplicated in pollen
development, control of the cell cycle, ABA signahnsduction, light-regulated gene
expression, gravitropism, thigmotropism, nodulatioald acclimation, salinity tolerance,
drought tolerance and responses to pathogens (didhgang, 2001; Romeigt al., 2001;
Kim et al., 2003; White & Broadley, 2003).

Several other proteins are also capable of bindigg (White & Broadley, 2003). For
example phospholipase D (PLD) activity, which igguiated by [C%\*]Cyt through a
C&*/phospholipid binding site, termed the ‘C2 doma{White & Broadley, 2003), is
implicated in a variety of activities such as cldturesponses to ethylene and ABA,
a-amylase synthesis in aleurine cells, stomatal uckys pathogen responses, leaf
senescence and drought tolerance (White & Broadlgg3).

Another example is annexins, which is located &t ¢ell periphery and is especially

abundant in highly secretory cell types (White &8dly, 2003). The binding of &ato
annexins enables the association of annexins tobmaemas allowing the formation of
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cation channels. They may have a role in membrasierd, membrane trafficking and/or
secretion (White & Broadley, 2003).

2.5 PHEROIDS

In addition to investigating the functions and impace of calcium in the plant and the
role it plays in preventing or reducing BER, thbestimportant substance of interest, was
Pheroids.

A private company, Elementol (Pty) Ltd, is markgtennovel substance under the name of
Pheroids. It is a micro-emulsion containing fre@yfacids and/or fatty acid derivatives.
The fatty acid base of this emulsion apparentlys di&e a micro sponge in an aqueous
carrier, allowing it to transport phytologically reficial substances across membranes.
Furthermore, Elementol (Pty) Ltd claims that it laastimulatory effect on plant growth in
general. For Pheroids to have a stimulatory efbegplant growth, it must enhance cellular
functioning. Very little information was given regling the components and their

structures within Pheroids since patent registnaiscstill pending.

In order to investigate the translocation propsrti€Pheroids mixed with other substances
across plasma membranes, membrane structure ansdbhement of molecules across
membranes must be highlighted. The structure omalnbranes is based on S.J. Singer
and G. L. Nicolson’s fluid mosaic model from 19W%hich states that all cell membranes
are made up of glycoproteins embedded in a phogpthdilayer (Albertset al., 1989;
Wolfe, 1993). Generally, non-polar molecules di§upassively through the lipid
component of membranes more readily than polarharged molecules (Albergt al.,
1989; Wolfe, 1993). The rate of diffusion of nonlggamolecules is directly proportional to
the concentration of the substance (Wolfe, 1998)arAmolecules and ions are transported
with specificity, either passively or actively, lmyeans of membrane proteins across cell
membranes (Albertst al., 1989; Wolfe, 1993). The properties of both thedipind the
protein components of the membrane determine tieeatavhich polar molecules and ions
are transported (Albertt al., 1989; Wolfe, 1993).

There are two major classes of membrane transpooteips, namely carrier

proteins/transporters and channel proteins (Albertst al., 1989).
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Carrier proteins/transporters bind to a specifizssance or group of substances to induce a
conformational change that will enable the protemdransport the polar molecule/ion
across the membrane. Channel proteins on the lo#tmet, form water-filled gated channels
that extend across the lipid bilayer. When opee, ¢hannels allow certain molecules,
usually inorganic ions of the appropriate size, pass through the membrane
(Albertset al., 1989; Ravemt al., 1992).

The two primary mechanisms underlying ionic and enolar movement across cell
membranes are passive and active transport. Passngport depends on concentration- or
electrical gradients and does not require the edife of cellular energy (Albertst al.,
1989). In contrast to passive transport, activesjpart requires the expenditure of cellular
energy since molecules are transported acrossnagtibranes against electrochemical or

concentration gradients (http://ccgb.umn.edu; Atbetral., 1989).

Some molecules, especially large molecules and aulale complexes, move into the cell
through the fusion of vesicles with the cell menmeraThis method of transport is termed

endocytosis and the outward movement is termedytosis.

The principle aim of this study was to investigdte claims made by Elementol (Pty) Ltd
regarding the properties of Pheroids for commasa#dbn purposes as a vehicle for
transport of phytologically beneficial substancagromembranes and as a stimulant of
plant growth in general. If Pheroids is a vehide hytologically beneficial substances, it
must be “packed” with these substances and ensat pklls either as polar or non-polar

complexes through transport proteins, diffusioemdocytosis.
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CHAPTER 3
MATERIALS AND METHODS

3.1 MATERIALS

. Chemicals of the highest quality and purity for Igheal and nutrient media
purposes were purchased from Merck.

. Elementol (Pty) Ltd provided Pheroids.

. Inert coconut fibre and Dr Fisher's Multifeed ClasgPlaaskem (Pty) Ltd) were

purchased from a local merchant.
3.2 METHODS
3.2.1 GREENHOUSE CONDITIONS
The temperature, relative humidity and light inignwere recorded once a week at 12:00.
These greenhouse conditions were also recordedanoanth at two hour intervals from
08:00 to 18:00 to illustrate seasonal changes duha experimental period.
3.2.1.1 Light Intensity
A Li-Cor photometer (Model LI-185A) was used to oet light intensity (LE. M. sb).
Light intensities were recorded at six differensigions within the experimental layout at a
height of 1.8 m. The average of these six valueswgad to quantify the light intensity.
3.2.1.2 Temperature and Relative Humidity
The temperature of the greenhouse was set to vatywekn 16°C and 25°C. The
temperature and relative humidity (%) were recoraeeekly using a swirl Manson

hygrometer. In addition, a thermohygrograph wasduf® constant temperature and
relative humidity recordings during the entire stud
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3.2.2 HYDROPONIC SET-UP

A drain-to-waste hydroponic drip system was usedit®y silica gravel of approximately

550 g was placed in the bottom of 24, 7 | plastithplders. The pots were then filled with
inert coconut fibre as a support and rooting mediuna placed on gravel-filled plastic drip
trays. Green microtubes were connected to the tdays to drain excess nutrient media

into a waste bin. Excess nutrient media amountegpooximately 260 cfnplant®. day".

The nutrient media were delivered to the planteugh a network of PVC piping and
drippers from a 70 | darkened reservoir. The flowter was approximately
17 cn?. min®. drippef*. The nutrient media were replaced once every tveeks to
replenish the nutrients in the media and to preWeatouild up of harmful substances. An
electronic timer controlled the rate of nutrient di@e supply to the plants at
pre-programmed times (Table 3.1).

Table 3.1: The nutrient media were supplied through eightiesi,cThe length of these
cycles was adapted to the changes in day tempesadind plant requirements as the study

progressed.
Development Stage Time of day
Cycle No. 1 2 3 4 5 6 7 8
08:00| 10:00 11:00 12:00 13:00 14:p0 15{00 17:30
minutes. cyclé
Seedlings. No generative
A growth visible 1 1 1 1 2 L 1 1
B Seedlings with Buds and 3 3 3 3 4 3 3 3
Flowers
c Plants with smal! Buds, 4 4 4 4 5 3 3 3
Flowers and Fruits
D Large Plants with Green 4 4 4 5 6 5 5 4
Fruit
E Large Plants during the Early 5 5 5 5 6 5 5 4
Harvest Season
= Large P_Iants in full 6 6 6 6 , 7 7 6
Production
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The 24 pots were divided into four groups of sixspeach (also see figure 3.2). The plants
were 45 cm apart in a row, and the distance betwsenrows, was 30 cm. The plant
density in the experimental layout was 4.25 plants, which amounts to approximately
43 000 plants. hh

3.2.3 ESTABLISHMENT AND TRANSPLANTATION OF SEEDLING S

Tomato seedlings Liicopersicon esculentum; cv. Floridade) were germinated and
established in seed trays filled with potting swil25°C and a constant light intensity of
200 pE. rif. s*. The cultivar used for this study, Floridade, determinate grower.

The seedlings were kept moist by mist sprayingiib wuarter strength Multifeed Classic

nutrient medium until week eight of development.
3.2.3.1 Transplantation of seedlings

The adhering potting soil was carefully removednfrthe roots of the eight-week-old
seedlings with running tap water. The seedlingsewsren carefully blotted dry and
weighed before it was transplanted to the moisboatfibre of the hydroponic set-up. The
seedlings were immediately watered to establiskaatfiibre/water continuum before the

nutrient cycles were started.

3.2.3.2 Staking, Pruning, and de-leafing
Two weeks after transplantation, the seedlings wsteked using black, ultra violet
resistant plastic twine. The twine was firmly akted to the base of the plant, wound

around the main stem of the plant and attacheldetsuipporting structure above the plants.

The plants were pruned for quality and hygienicppses. Two methods of pruning were
used to improve the quality of the yield and thgibgic conditions in the greenhouse. The
first method of pruning involved the pinching offall lateral branches (suckers +5 cm in
length) except the one directly below the firststér of flowers. This type of pruning may
enhance the balance between vegetative- and regiogligrowth and was done only once
(Kembleet al., 2000). This may result in larger and more unifdroit of higher quality.

The second type of pruning involved the removaldefd leaves, leaves touching the
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coconut fibre or leaves that constricted air movanbetween the plants. This was done to
promote photosynthesis and reduce the spreadidigedises.

3.2.4 TREATMENTS

Eight treatments were used in this study. The rimeats can be divided into two groups
based on the nutrient media supplied to the pléfitpure 3.1). The first group (A) was
cultivated in a complete Hoagland’s nutrient mediamd the second group (B) was

cultivated in a modified Hoagland’s nutrient medideficient of calcium.

Group A was further subdivided into two treatments:

* Treatment one (+Ca)represented the control plants. These plants aétwated in a
complete Hoagland’s nutrient medium and receiveddtitional treatments.

* Treatment two (+Ca/P) was control plants additionally sprayed foliarlyitiw

Pheroids over the entire surface of the plant.

Group B was subdivided into six different treatments:

* Treatment three (-Ca) represented the plants cultivated in a modifiecagdand’s
nutrient medium deficient of calcium.

e Treatments four (-Ca + 1% CaCh) andfive (-Ca + 2% CaChk) were calcium
deficient plants treated foliarly with external @am in the form of 1% and 2% CaCl
sprays.

e Treatments six (-Ca + 1% CaCJ/P) andseven (-Ca + 2% CaGJP) were calcium
deficient plants, which were sprayed foliarly witho and 2% CaGlsolutions mixed
with Pheroids.

e Treatment eight (-Ca + 2% CaC}/P/Fruit). Only the fruits of calcium deficient

plants were sprayed with a 2% Ca€heroids mixture.
Foliage- and fruit treatments commenced as soorthasplants displayed the first

symptoms of BER. Thereafter, for the duration & é&xperimental period, the plants were

treated every two weeks.
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24 Tomato plants

Positive Calcium (+Ca) Negative Calcium (-Ca)
®Treatment 1: ®Treatment 3:
Positive Calcium Control Calcium Deficient
(+Ca) (-Ca)
®Treatment 2: ®Treatment 4:
+Ca, sprayed with Pheroids -Ca, sprayed with a 1% CaQolution
(+Ca/P) (-Ca + 1% CaG)

®Treatment 5:
-Ca, sprayed with a 2% CaGblution
(-Ca + 2% CaG)

®Treatment 6:

-Ca, sprayed with a 1% Cafftheroids
mixture

(-Ca + 1% CaGlIP)

®Treatment 7:

-Ca, sprayed with a 2% Cafftheroids
mixture

(-Ca + 2% CaGlIP)

®Treatment 8:

-Ca, only the fruits are sprayed with a
2% CaC} Pheroids mixture

(-Ca + 2% CaGlIP/Fruit)

*P refers to the presence of Pheroids in the treats

Figure 3.1: A schematic illustration of the eight treatmenggdito investigate the effect of
a calcium deficiency and the subsequent corregiiegéntative treatments on the
occurrence of BER and fruit quality. Treatments tewad four to seven were applied

foliarly, while treatment eight entailed the sprayiof the fruits only.

The treatments were placed randomly within the &ydnic set-up. Figure 3.2 illustrates

the experimental layout of the test trial.
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1 2 5 3
1 2 8 4
3 8 4 5
6 5 3 7

Treatments:

1 +Ca

2 +Ca/P

3 -Ca

4 -Ca + 1% CaGl

5 -Ca + 2% CagGl

6 -Ca + 1% CaGlIP

7 -Ca + 2% CaGlIP

8 -Ca + 2% CaGlP/Fruit

Figure 3.2: The randomized layout of the eight treatments usetlis study. The circles

indicate the reservoirs containing the differenfrient media.

The aim of the layout was to ensure that all tleatments received approximately the

same amount of sunlight within the experimentaiuget

39



The CaCj concentrations used, were based on industry sgetcdins and previous studies
(Ho et al., 1999; Ho & White, 2005). In all instances thdusons and mixtures were
prepared at room temperature and applied at aragegreenhouse temperature of £24°C
till the point of “drip-off”, which entails the fanation of droplets large enough to fall to
the floor.

For the 1% and 2% Cagsolutions, 10 g and 20 g of Ca@ere dissolved in 1 | distilled
water, respectively. To “pack” Pheroids with thepective CaGlconcentrations, Pheroids
was added in a ratio of 2 értp 100 cmi CaC} solution where applicable. In the instance
of the pure Pheroids spray treatment, 2 emas added to 100 cnlistilled water. The
mixtures were left to stir on a mixer for 30 mirsitdhe plants and fruits were initially
sprayed with a volume of 150 émAs the plants increased in size, the volume was
increased to 250 cinplant.

In addition to the 1% and 2% CaQ@oncentrations, a concentration of 4% Gafas also
considered for the study. However, pre-test tiiadiscated that a 4% Cagdolution burned
the plants and it was therefore considered an taigai treatment for calcium deficient

plants.

3.2.5 NUTRIENTS

The nutrient media employed for the purposes ofdiugly were based on Hoagland’s
nutrient medium as this medium lends itself to mpalation (Hoagland & Arnon, 1950). A
complete nutrient medium (control) and a modifieddmm, deficient of calcium, were

prepared from one molar stock solutions (Table.3.2)

The FeEDTA stock solution was prepared by dissghBr67 g FeS® 7H,0 in 250 cni
distilled water, to which was added, 7.45 BRTA, which was dissolved in 250 ém
warm distilled water. This mixture was made up tioahd aerated until a brownish colour
appeared. This solution was stored in a dark coetai

The micronutrient stock solution was made up bysalisng 2.86 g B(OH)s,
1.81 g MnC}. 4H,0, 0.11 g ZnGJ, 0.05 g CuCGl 2H,0 and 0.025 g NdoOy in distilled
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water. The mixture was made up to a final volumelof and also stored in a dark
container.

Table 3.2: Volumes used of 1 molar stock solutions to pregam@plete (control)- and

calcium deficient nutrient media of required ficahcentrations (See Table 3.3).

Stock solution:)Complete (control)Calcium deficient medig
ol cm®. I

1 M Ca(NQ), 10 —

1 M KNOs 10 10

1 M MgSQ, 4 4

1 M KH,PO, 2 2

1 M FeEDTA 2 2

Micro elements 2 2

1 M NaNG; — 20

All stock solutions were stored at room temperaimark glass containers.

The nutrient formulae were applied at half stren(f%) for the first six weeks after

transplantation after which it was increased tbdtrength (100%) for the remainder of the
experimental period.

Changes in the pH and electrical conductivity (E8)the nutrient reservoirs were
measured using a PHM 85 Precision pH meter and a 9926 digital electrical
conductivity meter before and after every refillhéwn necessary, the pH of the nutrient
media was adjusted to values between 5.5 and @.3he acid based titration method,
using 98% phosphoric acid (Rosenfeld, 1999).

41



Table 3.3: The final concentrations of the macronutrientsnfp@t half (50%)- and full
(100%) strength Hoagland's nutrient media

Elements Control medium Calcium deficient

nutrient medium
ppm ppm
strkéigth Full strength stgilz]th Full strength

N 210 420 210 420

P 31 62 31 62

K 234 468 234 468

Mg 48 96 48 2%

S 61 122 61 122

Ca 200 400 _ _

3.2.6 VEGETATIVE AND GENERATIVE DEVELOPMENT OF
SEEDLINGS

TOMA TO

The vegetative and generative development of tedlsgs will ultimately determine the
yield potential of the plants. It was therefore ortant to establish the effect a calcium
deficiency and the subsequent corrective/prevesmtdteatments have on the vegetative

and generative development of the seedlings.
3.2.6.1 Vegetative development: Plant height and eapy diameter

Plant height and canopy diameter were accuratelyrded weekly using a measuring tape

until plant density and plant height (2 m = rooigig) prevented further measurements.
3.2.6.2 Generative development: Buds, Flowers andtukts
To determine the effect of the two different nuttienedia on the generative development

of the seedlings, the time span between transpianiadhe appearance of the first buds

(10 mm in length), fully opened yellow flowers afdits (5 mm in diameter), was
recorded.
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3.2.7 DETERMINATION OF YIELD RELATED PARAMETERS

To determine the effect of a calcium deficiency &mel subsequent corrective/preventative
treatments on vyield, the number of fruits harvestedvell as the average fruit mass and

size, was recorded.

Firm, red, tomato fruits (“consumer ready”) werekad weekly and the number of fruits

harvested, as well as the number of fruits shovid&fR symptoms, were recorded for the
individual plants from the respective treatments. ghalytical balance was used to record
fruit weight. A calliper was used to measure fdiameter. The average of three different

readings was taken to represent fruit diameter.

3.2.8 DETERMINATION OF FRUIT QUALITY RELATED PARAME TERS

Several biochemical parameters were used to deterfruit quality. These included: pH,

electrical conductivity (EC), moisture content,dpene concentration and Brix index.

3.2.8.1 pH and EC

The fruits were homogenized for 30 seconds withoftRbn homogenizer to obtain a
liquid puree, which was kept on ice. The pH andu&aflies of these purees were recorded
using a PHM 85 Precision pH meter and a PW 9526tatligonductivity meter,
respectively. To ensure repeatability, the pH a@dnkeasurements for each of the samples

were done in triplicate.

3.2.8.2 Moisture Content

Tissue slices of approximately 10 g, representativéhe fruit's overall condition, were
obtained. These slices were then dried to a coristaass at approximately 68°C for six

days. The moisture content was calculated usindplteving equation:

% moisture content = 100 - (Dry mass/ Fresh mak30)
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3.2.8.3 Lycopene concentration

The lycopene concentration of the fruits was deteeohin triplicate at two-week intervals.

The reduced volume extraction method (Dastisal., 2002) was used to extract and
determine the lycopene content of the fruits. Apprately 10 g tissue slices were

sampled from the fruits. The tissue was then homiage for more or less 30 seconds in
10 cn? double distilled water using a Polytron homogeniZée resulting tissue purees
were kept on ice in the dark as lycopene is oxalizg light (Sharma & Le Maguer, 1996;

Sahlinet al., 2004; Ramandeep & Savage, 2004).

Following homogenization, 0.5 g of the resultinggms were added to clean test tubes
containing 5cm of 0.05% (w/v) butylated hydroxytoluene (BHT) dissed in acetone,

5 cn? 95% ethanol and 10 énhhexane. The test tubes were sealed with parafilth a
placed in a dark, ice filled container after whible purees and the chemicals were rotated
at 180 rpm for 15 minutes on an orbital shakerltmnafor the extraction of lycopene from
the puree. After rotation, 3 chale-ionised water was added to each test tube atatkd

for another five minutes. After this step, the tietes were incubated at room temperature
(x22°C) in the dark for five minutes to allow fohgse separation. The absorbance of the
hexane (upper) layer was measured spectrophotaaitriat 503 nm. The lycopene
concentration in this hexane layer was calculatethgu the following equations
(Daviset al., 2002):

Lycopene (mg. k{ tissue) = Asoz 11
—_— X —_—
17.2 x 104/M x cr 1Gcn?®
10.0 cnd
X
kg tissue

Aso3 X 5.81 x 1¢°

kg tissue
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Aso3 536.9 g

Lycopene (mg. kg tissue) = —  x
17.2 x 1M x cn?® mole
11 10mg 10.0 cr
X X X
10° cnt® 1g kg tissue
Aspz X 0.0312 AozX 31.2
kg tissue g tissue

The molar extinction coefficient for lycopene is.2% 10 I. mol™. cmi' and the molecular
mass for lycopene is 536.9.

3.2.8.4 Brix Index

Brix is a measure of the percentage total solublels (TSS) in a given weight of plant
juice. Each degree of Brix (%) is taken as the emant of 1 g sugar and other solids per
100 g of juice. The higher the value, the higher shigar and other solids content of the
produce (Mirza & Chen, 2005).

The Brix index of 20 pl puree samples, as prepare?i2.8.1, were determined using an

Atago refractometer following the instructions bétmanufacturer.

3.2.9 FRUIT DETERIORATION

To determine the effect of a calcium deficiency &mel subsequent corrective/preventative
treatments on fruit deterioration after harvestifrgsh (“consumer ready”) fruits were
stored in dark cabinets at 12°C in a relative hutyidf 75%. The fruits were placed in
rows on steel racks in storage cabinets. Afterethneeks of storage, the fruits were
removed and all the physical and quality parameterge determined as was described for

fresh fruits.
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CHAPTER 4
RESULTS

4.1 GREENHOUSE CONDITIONS

Environmental factors may have a profound effecttba vegetative and generative
development of plants. For example, environmengatdrs such as light intensity,
influences processes like photosynthesis, transmiraand fruit development in plants.
Therefore, possible changes in the controlled dreese conditions were deemed

important and were monitored on a weekly and mgrihkis.

4.1.1 MONTHLY GREENHOUSE CONDITIONS

The greenhouse conditions were monitored from 080D8:00 at two hour intervals for
selected months considered representative of aytwmmter and spring during the

experimental period.

The light intensity of all the seasons peaked gir@pmately 12:00, after which it
decreased (Figure 4.1A). Although the light intgngiatterns were the same for autumn,
winter and spring, the intensities differed for thenths. The intensity at 12:00 decreased
from autumn (May) to winter (July), after which increased markedly during spring

(October) as summer approached (Figure 4.1A).

No distinct differences between monthly temperaumsere detected during the
experimental period since it was regulated betw&éhfC (Night) and 26°C (Day).
Although regulated, the temperature did peak atapmately 26°C between 12:00 and
14:00 for all the months (Figure 4.1B). The peakJialy however, was slightly lower than
that of May and October. These peaks coincided thighlight intensity peak observed at
the same time of the day (Figure 4.1A).
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The relative humidity (% RH) for autumn (May) andnter (July) varied between 65%
and 90% while during spring (October), it decreageth 80% in the early mornings to
45% in the late afternoon (Figure 4.1C).
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Figure 4.1: Changes in daily greenhouse conditions for sealect®nths representing
autumn, winter and spring (A: Light intensity; Befperature; C: Relative humidity).

4.1.2 WEEKLY GREENHOUSE CONDITIONS

Based on the changes measured for monthly ligehsities (Figure 4.1A), temperature-
(Figure 4.1B), and relative humidity (Figure 4.1Changes in the greenhouse conditions
were also recorded on a weekly basis at 12:0thfodtration of the experimental period.

The light intensity (Figure 4.2A) decreased from nsaximum of approximately

1800 WE. rif. st during autumn to 1000 LE. ms™ during winter, whereafter it gradually
increased during spring to approximately 3000 pHE. s1.
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Temperatures at 12:00 varied betweerfC2Gand 27C (Figure 4.2B), indicating a

controlled greenhouse environment.

The relative humidity (% RH) at 12:00 varied betwespproximately 55% and 85%
(Figure 4.2C) for the greatest part of the expenit@leperiod. During the last ten weeks of
the experimental period, it gradually fell below%60This decrease in relative humidity
coincided with the increase in light intensity thaarked the approaching summer
(Compare figures 4.2A&C).
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experimental period (A: Light Intensity; B: Temptena; C: Relative Humidity).
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4.2 EFFECT OF A CALCIUM DEFICIENCY ON THE VEGETATIV_E
DEVELOPMENT OF TOMATO PLANTS

To investigate the effect of a calcium deficieneytbe vegetative development of tomato
seedlings, plants were cultivated hydroponicallyaitomplete (control)- and a calcium
deficient nutrient medium. Changes in plant heightl canopy diameter were used as
parameters to determine the effect that a calciwificidncy had on early vegetative

development.

A lack of calcium appeared to impede vegetativemgjno(Figure 4.3). The increase in
canopy diameter (Figure 4.3A) and plant height ({Feég4.3B) for the plants cultivated in
the calcium deficient nutrient medium was cleadgd than that of the control plants.
Measurement of canopy diameter was terminated afteweeks because plant density

prohibited further accurate measurements.
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Figure 4.3: Effect of a calcium deficiency on the vegetativevelopment of tomato

seedlings (A: Canopy Diameter; B: Plant Height).
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4.3 EFFECT OF A CALCIUM DEFICIENCY ON THE GENERATIV E
DEVELOPMENT OF TOMATO PLANTS

The time it took for the first buds and subsequiémwers and fruits to develop, was
recorded to determine the possible effect of aiwacdeficiency on the generative
development of tomato plants.

On average, the control plants took 19.83 days &ft@splantation, compared to the 22.5
days of the calcium deficient plants, to develogrtfirst buds (Table 4.1). Approximately
13 days lapsed for both the control and calciuniceft plants for their buds to develop
into flowers. It then took 12 and 12.5 days respety, for the flowers of the control- and
calcium deficient plants to develop the first frait5 mm or bigger (Table 4.1). It appeared
that a calcium deficiency only delayed bud formatrath approximately three days during
the early stages of generative development.

Table 4.1: Effect of a calcium deficiency on the generatievelopment of tomato plants

in a drip hydroponic system.

Average developmental time span from:

Treatment: Transplantation to Bud Bud to Flower Flower to Fruit
(1 cm) (fully open) (5 mm)
Days
Control Plants 19.83 + 6.57 13.33+0.82 12 +5.18

Calcium deficient

225+7.27 13.39+2.12 12.5+8.38
Plants

4.4 EFFECT OF A CALCIUM DEFICIENCY ON YIELD

The effect of a calcium deficiency on yield wasedetined by recording the number of

fruits harvested as well as their respective maasdsizes.

The control fruits produced one of the highest dsein terms of mass during the

experimental period of 16 weeks. The period betweeek three and nine of harvest
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showed the highest rate of mass accumulation wdewied by a slight decrease
(Figure 4.4A).

A calcium deficiency clearly had a negative effeat yield in terms of the fruit mass
accumulated during the experimental period (Figudd). After 16 weeks of harvest, only
1.02 kg. plart was harvested from the calcium deficient plantsngared to the

2.5 kg. plant harvested from the control plants. This represari8% decline in yield due

to the calcium deficiency.

The corrective/preventative treatments of foliagegs with 1% and 2% Cag£ksingly and
mixed with Pheroids, alleviated the severe effecalaium deficiency had on yield only to
a certain extent (Figure 4.4A). However, none ddsth treatments could completely

alleviate the negative effect a calcium deficiehag on yield.

Where only the fruits of calcium stressed plantsensprayed with a 2% Ca{lPheriods
mixture, the yield (fruit mass) of these plants vea®n lower than that of the calcium
deficient plants, making this the least effectikeatment of all the corrective/preventative
treatments (Figure 4.4A).

Spraying the control plants additionally with Phidsohad no clear effect on the yield
(mass) of these plants (Figure 4.4A).

Although major differences were observed between dbntrol- and calcium deficient

plants for fruit mass harvested (Figure 4.4A)}dittifference was recorded for the total
number of fruits harvested during the same perfogufe 4.4B). After a 16-week harvest
period, approximately 65 fruits were harvested oth these treatments (Figure 4.4B).
However, the rate at which the fruits were produicgdhe control plants exceeded that of
the plants grown under calcium deficient conditidmisthe greatest part of the 16-week

harvest period.
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Figure 4.4: The effect of a calcium deficiency and the subsetjaerrective/preventative
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experimental period.
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Spraying calcium deficient plants with a 1% Ca®heroids mixture was the only
corrective/preventative treatment that resultedhm same number of fruits harvested as
that of the control- and calcium deficient plarfgy(re 4.4B). None of the other treatments
could produce a similar amount of fruits during bavest season. Treating only the fruits
of calcium stressed plants with a 2% GaRtheroids mixture, resulted in the production of
the least number of fruits of all the treatmentgiFe 4.4B). This correlated with the low

yield (mass) produced by these plants (Figure 4.4A)

The discrepancy between the number of fruits predué&igure 4.4B) and the resulting
fruit mass (Figure 4.4A) for the different spragdtments, suggests varying fruit sizes and
masses. Despite variances in the fruit size ands rofshe different treatments, a clear
decreasing trend in fruit size and mass was evideming the experimental period
(Figure 4.5A&B). The average fruit diameter (Figu4ebA) and mass (Figure 4.5B)
harvested from the calcium stressed plants weeglgleess than that of the control plants,

hence the lower yield observed for the plants (FEgu4A).

Moreover, the early and middle stages of the harpesiod were the most apt for
harvesting in terms of fruit size and mass. Ashesest season progressed, fruit size and
mass decreased irrespective of the applied treasmeXl the preventative Cagl
treatments, singly and mixed with Pheroids, reslitebigger and heavier fruits than that

of the calcium deficient plants (Figure 4.6A&B).

This is further illustrated by comparing the averdiit diameter and mass for the entire
experimental period over a 16-week period (FiguréA&B). Both the fruit diameter
(Figure 4.7A) and fruit mass (Figure 4.7B) of caitui deficient plants were on average
smaller than that of the control plants. The frsites and masses obtained after the
application of the corrective/preventative treattserall exceeded that of the calcium
deficient plants (Figure 4.7A&B). Mixing Pheroidstiw 1% and 2% CagGlsolutions as
foliage sprays, also had no clear effect on theamee fruit diameter and mass under
calcium deficient conditions. However, spraying ttohplants additionally with Pheroids
resulted in the marked stimulation of both the ager fruit diameter and mass. This
treatment clearly yielded on average the largedtraaviest fruits. Treating only the fruits
of calcium stressed plants with the 2% Ga@leroids mixture, resulted in fruits similar in

size and mass to that of the calcium deficienttgl@figure 4.7A&B).
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4.5 EFFECT OF A CALCIUM DEFICIENCY ON THE QUALITY O F TOMATOES

Tomato quality is defined by factors such as: siaeended use, attractiveness, flavour,
nutritional value and undamaged condition (Pokeal., 2004). To determine the effects
of a calcium deficiency and the subsequent correfireventative treatments on fruit
qguality, several biochemical parameters, namelyctetal conductivity (EC),

dry mass (Dm), Brix index, moisture content andjyene concentration were measured.

451 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQ UENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON MOISTURE
CONTENT, DRY MASS, BRIX INDEX AND ELECTRICAL
CONDUCTIVITY OF THE FRUITS

Under control conditions, the average fruit masguie 4.8A) and the dry mass:fresh mass
ratio of the control fruits decreased as the h&lrgeason progressed, indicating that the
average fruit size and fresh mass of the fruitsetesed (Figure 4.8A&B). Concomitant to
the decrease in the dry mass:fresh mass ratiomihisture content of the fruits also
decreased indicating that a decrease in moistuseoma of the factors responsible for the
decrease in fruit mass and fresh mass and thairessure were accumulated in the fruits
as the harvest season progressed (Figure 4.8C3erCiovestigation of the results for
average fruit mass and moisture content establishada positive relationship existed
between these two parameters since a decreasealiinnfass was accompanied by a
decrease in moisture content irrespective of wherfruits were harvested (Figure 4.9). To
establish whether changes in assimilate accumulatentributed to the decrease in
average fruit mass, the dry mass of the fruits vpéotted (Figure 4.8D). The dry mass in
the control fruits were the highest and remaindatixely constant throughout the harvest
season (Figure 4.8D). Thus, even though the avdraganass, fresh mass and moisture
content of these fruits decreased, dry mass acatimnilremained constant. It is possible
that fruits import and accumulate the same amoticadon compounds, irrespective of
average fruit mass and the stage of harvest. ¢f ithithe case, then an increase in fruit
compounds is expected as the harvest season megrd$e Brix index and the EC values
of these fruits increased as the harvest seasogrgased. Moreover, the relationship

between these two quality parameters and fruit masse negative, indicating that as
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average fruit mass decreased, Brix index (Figurel)dand fruit EC (Figure 4.10)
increased. Thus, the fruits seemed to become mumeeotrated as the harvest season

progressed.

A similar decrease in fruit mass (Figure 4.8A), drgss:fresh mass ratio (Figure 4.8B) and
moisture content (Figure 4.8C) was also observedh® fruits from the calcium deficient
plants. In addition, a calcium deficiency had nfeeif on the Brix index (Figure 4.8F) and
EC of the fruits (Figure 4.8E), but these fruitsl thiowever, accumulate slightly less dry
mass compared to the control fruits (Figure 4.8D).

Spraying calcium deficient plants with 1% and 2% Gaolutions, singly and mixed with
Pheroids, had no clear effect on the decreaseuih rfrass, moisture content, dry mass
accumulation or the increase in the Brix index & of the calcium deficient fruits
(Figure 4.8).

The fruits of the control plants sprayed additibnalith Pheroids gave results similar to

that of the control fruits (Figure 4.8). Howevdretfruits of this treatment had a slightly

higher moisture content and a dry mass:fresh matss compared to the control fruits

(Figure 4.8C). Furthermore, these fruits also aadatad less dry mass than the control
fruits (Figure 4.8D), suggesting that the foliagmgplecation of additional Pheroids under

control conditions resulted in more hydrated arsg lsoncentrated fruits during the harvest
period.
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45.2 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQUENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON THE LYCOPENE
CONCENTRATION OF FRUITS

Another quality parameter measured, was lycopenecesdration (Figure 4.12A).
Lycopene is a fat-soluble component and was thexedmpressed on a dry mass basis to
ensure an accurate depiction. Under control camditithe lycopene concentration of the
fruits decreased as the harvest season prograsgenle( 4.12A). The lycopene:fruit mass
ratio remained relatively constant for the greapsst of the harvest season after which it

increased during the last four weeks of the harseason (Figure 4.12B).

The fruits of the calcium deficient plants had ghar lycopene concentration than that of
the control plants and also displayed a decreaskein concentration during the harvest
period (Figure 4.12A). Moreover, the calcium deficwy had no clear effect on the

lycopene:fruit mass ratio (Figure 4.12B)

Spraying additional calcium onto the calcium steesplants as 1% and 2% CaCl
solutions, singly and mixed with Pheroids, alsouliesl in a decrease in the lycopene
concentration, but at concentrations comparabtlabof the control fruits (Figure 4.12A).
This indicates that the corrective/preventativatireents might have relieved the calcium
stress to a certain extent, since it succeededwering the lycopene concentration
comparable to that of the control fruits (Figur&2h). However, no clear distinction could
be made between the efficacies of these treatmentslieve the calcium stress in these

fruits or the effect thereof on the lycopene:frudss ratio (Figure 4.12B).

When pure Pheroids were applied foliarly to conptants, the decreasing trend in the
lycopene concentration was still evident during kiaevest season (Figure 4.12A). This
treatment also had no clear effect on the lycofrnemass ratio of the fruits. It did,
however, result in the highest lycopene conceitnati This may suggest that Pheroids
stimulated the accumulation and synthesis of lynepen these fruits under control

conditions.
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treatments on the lycopene concentration of torfratts during a 16-week harvest period.

46 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQUENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON THE OCCURRENC E
OF BLOSSOM-END ROT (BER)

Fruit displaying BER symptoms are unattractive ant suitable for human consumption.
Preventing the occurrence of BER will therefore iioye yield and the subsequent profit
generated by the produce. The most likely causéBER are a combination of various

factors such as the interactions between light tamperature on fruit enlargement,
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inadequate xylem development in fruit and competitoetween the leaves and fruits for
calcium (Hoet al., 1993), which creates a local calcium deficiencydistal fruit tissue
causing BER (Hat al., 1993; Tayloret al., 2004; Ho & White, 2005).

To determine the effect of a calcium deficiencytba incidence of BER, the number of
fruits with BER symptoms were recorded and compared weekly basis. Moreover, the
number of fruits developing BER after applying tbhdferent corrective/preventative
treatments were also recorded and compared toatomtnd calcium stressed fruits to

determine the efficacy of these treatments to redugrevent BER.

A calcium deficient nutrient medium promoted theidence of BER. Plants grown under
these conditions lost ten times more fruit to BERnt the control plants over a harvest

period of 16 weeks (Figure 4.13).

In an effort to reduce the occurrence of BER, damére treated with additional calcium
by spraying them foliarly with 1% and 2% CaQolutions, singly and mixed with
Pheroids. In an additional treatment, only thet$éroif calcium stressed plants were sprayed
with a 2% CaGCl Pheroids mixture. All the corrective/preventativeatments reduced the
fruit mass (kg. h&; Table 4.2) lost due to a calcium deficient nutrienedium and BER,
but only the 2% Caglsolution and the 2% CagfPheroids mixture succeeded in reducing
the number of fruits lost to BER. Thus, treatindctan stressed plants foliarly with an
additional 2% CaGlsolution, singly and mixed with Pheroids, provedbe successful
(Table 4.2).

When only the fruits of the calcium stressed plamtse treated with a 2% CaPheroids
mixture, the least number of fruits were lost toRBEFigure 4.13A&B). Thus, it proved to
be the most efficient corrective/preventative tmgait in reducing the number of fruits lost
to BER (Figure 4.10A&B), but logistically it is tHeast viable technique in a commercial

set-up.
It appeared that Pheroids on its own under optingnowth conditions, may have

increased the occurrence of BER, because whereot@tants were treated with Pheroids

alone, a slight increase in the occurrence of BEER @bserved (Figure 4.13A&B).
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46.1 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQ UENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON NET INCOME

Blossom-end rot (BER) clearly affected marketakddy (Figure 4.13A-C), making the
prevention of this nutritional disorder essentiat the generation of a profitable net

income.

The aim of the different corrective/preventativeatments was to reduce the incidence of
BER thereby improving marketable yield and profiangins. The effect of BER on
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marketable yield was determined for the early (wée&), middle (week ten) and late
(week 16) stages of the harvest season.

The higher incidence of BER under calcium deficieahditions clearly lowered vyield
(Figure 4.14A-C and Table 4.2). Treating the caiftstressed plants additionally with 1%
and 2% CagGlsolutions, singly and mixed with Pheroids, reduttezleffects of a calcium
deficiency and the occurrence of BER on yield, |lasfahe treated plants produced higher
total- and marketable yields (Figure 4.13C). Evem 1% CaGl Pheroids mixture, which
was the least effective of the foliage treatmeateetiuce the number of fruits lost to BER
(Figure 4.13A&B), produced a higher yield and netame than the calcium stressed
plants (Table 4.2&4.3 and Figure 4.14@)oreover, the 2% Caglkolution, especially
when mixed with Pheroids, proved to be the mostiefit treatments to use since it
resulted in the highest marketable yield and netnme. This warrants the use of 2% GaCl
above 1% CaGlas a foliage spray in the reduction or preventbBER.

Another treatment that was effective in reducing itficidence of BER fruits, was when
only the fruits of calcium stressed plants wereaged with a 2% CaglPheroids mixture
(Figure 4.13B). However, this treatment resultedhea lowest yield (Figure 4.14C) and
thus a reduced income compared to the differerdgeltreatments. Therefore, the lowered
yield and extra expenses related to the labourtiamel of spraying each fruit individually,

makes this the least successful treatment in raduBER in calcium stressed plants.

Spraying control plants foliarly with Pheroids riésd in higher yields (Figure 4.14A-C)
and Table 4.2) during the early (week five) anddtedweek ten) stages of harvest, while
it also reduced the occurrence of BER (Figure 4&BA However, after 16 weeks of
harvest this treatment appeared to be counter ptiodu The total yield was similar to that
of the non-treated control plants, while the ocence of BER was apparently stimulated
by the addition of Pheroids (Figure 4.14A-C), whiekulted in yield and profit losses due
to BER (Table 4.2&4.3).
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Figure 4.14: The effect of calcium deficient nutrient conditoorand the subsequent
corrective/preventative treatments on total- andketable yields (kg. plaf) at different

stages of the harvest period.
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Table 4.2: Effect of a calcium deficiency and the subsequemtective/preventative

treatments on total- and marketable yields aftesraest period of 16 weeks.

Yield lost
Treatments Yield due to
Ca/BER-
Total Marketable Total Marketable 1
-1 -1 1 Bt kg. ha
(kg. Plant™) | (kg. Plant™) (kg. ha”) (kg. ha”)
+Ca 2.43 2.24 104 421 96 354 0
+Ca/P 25 1.96 107 509 84 381 11 973
-Ca 1.03 0.67 44 084 28 707 67 648
-Ca + 1% CagGl 1.57 1.2 67 592 51735 44 619
-Ca + 1% CaGIP 1.35 0.92 57 889 39444 56 911
-Ca + 2% CagGl 1.55 1.33 66 754 57 100 39 255
-Ca + 2% CaGIP 1.59 1.49 68 237 64 255 32 100
-Ca + 2% CaGlIP/Fruit 0.84 0.76 36 245 32762 63 593
* . Based on the plant density of the experimiesgéup = 43 000 plants. ha
* _ Based on marketable yield (kg. Heof control plants

Table 4.3: The effect of a calcium deficiency and the subsetjgerrective/preventative

treatments on the gross- and net income of tomatiberssa harvest period of 16 weeks.

aa | INncome lost
Treatments Yield (kg. Plant?) Income @ (R. Plant) Incorrza grc]e;?)rated due to
’ Ca/BER***

Total* Market** Total* Market** Gross NET R.ha *
+Ca 2.43 2.24 9.71 8.96 417 68bH 385418 0
+Ca/P 2.5 1.96 10 7.55 430034 337524 47 898
-Ca 1.03 0.67 4.1 2.67 176 338 114 827 270 590
-Ca + 1% CaGl 1.57 1.2 6.29 4.81 270 367 206 942 178 476
-Ca + 1% CaGlIP 1.35 0.92 5.39 3.67 231 55| 157 776 227 642
-Ca + 2% CaGl 1.55 1.33 6.21 5.31 267 019 228 399 157 019
-Ca + 2% CaGIP 1.59 1.49 6.35 5.98 272 947 257 020 128 398
-Ca+
296 CaCy/Fruit 0.84 0.76 3.37 3.05 144 979 131 047 254 370

a. Based on tomato prices of 2005: R4: 8ge chapter 2 section 2.1

aa_  Based on the plant density of the expemial setup = 43 000 plants.*ha

*-  Total Yield: All fruit harvested (BER fruincluded)

** . Market (Marketable) Yield: All the harvestdruit that can be sold commercially (BER fruittkxded)

*** _ |ncome lost to a Ca deficiency and/or BER\et income of control plants - Net income of trelgpdants
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4.7 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQUE NT
CORRECTIVE/PREVENTATIVE TREATMENTS ON POST HARVEST
TOMATO DEGRADATION DURING STORAGE

The aim of this specific investigation was to detere the effect of a calcium deficiency
and the subsequent corrective/preventative treasmenfruit deterioration (shelf life) after

harvest. The fruits harvested from the plants veergsidered “consumer ready”. Cultivar,
agricultural practices, stage of maturity at harvaed post harvest handling practices all

affect tomato quality and deterioration during age (Trejo & Cantwell, 1996).

The “consumer ready” red, firm fruits of all theatments were harvested at weeks 6, 12
and 16. This represented the early, middle and d&tges of the harvest season. These
fruits were then stored for a period of three weigkthe dark at 12°C (see 3.2.9), after

which the physical and quality parameters were oreas

4.7.1 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQ UENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON FRUIT MASS, S IZE
AND MOISTURE CONTENT DURING STORAGE

It was previously demonstrated that the average fnass and size of the control fruits
decreased as the harvest season progressed (Eigd&B). During a three-week storage
period, the fruit mass continued to decrease betwe80 and +10% for the different

stages of the harvest period (Figure 4.15A). Tighdst weight loss was recorded for fruits
harvested during the middle (week 12) of the hdrpesod (Figure 4.15A).

Calcium stressed plants produced fruits with a loaweerage fruit mass and size compared
to that of the control fruits (Figure 4.5A&B). Three$ruits also lost slightly more weight
and showed a greater variation in the percentagghivédoss during storage for the
different stages of harvest (Figure 4.15A&B). Theaits harvested at week 12, similar to
the control fruits, also displayed the greatesgiveloss during storage (Figure 4.15B).

Fruits from calcium stressed plants treated foliarith CaC} solutions, singly and mixed

with Pheroids, gave results similar to that of toatrol- and calcium stressed fruits after
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storage (Figure 4.15C-F). They all exhibited thensdaendency of reduced fruit mass and
size as the harvest season progressed (FigureThé)average reduction in mass during
storage was similar to that of the calcium stredseitls (Figure 4.15A-F). No obvious

alleviation of the effects a calcium deficiency ladchanges in fruit mass during storage

could be observed for these corrective/preventatestments.

Treating only the fruits of calcium stressed plawith a 2% CaCl Pheroids mixture,
resulted in the smallest fruits (Figure 4.6) aneld/i(Figure 4.4). Also, treating these fruits
with the above mentioned mixture resulted in theatgst weight loss during storage
(Compare Figure 4.15G to Figure 4.15A-F).

The additional spraying of control plants with Rhds gave results comparable to that of
the control plants with regard to the decreaserurt mass after the three-week storage
period (Figure 4.15A&H).

During storage, moisture loss may be one of theéofacresponsible for the decrease
noticed in fruit mass. Similar to the previouslysebved tendency for the reduction in fruit
size and mass (Figure 4.6A&B), the moisture convéihe control fruits also decreased as
the harvest season progressed (Figure 4.8C). ®tavdghese fruits for three weeks

resulted in a further moisture loss (Figure 4.16A).

Fruits from the calcium deficient plants also shdwesimilar decrease in moisture content
as the season progressed for the fresh as welheastored fruits (Figure 4.8B and
Figure 4.16B). No obvious distinction could be médtween the different stages of the

harvest season.

The decline in moisture content during storagettierfruits of the calcium stressed plants
treated with 1% and 2% CafCkingly and mixed with Pheroids, were similarhattof the
control- and calcium stressed fruits (Figure 4.1ANo conclusive distinctions could be
made between the efficacies of these treatmenpgetieent moisture loss during storage.
Moreover, all the fruits from these treatments sbdhe highest moisture loss during the
middle and later stages of the harvest seasonrg-#ga6C-F).
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Treating only the fruits of calcium deficient planith a 2% CaGlPheroids mixture,
again proved to be the least successful treatnoeslotv down fruit deterioration. These
fruits lost the most moisture during the three-westhrage period (Figure 4.16G),

especially for the fruits harvested during the nedehd later stages of the harvest period.

Treating control plants additionally with Pheroidsjther promoted nor inhibited moisture
loss, as the fruits of this treatment displayediltsssimilar to that of the control fruits after
storage (Figure 4.16A&H).
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Figure 4.15: Changes in the average mass of fruits from contiod calcium stressed
plants as well as the treated plants harvestedeaksv6 (early), 12 (middle) and 16 (late)
of the harvest season and stored for three weetter wwontrolled conditions. Percentage

values indicate the reduction in weight after tive¢-week storage period.
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Figure 4.16: Changes in the average moisture content (%) ofsffiom control- and
calcium stressed plants as well as the treatedtsplharvested at weeks 6 (early),
12 (middle) and 16 (late) of the harvest seasonsémd for three weeks under controlled
conditions. Percentage values indicate the chamgeoisture content after the three-week
storage period.
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4.7.2 EFFECT OF A CALCIUM DEFICIENCY AND THE SUBSEQ UENT
CORRECTIVE/PREVENTATIVE TREATMENTS ON THE BRIX INDE X,
EC, pH AND LYCOPENE CONCENTRATION OF THE FRUITS DUR ING
STORAGE

Fruit deterioration not only causes changes int frmass and moisture content, it also
affects other quality parameters such as Brix in@dectrical conductivity (EC), pH and

lycopene concentration, that may affect the tastecalour of the fruits.

The Brix index of the control fruits increased s harvest season progressed (Figure 4.8F
and Figure 4.17A). Storing control fruits for threeeks resulted in a slight decrease in the
Brix index of the fruits harvested during the meldlveek 12) of the season, and a marked
decrease for the fruits harvested during the Ettages (week 16) of the season.

Fruits from the calcium deficient plants also shdviiee tendency of an increasing Brix
index as the harvest season progressed (Figurg. H8wever, where the Brix index of

the control fruits decreased during storage, th& Bidex of the calcium stressed fruits
harvested during week 12 increased, while the Bribex of those harvested during week

16 remained constant (Figure 4.17B).

Treating calcium deficient plants foliarly with 18&d 2% CaGl singly and mixed with
Pheroids, resulted in increases similar to theiwalaleficient fruits as the harvest season
progressed. The Brix index of these fruits alsowsdt further increases after the three-
week storage period for both the middle- and latages of the harvest season
(Figure 4.17C-F).

However, spraying only the fruits of calcium stegsglants with a 2% CagZPheroids
mixture, reduced the Brix index of these fruitsidgrstorage (Figure 4.17G). This was
similar to the results observed for the controltfiuexcept that the decrease in the Brix
index of these fruits was much more pronouncedufieigt.17A&G), especially for the

fruits harvested during week 12.

The Brix index of the fruits from the control plantreated foliarly with Pheroids also

increased as the harvest season progressed (Bi@ke In contrast to the control plants,
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the Brix index of these fruits increased even ferrtturing storage and compared well to
the increases noticed for the calcium deficienit$rand the foliage Caglreated plants,
singly and mixed with Pheroids (Figure 4.17A-H).
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Figure 4.17:Changes in the Brix index of fruits from controidacalcium stressed plants
as well as the treated plants harvested at weeksnidtlle) and 16 (late) of the harvest

season and stored for three weeks under controleditions. The percentage values

indicate the changes in Brix index during the threeek storage period.
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The electrical conductivity (EC) of the control iflsiremained fairly constant during the
harvest season (Figure 4.18A). Storage of thests fiar three weeks resulted in increased
EC values for all the different stages of the haieriod. The most obvious increase in
EC was measured for the fruits harvested at weeKniiddle) of the harvest period
(Figure 4.18A).

Furthermore, a calcium deficiency and the subsdqoemective/preventative treatments
also all resulted in increased EC values as theeBaseason progressed (Figure 4.18E and
Figure 4.18B-F), especially notable for fruits hested during week 16. During the
three-week storage period, the fruits from all h#zeatments showed a further increase in
EC when harvested at weeks 6 and 12 (Figure 4.)8Btreover, the increases in the EC
of the calcium stressed fruits were on averagelyeahuble that of the control fruits
(Figure 4.18A&B). In addition, spraying calciumessed plants with 1% and 2% CaCl
Pheroids mixtures, resulted in smaller increase€@ compared to the fruits of the
calcium stressed plants treated with pure 1% andCa%k solutions (Figure 4.18C-F). In
contrast to the fruits harvested during weeks 6 at@ the fruits of the
corrective/preventativieeatments harvested during week 16, all showesfiaite decrease

in EC during storage (Figure 4.18C-F). These resuly indicate that Pheroids, as part of
a foliage CaGltreatment, apparently prevented the marked inesesfruit EC during the
early and middle stages of the harvest seasongthilromoted a decrease in fruit EC in

the fruits harvested during the later stages of#ason.

When only the fruits of the calcium stressed plamtse treated with a 2% CaPheroids
mixture, a consistent increase in fruit EC of apprately 23% were measured after
storage. This was similar to the results obtairmedélcium stressed plants treated with 1%
and 2% CaGlPheroids mixtures (Figure 4.18E-G).

Treatment of control plants with Pheroids decredsed=C with approximately 2% for the
fruits harvested during the early (week six) and ktages (week 16) of the harvest season
after the three-week storage period. Only the drbarvested during the middle (week 12)
of the season displayed an increase in the EC dewélthese fruits after storage
(Figure 4.18H).

76



Another biochemical parameter used to determingyttadity (taste) of fruit, is pH. Fruit
pH was not noticeably affected by control- and icac stress conditions, as well as the
stages of the harvest season, as it remained famhstant between pH 3.8 and 4.2
(Figure 4.19). For most of the treatments, fruitipereased only slightly during the three-
week storage period. The increase was most notedéabthe fruits harvested during the
middle (week 12) and late (week 16) stages of #redst period (Figure 4.19A-H).

Lycopene is not only a measure of fruit qualityt ivus also responsible for the red colour
of tomato fruits (Carrari & Fernie, 2006). Fruibsdge is not only associated with a loss in
mass and moisture but also a loss in colour (T&jGantwell, 1996; Znidari & Pozrl,

2006) and consequently, lycopene content.

The lycopene concentration of control fruits deseshas the harvest season progressed
(Figure 4.12 and Figure 4.20A). After three weeksstorage in the dark, the lycopene
concentration was greatly reduced, except for thiesfharvested at week 16 (Figure 4.20).
The biggest reduction in lycopene was obtainedtlier fruits harvested in the middle

(week 12) of the harvest season.

A calcium deficiency also resulted in a marked wticn in the lycopene concentration of
the fruits (Figure 4.20). As with the control fraiitstorage in the dark also resulted in
decreased lycopene concentrations in the calcidioiel fruits. The results obtained was
comparable to that of the control fruits (FigureGRA&B).

The lycopene concentration of fruits from calciutmessed plants treated foliarly with 1%
and 2% CagGlsolutions, singly and mixed with Pheroids, decedasimilarly to that of the
non-treated calcium deficient plants (Figure 4.13prage of these fruits all resulted in a
further reduction of the lycopene concentratiomeesgally in the fruits from plants treated
with 1% CaC} (Figure 4.20C). Mixing 1% and 2% CaCéolutions with Pheroids,
appeared to lessen the reduction in the lycopeneetdration when compared to the 1%
and 2% CaGltreatments (Figure 4.20C-F). This suggested imgmdwit quality in terms
of lycopene concentration when Pheroids was incduden the CadG

corrective/preventative treatments.
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Treating only the fruits of calcium stressed planith a 2% CaGl Pheroids mixture
appeared to lessen the reduction in the lycopeneetration of the fruits during storage
when compared to the foliage Ca®heroids treatments (Figure 4.20E-G), most notiably
the fruits harvested at weeks 12 and 16. Thisrtreat even resulted in an increase in the
lycopene concentration of fruits harvested andestaat the later stages of the harvest
period.

Treating control plants with Pheroids also led toeduction in lycopene content during
storage (Figure 4.20H). But, on average, it was aotmarked as the reduction in the
lycopene concentration measured for the contralstrhus, Pheroids appeared to lessen

lycopene degradation during storage in controtgr(frigure 4.20).
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Figure 4.18: Changes in the electrical conductivity of fruiterh control- and calcium
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16 (late) of the harvest season and stored foetiweeks under controlled conditions. The

percentage values indicate the changes in EC dthhenthree-week storage period.
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Figure 4.19: Changes in the pH of fruits from control- and aait stressed plants as well
as the treated plants harvested at weeks 6 (ea@yjmniddle) and 16 (late) of the harvest
season and stored for three weeks under controbeditions. The percentage values

indicate the change in fruit pH during the threeslwstorage period.

80



A: +Ca Il Before Storage B:-Ca
2.0 1 [ After storage F2.0

151 20.83% M1
1.0 | L 1.0
14.29%
05 . 6061% ] 125% | .
82.43
0.0 0.0
C: -Ca + 1% CaCl D: -Ca + 2% CaCl
20 1 L 20
—~~ ’g
£ 15 L5 B
a L 30.35% S
H 1
v 30.67% » o
, 107 IR
g 15.63% £
S 05 46.78% 05 S
g 74.68% o
© 84.31% ©
=X 00 £
S E: -Ca + 1% CaCb/P F: -Ca + 2% CaCly/P 3
S 204 L 20 §
[}
c ()
[} c
o ()
8 &
) S
-

151 11.02% r15
10.83%
101 36.59% 37106 s088% | 200 | MO
N ﬁ ﬁ -
0.0 0.0
H: +C

G: -Ca + 2% CaCl/P/Fruit

2.0 | 2.0
15 24.53% 13
94.12%
10 5.68% L 10
ﬂ ﬂ L
0.5 1 ﬁ r 0.5
0.0 0.0
6 12 16 6 12 16
Week of Harvest (WOH)

Figure 4.20: Changes in the lycopene concentration of fruitgnfrcontrol- and calcium

stressed plants as well as the treated plants $ted/at weeks 6 (early), 12 (middle) and
16 (late) of the harvest season and stored foetiweeks under controlled conditions. The
percentage values indicate the changes in the égmponcentration during the three-week

storage period.
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CHAPTER 5
DISCUSSION

5.1 THE RATIONALE FOR THIS STUDY

Tomatoes are one of the most important food crapsthe vegetable economy
(Salunkheet al., 1974; Chapagain & Wiesman, 2004). South Africa poes enough to
support an export of both fresh and processed pedlhe total volume of the tomato
industry in South Africa is approximately 650 0@hs to the value of R1.3 billion per

annum (www.nda.agric.za/docs/Cropsestimates).

Tomato yield is affected by a variety of factoracls as the availability of water, light
intensity, relative humidity, temperature, plantnsi¢y, agricultural practises and the
mineral composition of the soil or nutrient mediyRomer, 1993; Mahajan & Singh,
2006). Unfavourable nutritional conditions, suchaasalcium deficiency, can lead to the
nutritional disorder Blossom-end rot (BER). Blossend rot is also found i€apsicum
annuum (pepper fruits), Solanum melongena (eggplants) and Citrullus lanatus
(watermelon) plants (Taylaat al., 2004; Ho & White, 2005). This disorder occurs ih al
the areas where these plants are grown commerdialses can vary from very little up
to 50% to 70% of the yield, depending on the vgriehethod of cultivation, and
environmental conditions (Taylet al., 2004).

In an effort to reduce the occurrence of BER, savpractices can be used. The most
common is the addition of calcium to the soil oe tHirect spraying of plants with
additional calcium. For example, calcium deficientls are treated several months before
planting with 567 to 1134 kg CaGO ha' (http://www.ces.ncsu.edu;
http://pubs.caes.uga.edu; http://vegedge.umn.eahijle established plants that display
BER symptoms, can be sprayed directly with eithe6® CaCJ or 0.5% CaN@ every
seven to ten days for three or four applicationampubs.caes.uga.edu). Ho and White
(2005) have found that where tomatoes were spraygskly with 0.5% CaGl(w/v), the

occurrence of BER was reduced up to 40%.
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A company, Elementol (Pty) Ltd, which marketed ammiemulsion under the name of
Pheroids, claimed that it can act as a vehicléHeruptake and transport of phytologically
beneficial substances over membranes. The fattlyesed emulsion apparently acts like a
sponge carrying molecules across plant membrartesoids also apparently stimulates
plant growth in general. Elementol (Pty) Ltd praaddiittle information on Pheroids as its

patent registration is still pending.

The rationale for study was therefore to determine:

. The effect of a calcium deficiency on the growtll sreld of tomatoes grown under
controlled hydroponic conditions.

. The relationship between a calcium deficiency dneddccurrence of BER.

. Whether externally applied calcium can reduce tmeptoms and effect of a calcium
deficiency and the associated occurrence of BER.

. Whether Pheroids can act as a transport vehicleidcanolecule) for externally
applied CaCl solutions under calcium stress conditions.

. Whether Pheroids stimulate growth and yield in gainend can thus be promoted as

a growth stimulating substance.

5.2 EFFECT OF A CALCIUM DEFICIENCY ON THE VEGETATIV _E AND
GENERATIVE DEVELOPMENT OF TOMATO PLANTS

Tomato plants were cultivated in a greenhouse wude the effects of environmental

conditions on vegetative growth. Temporary higthtigtensities were avoided by partial

shading and the greenhouse temperature was regjbleteeen 16°C and 25°C throughout
the study. The pH of the complete- and calciumaikft Hoagland’s nutrient medium

used in this study, were maintained between 5.5%ahd

This study, like those by Camackbal. (2002) and Tsuyuzaleat al. (2004), confirmed
that calcium is an important inorganic nutrient aeek for plant growth (Figure 4.3A&B).
The growth of the young plants, both length andopgndiameter, were impeded by a

calcium deficiency, which in the long term mightezt the yield potential negatively.
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According to Terry and Huston (1975), calcium plapsimportant role in the regulation of
nutrient transport and photosynthetic capacity.uR&dn of these processes will therefore
decrease the amount of nutrients and carbohydaatgkable for growth and development,
resulting in reduced growth potential, as was olegkifor the calcium stressed plants in

this study.

Moreover, the growth of the calcium stressed plamght also have been hampered due to
the importance of calcium for cell division (Sab&aMiller, 1993) and cell expansion
(White & Broadley, 2003). In these plants the Io&datcé*]cyt concentration could have
reduced cell expansion by affecting the incorporabf vesicles that contain the materials
and enzymes required for membrane and cell wallstcoction, negatively. Calcium
accumulation in the vacuoles of the cells mighb diave decreased due to the calcium
deficiency, thus decreasing cell volume and cek $Hirschi, 2001). Thus, growth in these
plants might have been reduced due to a redugtiorli number and cell size.

In addition, the integrity of the plasma membrames/ be reduced in the calcium stressed
plants due to a lack in calcium. In these plargs I8&" is available to bind the negatively
charged lipids in the plasma membrane, reducingénmeability thereof. The membranes
will become leaky to charged solutes, which wilusa cell death and a reduction in
growth (Ho & White, 2005).

Another factor that might also have affected thgetative growth of these plants, is
reduced cell signalling and signal perception. Taek of calcium affects [(?éjcyt

perturbations negatively by affecting the signatfrthe perturbation. This may disrupt the
link between developmental and/or environmentahslii to the appropriate physiological

responses.

Calcium not only affected the vegetative developnoérthe plants, but also the generative
development of the plants (Table 4.1). Generatesetbpment entails the development of
the reproductive structures, which include budwr- and eventually fruit formation. A

calcium deficiency lengthened the time period fangadoud development and thus delays
bud development. However, a calcium deficiency imaepparent effect on the time period
forgoing flower- and fruit development. Therefoie,appears that calcium is not only

important for the vegetative development of plamis also for generative development.
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A delay in bud development of three days, as waemed in this study (Table 4.1), may
affect yield negatively to a certain extent.

5.3 EFFECT OF A CALCIUM DEFICIENCY AND SOME PREVENT ATIVE
TREATMENTS ON YIELD

In this study, a possible genotypic trait for tHerllade cultivar was observed in average
fruit size and mass. It decreased for the fruitalbthe treatments used in this study as the
harvest season progressed (Figure 4.6). This neduict fruit size and mass is the reason
why commercial producers terminate the harvestoseadter a few weeks, as further
harvesting present a potential financial loss (Polkt al., 2004). More studies that
compare different determinate cultivars with reg&wdfruit size and mass during the

harvest season are required to investigate theljldgf such a genotypic trait.

The experimental layout of this study represenmat@imately 43 000 plants. haBased
on this plant density, a total yield of 104 421 kg' (Table 4.2), with a calculated gross
income of R 417 685. Ha(Table 4.3), were harvested over an experimergabg of
16 weeks from the control plants cultivated undentwlled hydroponic nutrient
conditions. The plants cultivated in a nutrient med deficient of calcium produced
smaller fruits (Figure 4.5) and subsequently a lotetal yield (Table 4.2) than the control
plants. This resulted in a loss of R 270 590" fma the calcium stressed plants.

The negative effect of a calcium deficiency on ¢ied probably due to the necessity of
calcium for normal cellular functioning. A calciudeficiency affected fruit growth and
yield, possibly by affecting assimilate accumulatio the fruits. Assimilate accumulation
is determined by the number of cells present infiiiés, the size of the fruit cells and the
availability of assimilates (Bertiet al., 2002). Thus, if a calcium deficiency affects the
assimilates available for accumulation, the nundfexells and/or the size of the fruit cells

negatively, it will reduce fruit size and conseqtlegield.

The cell size of the calcium deficient plants mayd been restricted by aberrant”[%
signals. The latter may fail to generate the praj@elopmental responses that initiate cell
expansion. This will restrict cell expansion, reidigccell size, and ultimately fruit size in

calcium stressed plants. Cell expansion in thesdsfrmay also have been affected
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adversely by a lack in hydrostatic pressure, whikEhnecessary for normal cellular
development. In calcium stressed cells, it is pmesthat less Ca is available for
accumulation in vacuoles. Consequently, not endugirostatic pressure is generated to

ensure normal cell expansion, thus contributinthéoreduction in cell size.

A factor that may reduce the number of cells presernhe calcium stressed fruits, was
uncontrolled cell expansion that lead to cell de&hbll expansion is stopped when the
pectins in the cell wall become progressively derdt'ed and branched through the
activity of pectin methylesterases and crosslinkageC&* (Cosgrove, 2000; White &
Broadley, 2003; Ho & White, 2005; Carrari & Fern&)06). In the calcium stressed fruits,
it is possible that cell expansion cannot be stdppee to a lack in G4 which
consequently results in structural weakness arfdrithed cells that are prone to breakage,
as was reported by Ho and White (2005).

A further factor which might have contributed te teduction in the number of cells in the
calcium stressed fruits, is the importance of cefcifor membrane permeability. In the
calcium stressed fruits, the plasma membranes neagnbe leaky due to the calcium
deficiency, which could lead to cell death (Ho & M¢h 2005) and the subsequent

reduction in the number of cells present in thégrand therefore fruit size.

A calcium deficiency might also have reduced adat@iaccumulation, since fruit size is
apparently linearly related to the import of suerasto fruits (Wanget al., 1993). It is
possible that a calcium deficiency reduces the labi@ assimilate by reducing the
photosynthetic rate in the plants, as well as i ftuits Rangnekar, 19%% Terry &
Huston, 197% The fruits synthesize between 15% and 20% dbttd required carbon via
photosynthesis during the green stage (ObiadalleetAdl., 2004), while the rest of the
carbon assimilated in the fruits is imported frdme green, photosynthesizing parts of the
plants. Studies conducted on the chlorophyll cotraéion of tomato leaves, showed that
after an eight to ten day calcium deficiency period% of the chlorophyll content were
lost and there was a 30% reduction in the photbsyiat rate Rangnekar, 19%H
Terry & Huston, 197p

Additionally, a calcium deficiency would also haegluced the translocation of assimilates

to the fruits, since calcium plays a major roletle translocation of carbohydrates and
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proteins (Poovaiah & Leopold, 1973; Terry & Hustdl975; Gossetet al., 1977;
Fuente, 1984).

In an effort to reduce the negative effect a cafcideficiency has on yield, commercial
growers either treat the soil with additional cati by adding approximately 600 to
1100 kg CaC@ ha' to the soil several months before planting (Witywiv.ces.ncsu.edu),

or they spray established plants with 0.25% Ga&€D.5% CaN@every seven to ten days
for three or four applications (www.pubs.caes.ug@.eln this study, 1% and 2% CaCl

solutions, applied foliarly, were used as an exksource of calcium for plants grown
hydroponically in a calcium deficient Hoagland’snent medium.

Applying 1% and 2% Caglsolutions foliarly to the calcium stressed plam@duced the
effect of a calcium deficiency to a certain exted,it improved fruit mass, size and yield
above that of the non-treated calcium stressedpidigure 4.6A&B and Figure 4.4A).
However, there was little difference between theldg obtained for the plants sprayed
foliarly with 1% and 2% CaGlsolutions since it resulted in yields of 67 592 kg' and
66 754 kg. ha respectively (Table 4.2). It appears that the timitl calcium was
absorbed and entered the plants to replenish tlaé*][,g;mastand [Ca—’(]cyt levels of the
calcium stressed plants, thus possibly improving devision, cell expansion, cell
signalling (Jiang & Huang, 2001; White, 2001; Sypanhet al., 2006), enzymatic
functioning and (Jiang & Huang, 2001) the photokgt#/assimilate supply to the fruit
cells (Poovaiah & Leopold, 1973; Terry & Huston, 789 Rangekar, 19&&Db;
Gossettet al., 1977; Fuente, 1984; Skormska-Politet al., 1998; Zhuet al., 2004). The
calcium in the solutions seemingly diffuses throdg cuticle of the leaves and enters the
plant and fruit cells via calcium permeable chasnklowever, the calcium concentration
in the 1% and 2% Cagsolutions were not sufficient to completely alkee the effect of
the calcium deficiency and to restore yield to thiathe control plants. Although the 1%
and 2% CagGl treatments improved the total yield of the calcistiessed plants
(44 084 kg. ha) with 23 508 kg. hd and 22 670 kg . Rarespectively, the yields obtained
from these treatments were however, still 36 82%hieg and 37 667 kg. haless than the
104 421 kg. ha harvested from the control plants (Table 4.2). TBe and 2% CaGl
treatments resulted in gross incomes of R270 367.amd R267 019. Rarespectively,
which is an improvement of R94 029."hand R90 681. hhabove that of the non-treated

calcium stressed plants (Table 4.3).
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To further increase the calcium concentration &gpto the calcium stressed plants, the
frequency of the spray applications can be incetésen once every two weeks to once a
week. It is suggested that the effect of weeklatireents on calcium stressed tomatoes
(cv. Floridade) to reduce BER and improve yieldygt be investigated. Another option is
to increase the Cagtoncentration of the sprays. However, pre-teatstrshowed that a
4% CaC} solution burns the vegetative- and generativespaftthe plants (Results not

shown). Therefore, increasing the Ca@incentration above 2% is not a feasible option.

Based on the claims made by Elementol (Pty) Ltd Bieeroids may act as a vehicle for
transporting phytologically beneficial substancesranembranes, another way to increase
the calcium concentration in the plants, was bycKpag” the Pheroids micro-emulsion
with the 1% and 2% Cagsolutions “Packing” Pheroids with Cagimplies that the 1%
and 2% CaGl solutions were mixed with Pheroids in a ratio ofc®® Pheroids to
100 cnf CaCh solution after which it was stirred on a mixer 0 minutes before the
mixtures were sprayed onto the plants. It was hygmized that mixing 1% and 2% CaCl
solutions with Pheroids should improve the calceoncentration provided by the 1% and
2% CaC} solutions by the increased absorption and tratspom of calcium into the
calcium stressed plants by Pheroids, resultingigmdr [Cé*]apomastand [Cé*]cyt levels
than when the plants were sprayed with only theab®2% CaGlsolutions. Higher levels
of intracellular calcium might improve cell divisipcell expansion, cell signalling (Jiang
& Huang, 2001; White, 2001; Supanjagii al., 2006), photosynthate/assimilate supply
(Terry & Huston, 1975; Rangekar, 1%&h; Brand & Becker, 1983;
Skorzyhska-Politet al., 1998; Zhuet al., 2004), enzymatic functioning (Veierskov &
Meravy, 1985), antioxidant activity, guard cell tmgand stomatal opening (Jiang &
Huang, 2001; White, 2001), ultimately improving la&r functioning and the overall
health of the plants. It was further hypothesiZ&at in response to the improved cellular
functioning, the fruit size and mass, and consetiy¢he yield of the calcium stressed
plants treated with the Ca{Pheroids mixtures, should also improve. Howeveacking”
Pheroids with 1% CaGtesulted in a reduced yield as these plants pexti@c703 kg. ha
less than the plants treated with only the 1% ga@lltion. In contrast, mixing Pheroids
with the 2% CaGl solution increased the gross vield with 645 kg* hapresenting an
increase of R 5 928. Han gross profit (Table 4.2 and Table 4.3). Thusnay be possible
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that Pheroids improved the diffusion of calciumoirthe plants, consequently increasing
the [C& ] apoplastand [C&']cy: concentrations sufficiently, thus improving yield.

It is also possible that Pheroids in the GaRheroids mixtures influence the source-sink
relationship by stimulating fruit growth. Heuvelifk997) and Gargt al. (2003) showed
that a relationship exist between the size of thésf and the number of fruits produced.
He found that the weight of individual fruits deased as the number of fruits produced
increased. In this study it was observed that ngixPheroids with CaGlsolutions
seemingly reduced fruit size (diameter) and yiefthgs) when compared to the plants
treated with CaGl solutions only. However, the CaCPheroids solution did exhibit a
slight increase in the number (n) of fruits prodijcespecially in the case of the 1% GaCl
Pheroids treatment (Figure 4.4A&B and Figure 4.7A&Bhe sink strength of fruits is
determined by growth rate and size, which depemdshe number and the size of fruit
cells (Wanget al., 1993; Ho, 1996). Mixing Pheroids with the Ca€blutions might have
stimulated fruit growth by increasing the assinglatipply to the cells, which will increase
cellular functioning and subsequently the growthhef calcium stressed fruits, but since
the calcium stressed plants were cultivated inleilsa deficient nutrient medium, fruit
growth could not be maintained due to the calciweficeency. This reduced the average
fruit size and consequently yields, as was obsemmethis study (Figure 4.7)Thus, it
appears thaPheroids may have a stimulatory effect on fruitwgig as claimed by
Elementol (Pty) Ltd. The effect of the 2% Ca®heroids mixture on the source-sink ratio
was, however, less pronounced, possibly due tdidjeer calcium concentration of the

mixture which might have improved cellular functiog.

In contrast to the treatments where calcium deficgants were sprayed foliarly with the
1% and 2% CaGIlPheroids mixtures, treating control plants witlkeRlds had the opposite
effect on the source-sink relationship of the @aiithis treatment clearly stimulated fruit
growth in terms of fruit size and mass, while insitaneously decreased the number of
fruits produced (Figure 4.4A&B and Figure 4.7A&Bhis suggests that these fruits have
developed a bigger sink capacity than that of tharol plants, which ultimately resulted
in a larger yield. Thus, treating control plantshwiPheroids resulted in a total yield of
107 509 kg. ha which is 3 088 kg. ha more than that of the control plants
(104 421 kg. hd). This amounts to a difference of R12 349 lragross income between
the two treatments (Table 4.3).
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Pheroids, as an emulsion containing free fatty saamlight stimulate fruit growth if the
fatty acid component of the emulsion is metaboliZzBuke fatty acids are possibly broken
down in the peroxisomes of the leavesAaxidation to acetyl-coenzyme A (acetyl-CoA),
which could participate in the synthesis of sucrmséhe cytosol (Anderson & Beardall,
1991, Salisbury & Ross, 1992). Sucrose may themdmsported from the leaves and stems
to the developing fruits increasing fruit size,carnthe concentration of sucrose imported
into fruits is related to the size of the fruits §ig et al., 1993; Islamet al., 1996;
Obiadalla-Ali et al., 2004). The sink strength of these fruits woukbahave increased if
the growth rate of the fruit cells increased (Wam@l., 1993; Ho, 1996). Acetyl-CoA
might have affected the growth rate of fruits iedity by acting as a substrate for the TCA
cycle thereby stimulating plant- and fruit growttdirectly by increasing ATP production
through cellular respiration (Anderson & BeardalQ91; Salisbury & Ross, 1992).
Moreover, acetyl-CoA is also used for the synthedis diverse set of phytochemicals
including waxes, isoprenoids, and flavonoids in tdyosol (Salisbury & Ross, 1992),

which suggests that Pheroids may stimulate planwirin general.

It must be kept in mind that the fruits also cam® icontact with Pheroids during the
foliage treatment of the control plants. Thus, iaymbe possible that the membrane
permeability and strength of these fruits were iowvpd due to contact with Pheroids. The
free fatty acids in the Pheroids emulsion mighersgthen and improve the plasma
membrane integrity of the fruits by binding covdlgrio the phospholipids in the bilayer
structure of the plasma membranes. This may inerteescell size of the fruits, which will
also increase the sink strength of these cells,camdequently the amount of assimilates
and photosynthates imported into the fruits (Waagal., 1993; Islamet al., 1996;
Obiadalla-Aliet al., 2004). Thus, increasing cell size by means ahbrane structure may
be another possibility that results in larger Budas was observed when control fruits were

treated with Pheroids.

To determine the efficiency of the Ca@lliage treatments on calcium stressed plants, the
2% CaC} Pheroids foliage treatment was compared to anrerat where only the fruits of
the calcium stressed plants were treated with #te @aCh Pheroids mixture. It was
reasoned that the 2% Ca®heroids foliage treatment would give better tsscbmpared

to the other foliage treatments due to the higheClCconcentration absorbed through the
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action of Pheroids. Treating only the fruits witle 2% CaGl Pheroids mixture resulted in
a low gross yield of only 36 245 kg. hawhich was 31 922 kg. Hdess than when the
whole plant was sprayed with this mixture. Thisutesl in a loss of R127 968. han
gross income. It was hypothesized that mixing Rdsraith the CaGl solutions would
stimulate fruit growth, which in turn will increagbe assimilate demand of the fruits
(sinks) from the vegetative parts of the plant (sey However, due to the calcium stress
to which the plants were subjected to, the leapgear to be unable to meet the demand of
the fruits, since a severe calcium stress will lteBu aberrant cell signals, structural
weakness, loss of membrane permeability, precocicels division and expansion
(Ho et al., 1993; White & Broadley, 2003; Ho & White, 2005)dueed photosynthesis-
(Jiang & Huang, 2001; Zhet al., 2004) and enzymatic functioning (Matsumatoal .,
1980; Veierskov & Meravy, 1985; Macintoghal., 1996; Schmitz-Eibergest al., 2002;
Schmitz-Eiberger & Noga, 2003). It appeared that itrability of the leaves (source) to
meet the fruits’ demand finally resulted in smabed fewer fruits (Figure 4.6A&B) and

consequently a decrease in yield (Figure 4.4A&B).

It is clear that a calcium deficiency has a nega#iffect on yield as it reduces fruit size and
subsequent yield. Applying external 1% and 2% Gagdiutions foliarly, reduce the
negative effect of a calcium deficiency and impréngt size and yield to a certain extent.
Mixing Pheroids with the 1% and 2% CaGolutions further enhance fruit growth and
yield, which was however, still less than thatle tontrol plants.

54 EFFECT OF A CALCIUM DEFICIENCY AND THE PREVENTA TIVE
TREATMENTS ON FRUIT QUALITY

The control plants were cultivated in a hydroposet-up in complete nutrient conditions.
It can thus be assumed that the fruits harvested these plants represent fruits of a high
quality. The fruits were allowed to develop fullyn dhe parent plant until they were
considered to be “consumer ready” before they weaesested. A number of quality
parameters, namely moisture content, the dry nfessh mass ratio, Brix index, EC and
lycopene concentration, were used to determineqaadtify the quality of the fruits. Even
though the fruits became smaller as the harvesbsearogressed (Figure 4.8A), the fruits
harvested from the control plants still represeriters of a high quality irrespective of the

stage of harvest. During the early stages of thevelsa period, the fruits weighed
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approximately 80 g and had a moisture content ®8% (Figure 4.8A&C). As the harvest
period progressed, the average fruit weight deeckds approximately 40 g and the
moisture content to approximately 90%. The dry massained relatively constant at
approximately 5 g. fruit for the entire harvest period. However, the dryssifaesh mass
ratio of 1:15 at early harvest decreased to 1:9induthe later stages of harvest
(Figure 4.8B). An increase in the EC and Brix ind#xthe fruits from approximately
3.6 mS. crit to 5.1 mS. cnt and 6.5% to 11% respectively, indicates clear hudia
changes as the harvest period progressed (Fig8je Bven though the fruits contain
higher concentrations of assimilates during the saages of the harvest season, the health
associated properties of the fruits decreased gimedycopene concentration decreased
from + 1.5 mg. kg dry mass at early harvest to + 0.5 mgkiyy mass at late harvest.
Amongst the carotenes, lycopene dominates (Podtleal., 2004) and constitutes on
average 80 to 90% of the total carotenoid cont@sofgeet al., 2004). Lycopene is
strong antioxidant and serve as an intermediatéh@rbiosynthesis of other carotenoids
(Rao & Agarwal, 1999). There is a considerable baidgvidence that link a high intake of
tomatoes and lycopene to a reduced incidence dftgie cancer and DNA damage in
white blood cells (Bramley, 2002). It was also fduthat lycopene is, without doubt,
superior too- andp-carotene in inhibiting cell proliferation in vatis epithelial cancer cell
lines (Sahliret al., 2004).

Although a calcium deficiency reduced yield marked had no apparent effect on most
of the parameters used to determine fruit qualitgating calcium stressed plants with
1%- and 2% CagGlsolutions, singly and mixed with Pheroids, alsd ha apparent effect

on fruit quality. These treatments did not improwa decrease the quality of the fruits
harvested from the calcium stressed plants, wheohpared well to the quality of the fruits

from the control plants (Figure 4.8).

When control plants were treated additionally wWatieroids, the dry mass:fresh mass ratio
(Figure 4.8B) and moisture content (Figure 4.8QQemped to be slightly higher than that
of the other treatments. This suggests that thases fcontain slightly more moisture
relative to its carbon content than the fruits fribra other treatments. As said before, when
the plants were sprayed with Pheroids, some @riitecin contact with the fruits. It may be

that the fatty acid component of Pheroids was nodizdd to acetyl-CoA vig-oxidation,
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which might increase cellular respiration, cellulanctioning and plant- and fruit growth

in general.

Although a calcium deficiency had no clear effeat most of the parameters used to
qguantify fruit quality, it improved the health bémne of the fruits by increasing the
lycopene concentration in the calcium stressedsfrompared to the control fruits slightly
(Figure 4.12). Treating the calcium stressed plaakditionally with 1% and 2% Cag£l
solutions, singly and mixed with Pheroids, mighvdaeduced the effect of a calcium
deficiency by increasing vyield, but also resulted lowered lycopene concentrations
compared to that of the non-treated calcium stiegdants (Figure 4.12). It may be
possible that the fruits of the calcium stresseshisl produced more lycopene as BER, the
result of a calcium deficiency, is known to indugeening (Suzukit al., 2000). Ripening

Is the transition from a partially photosynthetic-a true heterotrophic metabolism by the
parallel differentiation of chloroplasts into chroplasts and the dominance of carotenoids
and lycopene (Carrari & Fernie, 2006). This is mptex, genetically programmed process
that culminates in colour, composition, aroma, diavand textural changes and appears to
be regulated by hormones and may be modified byetgemnd environmental factors
(Atherton & Rudich, 1986; White, 2002; Alexander @rierson, 2002). In the calcium
stressed fruits, the lack of calcium may have douted to the premature differentiation of
chlorophyll to chromoplasts via chlorophyll degrada. Studies have reported a 50%
decrease in tomato leaf chlorophyll due to a caicteficiency after just eight to ten days
of calcium deprivation Rangnekar, 19#). Treating the calcium stressed plants with
1% and 2% CaGlsolutions, singly and mixed with Pheroids, apptyeimcreased the
calcium available to the fruits sufficiently to peant the possible premature chlorophyll
degradation, thus resulting in reduced lycopenaimcatation compared to the calcium

stressed fruits, as was noticed in this study (feigul?2).

In addition, treating control plants with Pheroidssulted in the highest lycopene
concentration of all the treatments (Figure 4.123an be hypothesized that the fatty acids
in the Pheroids emulsion are metabolized to adc@bp- via B-oxidation in the
peroxisomes. Acetyl-Coenzyme A (acetyl-CoA) is agorsor molecule for the mevalonic
acid (MVA) pathway (Figure 2.2) to produce cytosolPP (Eisenreichet al., 2001;
Botella-Pavieet. al., 2004; Francis & Cunningham, 2002; Bramley, 200@mézakiet al.,
2004; Ahn & Pai, 2008). Isopentenyl diphosphatePjilRnd DMAPP are condensed in
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their respective compartments to yield prenyl dggimtes that lead to the synthesis of
isoprenoid products (Figure 2.2). Geranylgeranybhdsphate synthase catalyze the
reaction between three IPP units and one DMAPP umiyield GGPP (Figure 2.2).
Geranylgeranyl diphosphate (GGPP) is the immedigtecursor for the first
C4o carotenoid, phytoene, from which lycopene is ewally synthesized (Figure 2.2;
Francis & Cunningham, 2002; Bramley, 2002; Bot&lasaet. al., 2004; Ahn & Pai,
2008). However, Pheroids as part of the Ga@teroids mixtures, failed to increase the
fruit lycopene concentration of the calcium stresgkants. This might be due to the effect

that the calcium deficiency had on growth and fdgéivelopment in general.

To summarize, it appears that fruits harvestedndutie early stages of the harvest season
are less concentrated, but healthier in terms ajdgne content than the fruits harvested
during the late stages of the harvest season. idddittreatment with Pheroids results in
fruits that contain a higher moisture- and lycop@&oatent, thus improving the health
benefits of these fruits slightly. A calcium deéiocy and all the subsequent preventative
treatments have no clear effect on most of theityuphrameters used to quantify fruit
guality. A calcium deficiency does; however, seemniprove the health benefits of the
fruits somewhat, as it resulted in a slightly highgopene concentration. The increase in
the fruit lycopene concentration of the non-treatatcium stressed- and control plants
sprayed with Pheroids, is not marked enough to amarthe use of these treatments to

improve fruit quality for economical purposes.

5.5 EFFECT OF A CALCIUM DEFICIENCY AND THE PREVENTA TIVE
TREATMENTS ON THE OCCURRENCE OF BLOSSOM-END ROT (BER)

Blossom-end rot, as a nutritional disorder, is camnm tomatoespepper fruits, eggplants
and watermelon (Tayloet al., 2004; Ho & White, 2005) and is mainly initiated ky
cellular dysfunction in fruits during cell expansicaupon a local transient calcium
deficiency (White & Broadley, 2003). The symptonfsBER are most noticeable at the
blossom-end of the fruits as discoloured necroggsue, because less calcium is delivered
to the blossom-end of the fruits, especially durpegiods of rapid fruit growth (Ho &
White, 2005), as the density and number of the mylessels decreases towards the
blossom-end of the fruits during fruit expansioro(@ al., 1993; Suzukgt al., 2000). All
environmental and genetic factors that influeneedbcurrence of BER in tomatoes, either
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affect the rate of cell expansion, or the delivefycalcium to the young tomato fruit
(Ho et al., 1993). The induction of BER normally occurs onghieee weeks after anthesis
when a calcium deficiency is most disastrous (Sweelde& Voogt, 1991; Heet al., 1999;
Taylor et al., 2004). The occurrence of BER causes substantiahdial losses of up to
70% world wide depending on the -cultivar, agrictdtu practices, environmental
conditions and location (Tayloret al., 2004; Ho & White, 2005;
http://www.ipm.uiuc.edu/diseases). As mentionedionesly, to prevent the occurrence of
BER, calcium deficient soils are treated with apgrately 600 to 1100 kg CaGOha*
several months before planting (http://www.ces.rexu). Alternatively, the occurrence of
BER can also be reduced by spraying establishedtsplaith BER symptoms with
0.25% CaCl or 0.5% CaN@ every seven to ten days for three to four appboat

(Wwww.pubs.caes.uga.edu).

Results from this study confirmed that a calciunfiailency induces BER in tomatoes
(Figure 4.13A&B and Figure 4.14). The loss of yigldhe calcium stressed plants grown
under hydroponic conditions was approximately 70%hjch is similar to the losses

reported by other authors (http://www.ipm.uiu.edu).

Calcium enters the plant by diffusing into the reetls after which it is transported by
means of the symplastic- and apoplastic routesugirahe plant (White & Broadley,
2003). These two routes allow the roots to fulig tcalcium demand of the shoot without
compromising intracellular [Cfacyt signalling (White, 2001; White & Broadley, 2003).
The majority of calcium is transported via the dpepc route through the transpiration
stream in the xylem, firstly to the strongest tgaretion sinks namely the older leaves,
after which the remaining calcium is transportedhi® weaker transpiration sinks, namely
the younger leaves and fruits (Pate & Hocking, 1948lperinet al., 1997; White &
Broadley, 2003; Busse & Palta; 2006). During a icafcstress, as was induced in this
study, the older leaves will probably accumulatesimof the calcium available to the
plants. This will lead to the development of a zait deficiency in the blossom-end of the
fruits during fast growing developmental stagesuling in the development of BER
symptoms (Kucet al., 1981; Berghoef, 1986; Hernandeizal., 2004). In the fruits that
develop BER symptoms, the epidermis and sub-epigemarenchyma collapse, the
plasma membrane and tonoplast are disrupted, tiie wadl become wavy, the

mitochondria and ER brake, organelles degenerate th@ plastids of the fruit cells
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become swollen. This will result in the formatiohboown, necrotic tissue at the blossom-
end of the fruits, the major symptoms of BER (Suatlal., 2000), as was observed in the

calcium stressed plants of this study (Figure 2.3).

Moreover, despite being cultivated in a completeagland’s nutrient medium that
contains sufficient quantities of calcium, the eohplants also developed BER symptoms,
but to a smaller degree (Figure 4.13). This mague to the formation of a local calcium
deficiency during rapid fruit cell growth (Ehret &0, 1986; Marcelis & Ho, 1999), which
normally occurs one to three weeks after anthesismatoes (Sonneveld & Voogt, 1991,
Ho et al., 1999; Tayloret al., 2004). There are two possible explanations for sutdcal
cellular calcium deficiency in the control fruit3he complete nutrient medium may
stimulate vegetative growth resulting in large,egréeaves with a high transpiration rate.
This will increase the sink strength of these vatyet parts resulting in the preferential
distribution of calcium to these parts, causingaskciam deficiency in the fruits during
periods of rapid cell expansion when the calciunmaled in the fruits is highest
(Sonneveld & Voogt, 1991; Taylogt al., 2004). Alternatively, the complete nutrient
medium may stimulate fruit growth to such an extinatt the supply of calcium via the
apoplastic- and symplastic routes cannot meet #hauen demand of the fruits during
periods of rapid fruit growth (Het al., 1993; White & Broadley 2003).

Between the control plants and the calcium strepdacts, a calcium deficiency clearly
has the more noticeable effect on the occurrend®ER, as the marketable yield of the
calcium stressed plants were only 28 707 kg tmmpared to the 96 354 kg. héor the
control plants (Table 4.2). Thus, a calcium deficie resulted in a financial loss of
approximately R270 000. HgTable 4.3). This clearly indicates that a suéfiti supply of
calcium in the nutrient medium or soil is requitededuce the effect of BER on yield and
profit margins (Figure 4.13A&B and Table 4.3).

To reduce the occurrence of BER and its effect ieidyand income, additional calcium
was supplied to the calcium stressed plants byysmgat foliarly with 1% and 2% Cagl
solutions. These concentrations were based onquewtudies (Ho & White, 2005). It was
reported that 0.5% Cag¥prayed weekly, reduced the occurrence of BER nmatoes up
to 40% (Ho & White, 2005). Instead of spraying aaic stressed plants on a weekly basis,
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in this study it was sprayed once every two weesguhigher CaGlconcentrations of 1%
and 2%.

The 2% CadGl solution proved to be more successful in redu@&dR (Figure 4.13) than
the 1% CaGl solution. The net income of the 2% Ca@katment was R228 399. ha
R142 192.40. Ha more than that of the calcium stressed plants. ther 1% CaGl
treatment the net income was R206 942}, iR92 114. hdmore than that of the calcium
stressed plants. It was postulated that the highkium concentration in the 2% CaCl
solution might elevate the [é*ﬁacyt and [Ca?l*]apomast levels in the plants. Thus, more
calcium might have been available to the weakekssinamely the fruits, to reduce the
occurrence of BER (Figure 4.13), more than in tlasecof the 1% Caglsolution.
However, this study shows that both the 1% and &¥ndt provide the calcium stressed
plants with enough calcium to completely reducedbeurrence of BER and improve the
marketable yield to the levels observed for thermmplants (Table 4.2 and Table 4.3).

The occurrence of BER may be further reduced byeasing the Caglconcentration in
the foliage treatments. However, as mentioned ptsly, preliminary tests have revealed
that a concentration of 4% CaCburned” the plants, since necrotic patches depezloon

the leaves (Results not shown), making this anvialble option.

Another way to possibly raise the calcium levelsthe cells, was to mix the CaCl
solutions with Pheroids and use it as foliage sprapis was one of the principle aims of
this study, namely to evaluate the potential ofrBigs to act as a vehicle for the transport
of substances over membranes. It was hypothesizaidthe absorption of CaCby
Pheroids might increase intracellular calcium Isug} increasing the transport of calcium

into the plants.

The results obtained for the 1% CaCPheroids mixture (Figure 4.4A&B and
Figure 4.6A&B) do not provide convincing evidencleat mixing Pheroids with a
1% CaC} solution enhance the absorption of externally ggpkalcium by plants and
thereby reduce the occurrence of BER. It mightlmeigh that the calcium stress to which
these plants were subjected to, may have beenédweres for the 1% CaglPheroids

mixture to reduce the incidence of BER effectively.
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In fact, treating calcium stressed plants foliawhth the 1% CaGCl Pheroids mixture,
increased the occurrence of BER. The same phenomeas also observed when control
plants were sprayed additionally with Pheroids.sTduggests that Pheroids might act as a
growth stimulant, as claimed by Elementol (Pty),ldohce it was demonstrated previously
that all environmental and genetic factors thalugrice the rate of cell expansion or the
delivery of calcium to young tomato fruit, affetetoccurrence of BER (Hei al., 1993;
Marcelis & Ho, 1999). Thus, it may be argued thhemids, as a stimulant, might be
responsible for the higher incidence of BER in btitd control and 1% Cag£Pheroids
treated calcium stressed fruits. It is speculatet Pheroids in the 1% CaCPheroids
mixture stimulated fruit growth under the calciurtress conditions, thereby further
increasing the existing calcium deficiency in theit by increasing the calcium demand
of the fruits under calcium deficient conditionbus$ increasing the incidence of BER.
Similarly, the stimulation of fruit growth by Pheds under controlled nutrient conditions
will increase the calcium demand of the fruitsthHé rate of calcium supply, especially
during periods of rapid fruit growth, cannot mele¢ tcalcium demands of the fruits, the
fruits will develop BER symptoms, even though stiéfint quantities of calcium are present

in the nutrient medium.

Therefore, treating calcium stressed plants wigh% CaCl Pheroids mixture resulted in

a financial loss of R227 642. halue to the higher incidence of BER, compared & th
R178 475.80. Halost when 1% CagGlis applied singly. Treating the control plantstwit

Pheroids caused a financial loss of R47 893.40.(fable 4.3). Thus, applying Pheroids
under control or calcium stressed conditions a$ pama pure Pheroids treatment or a
1% CaC} Pheroids treatment, is counter productive andeosohomical as it increases the
incidence of BER and decreases the marketable wietd subsequently profit margins
(Table 4.3).

However, mixing Pheroids with the 2% CaGblution did reduce the occurrence of BER
effectively (Figure 4.13A&B). The net yield obtatheith the 2% CaGIPheroids mixture
was 7 155 kg. HAmore than with the 2% CaC3olution, due to a marked reduction in the
occurrence of BER (Table 4.2 and Table 4.3). Mixigeroids with the 2% Cagdolution
may contribute to the reduction in BER via two plokes ways. Firstly, the Pheroids
emulsion may be “packed” with CaCholecules or dissolved &a after which the

Pheroids-calcium complexes diffuse across the mands, thus increasing the transport of
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additional calcium into the cells. The increaseldioen levels may supply more calcium to
the fruits during periods of rapid fruit growth,etieby reducing BER and increasing the
marketable yield. Secondly, the fatty acid componenthe Pheroids emulsion may
strengthen the plasma membranes by binding to tlesgholipids in the membrane
structure. If the strengthened membrane remairtirdnd permeable under the calcium
stress conditions, the occurrence of BER will pldpde reduced, as loss of permeability,
cell leakage and cell death are some of the fundeaheauses of BER (Suzukt al.,
2000; Ho & White, 2005). Pheroids may have had shene effect on the plasma
membranes of the calcium stressed plants treatigtlyowith the 1% CaGCl Pheroids
mixture. However, because of the severity of thieigan stress and the lower calcium
concentration in the 1% CaCPheroids mixture, the extent to which the calcium
deficiency was reduced and the membranes strergfdharas not sufficient to reduce cell

leakage and loss of permeability to prevent theioveace of BER.

To improve the efficiency of the 2% Ca(®heroids mixtures to reduce the incidence of
BER and increase marketable yield and profitss isuggested that the plants should be
sprayed on a weekly basis rather than once everyweeks. Further studies are needed to
test this and determine the costs involved of weagblications.

The efficiency of the foliage 2% CaCPheroids treatment was also compared to a
treatment where only the fruits of calcium stresgkohts were sprayed with this mixture.
The latter treatment also effectively reduced theuaorence of BER (Figure 4.13). Direct
treatment of fruits appears to increase the caldtatus of the fruits more effectively than
the foliage treatment. Application of the 2% CaEheroids mixture directly to the fruits
might eliminate the competition for calcium betwedba weaker- (young leaves and fruit)
and stronger transpiration sinks (mature leavesyassobserved by Taylet al. (2004) in
tomatoes. The rate of calcium delivery to the &uwhen applied directly, appears to be
faster than when calcium had to be transported ftbenleaves to the fruits via the
apoplastic- and symplastic routes. With this dirapplication and 2% CagIPheroids
concentration, it appeared as if the calcium maysh#icient to meet the calcium
requirements of the fruits and may be readily amd to the fruits during periods of rapid

cell expansion, thus reducing the occurrence of BER
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However, in spite of reducing BER effectively, thieatment resulted in the second lowest
net income with R131 047. fiawhich was just above that of the calcium defitiglants
with R114 827. ha, because direct treatment of the calcium strefses reduced the
yield by reducing average fruit size and the numdfefruits produced (Figure 4.4 and
Figure 4.6). Based on yield and profit marginsatireg only the fruits of calcium stressed
plants with a 2% CagIPheroids mixture, is not a viable option to redtlee occurrence

and effect of BER on marketable yield.

In conclusion, treating calcium stressed plantgafiyl with a 2% CaGl solution, is an
effective way to reduce the occurrence of BER anth¢rease marketable yield and profit
margins. Mixing Pheroids with a 2% CaGolution reduces the occurrence of BER and
improves marketable yield even further, possiblyaaying as a vehicle for transporting
additional calcium into plants. Pheroids on its ostimulates fruit growth, since treating
control plants with Pheroids, as well as calciunessted plants with a 1% Ca®&heroids
mixture, results in an increased occurrence of BERIit growth in these plants is
apparently stimulated to the point where the denfandalcium exceeds calcium supply

by the vegetative parts of the plants, thereby jptorg the development of BER.

5.6 THE EFFECT OF CALCIUM DEFICIENCY AND THE PREVENTATI VE
TREATMENTS ON POST HARVEST FRUIT QUALITY

After a fruit is harvested from the plant, it isaf-contained support system as long as its
metabolic supplies last (Laurat al., 2005). The aim of this investigation was to estdbli
the effect of a calcium deficiency on fruit deteatbon during post harvest storage and

how the preventative treatments used in this stuglg able to prevent this.

Firm, red “consumer ready” fruits harvested at vee6k12 and 16 of the harvest period,
were subjected to this investigation. These hamvgsteeks represented the early, middle
and late stages of the harvest period. After tiveeks of post harvest storage, the quality
(fruit deterioration) of the fruits were measureta&ompared to the quality at the day of
harvest.

The most noticeable and important processes relategost harvest fruit quality are

changes in weight, moisture and nutritional valBeladiéet al. (2005) also reported
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changes in fruit texture, colour, taste and arornand the post harvest period. For
marketability, weight loss presents the most @itgarameter during storage of tomatoes,
because for the retailer, weight loss translatés & loss in profit. It also implies a

shortened shelf-life and lower nutritional valuesthe consumers (Laurat al., 2005).

Compared to the day of harvest, the weight of thrrol fruits from the early, middle and
late stages of harvest all decreased between 8%l@%d (Figure 4.15). However, the
moisture content of these fruits remained fairlgb$t during storage (Figure 4.16) and
varied with not more than 1%. The Brix index algxmtased during storage, as much as
16% for fruits from the late stages of harvest (Fég4.17). In contrast, EC increased
between 8% and 16% for the fruits harvested atiffierent stages (Figure 4.18). It can be
concluded that control fruits became smaller afieee weeks of storage, but remained
fairly firm. The fruit cells contain less solublelgls (% Brix), but a higher proportion of
charged compounds per volume unit (EC). The frcatis be seen as self contained units
after harvest, which metabolized reserves to margallular functions, some of which is
linked to processes associated with fruit detefionasuch as the oxidation of phenolic
substances by phenolase, respiration and the dglat@ih of pectic substances that lead
to fruit softening (Brennan, 2005). The changeshm quality parameters of the control

fruits are considered representative of fruit detation during storage.

Similar to the control fruits, fruits from calciurstressed plants, as well as from the
preventative treatments, all lost weight duringrage. The mass loss measured for all
these fruits were on average slightly more thathencontrol fruits (Figure 4.15). During
the same time, the moisture content for all thesisfalso decreased on average slightly
more than the control fruits (Figure 4.16). Theutesf this was smaller fruits, which were
less firm than the control fruits. Based on thisappeared that fruits developing under
calcium deficient conditions resulted in fruits lesser physical quality than the control
fruits after storage. None of the Ca@blutions used as preventative treatments, sioigly

mixed with Pheroids, could prevent the physicaédetation of the fruits.

However, a calcium deficiency, as well as the pnéateve foliage treatments, seemingly
slowed down fruit deterioration in terms of qualityring post harvest storage. In contrast
to the control fruits, the Brix index of these fauincreased during this period. This quality

parameter indicated that fruit deterioration is @ded in the calcium stressed fruits.
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It might be that the calcium deficiency causedtfraétabolism to slow down as calcium is
important for intracellular signalling (Jiang & Hug 2001; White, 2001; Supanjaatial .,
2006), the transport of carbohydrates (Poovaiahe&dold, 1973; Terry & Huston, 1975;
Gossett et al.,, 1977; Fuente, 1984) and enzymatic functioning innegal
(Jiang & Huang, 2001). A lowered metabolic rateymled to the moisture and weight loss
observed in these fruits, may result in an increaBax index due to a concentration

effect.

The treatment where only the fruits of the calcistmessed plants were sprayed with the
2% CaC} Pheroids mixture resulted in fruits with the pairghysical quality after three
weeks of storage. The highest reduction in fruissnaf between 15% to 28%, coupled to a
simultaneous reduction in moisture content of up6t8%, were measured for this
treatment. Unlike the other calcium stressed pJardated and non-treated, the Brix index
decreased markedly. A possible explanation isttietirect treatment of the fruits could
cause higher calcium levels inside the fruits asfthits did not have to compete with the
stronger sinks, such as the older leaves, for walciThis resulted in increased calcium
levels, which might have restored the metabolie.ratpon harvest, the raised metabolic
rate in these fruits, metabolized reserves at hdmigate during storage, hence the marked

drop in the Brix index (Figure 4.17).

Treating control plants additionally with Pheroidiso resulted in a similar decrease in
fruit weight (Figure 4.15), moisture content (Figu4.16) and an increase in fruit EC
(Figure 4.18), resulting in similar firm, smalleguits after storage as for the control fruits.
In contrast, the Brix index of these fruits incredsluring storage, as was observed for the
calcium stressed fruits, treated and non-treatedialy be that treatment with Pheroids
increased the reserves of the fruits since Pheisidsade up of an emulsion that contains
fatty acid components. This might have resultedninincreased Brix index in comparison
to the control fruits. However, further in depthdies are required to fully comprehend the

effect of Pheroids on fruit quality during storage.

The one quality parameter that was specifically suesd because of the health benefits
linked to it, was the changes in lycopene concéntraduring storage. The lycopene
concentration of the control fruits decreased dumpost harvest storage in the dark,

especially in the fruits harvested at week 12, whiesulted in an 82% reduction in
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lycopene (Figure 4.20A). A study by Grumbach (1984ind that carotenoid synthesis in
the dark is possible. It might be possible thatdahsence of light during storage, reduces
the concentration of lycopene synthesized, sines llgcopene is needed to protect
photosynthesis against photosensitization (Rao &nAgl, 1999). Thus, the reduced
lycopene synthesis, coupled to the natural degmdaif lycopene via auto-oxidation
(Xiangquanet al., 2005), might reduce the lycopene concentratfdruds during storage.

A calcium deficiency, as well as the 1% and 2% GaGlutions, had no apparent effect on
the lycopene concentration of fruits during postvhat storage, as a similar decrease in
concentration was measured for the control frukggyre 4.120B-F). In contrast, the
calcium stressed plants treated foliarly with t8¢ and 2% CaGlPheroids mixtures, as
well as the control plants treated additionally hwRheroids, reduced the decrease in
lycopene concentrations during storage slightlyrédoer, when only the fruits of calcium
stressed plants were treated directly with the 286 K_Pheroids mixture, an increase in the
lycopene content was observed in the fruits haedeat week 16 (Figure 4.20G). It might
be possible that foliage treatment of the calcitmassed plants and fruits directly with the
Pheroids mixtures, resulted in an increased supphacetyl-CoA, since it has been
hypothesized that the fatty acid component of Hberes metabolized in plant cells to
acetyl-CoA (Salisbury & Ross, 1992). The increasagply of acetyl-CoA might stimulate
lycopene synthesis during storage, thus reduciegeffect of the natural degradation of
lycopene via auto-oxidation. Acetyl-coenzyme A (At€0A), as mentioned previously,
is the substrate for the MVA pathway, which syntbes GGPP, the immediate precursor
for the first Go carotenoid and the eventual synthesis of lycofgEimsenreichet al., 2001;
Francis & Cunningham, 2002; Bramley, 2002; Yamaztki., 2004; Botella-Paviat. al.,
2004; Ahn & Pai, 2008). The fruits of the plantsatied foliarly with CaGl Pheroids
mixtures (Figure 4.20E&F) and the control plantated with Pheroids, presumably did
not come into contact with as much Pheroids as fth#s of the direct treatment
(Figure 4.20). Therefore, less acetyl-CoA was aidd to these fruits to promote the
synthesis of lycopene during storage and reducestleet of lycopene degradation via

auto-oxidation.

In summary, compared to the changes observedéddriits from control plants, a calcium
deficiency and the subsequent preventative tredasndmave no clear effect on the

deterioration of fruit quality during post harvedbrage. In contrast, direct treatment of
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calcium stressed fruits with the 2% Ca®heroids mixture, seemingly improves fruit
guality in terms of the fruits’ lycopene concenivat but it also causes the greatest loss in
weight and moisture during storage. It is theref@@mmended that this treatment should
not be used commercially as it decreases the coomhemalue of the produce during

storage.

5.7 CONCLUDING REMARKS

The principle aim of this study was to evaluate rBiis as a possible vehicle for the
transport of phytologically beneficial substancesrglant membranes.

Pheroids was therefore used to transport additicedalum over membranes in an effort to
reduce the occurrence of BER, a common nutritidisdrder in tomatoes mostly linked to

the availability of calcium on cellular level inghiruits.

Cultivating tomatoes (cv. Floridade) in a contrdlidrip hydroponic set-up, confirmed that
a calcium deficiency affected both vegetative- gaderative development of the plants. It
also confirmed that calcium is indeed a major fagtothe inducement of BER. An

approximate 70% reduction in net yield and grossinme due to BER was observed in the
plants grown under calcium deficient conditionsth@lgh a calcium deficiency markedly
enhanced BER, it had no major impact on fruit quas no obvious differences could be
measured between the control- and calcium stre$aets. Moreover, no obvious

differences in fruit deterioration could be observeetween the control- and calcium

stressed fruits during post harvest storage.

The effect of a calcium deficiency on yield and kigher incidence of BER was prevented
by supplying calcium stressed plants with additiocalcium in the form of 1% and
2% CaC} foliage sprays. These CaGprays improved total- and marketable yield above
that of the calcium deficient plants. These treatim@lso had little effect on fruit quality,
except for lowering the lycopene content to lewamparable to that of the control fruits.
Although both these treatments increased net yeltiincome, both failed to completely
alleviate the effect of a calcium deficiency on therurrence of BER. If the amount of
additional calcium supplied to the plants couldit@eased, the occurrence of BER will

most probably be reduced even further. Pre-tesistrindicated that increasing the
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CaCl concentration to 4% burns the vegetative- and rg¢ine parts of the tomato plants,

making it a non-viable option.

Mixing Pheroids with the Caglsolutions, the principle aim of this study, is tres

possibility to enhance or increase the calcium eatration on cellular level.

The 2% CaGl Pheroids mixture proved to be a very efficienatngent in reducing the

occurrence of BER, thus improving total- and maakég yields. Although the occurrence
of BER is not completely prevented, the net yieldd axcome generated by this 2% CaCl
Pheroids treatment, compares favourably to thatoatrol plants. Moreover, this mixture
also had no apparent effect on fruit quality, al a® the rate of fruit deterioration during

post harvest storage.

The efficiency of the 2% CagPheroids mixture as a preventative foliage spvagre

subsequently compared to a treatment where onlirafie of calcium stressed plants were
treated with this mixture in an effort to reduce thccurrence of BER. Treating only the
fruits of the calcium stressed plants with this tuig, also reduced the occurrence of BER
effectively, but a much reduced yield and net ineamere obtained. In fact, the net income
was R125 973. haless than with the foliage application of the 29405 Pheroids

mixture. This makes this treatment where only thétd of calcium stressed plants were

treated with this mixture, ineffective, unecononhimad unpractical.

Another aim of this study was to investigate Plasaas a potential growth promoting
substance in general. This was done by sprayingalgelants additionally with Pheroids.
It was reasoned that if Pheroids has growth pramgaqualities, it may further improve the
vegetative growth and yield in control plants growmder already optimum conditions.
This investigation provides evidence for a stimuigteffect by Pheroids on vegetative
growth, as well as on subsequent yield. A high&altgield was obtained as a result of
fewer but larger fruits that formed upon treatmeith Pheroids. However, treating control
plants with Pheroids also increased the inciderid®@EdR, with a subsequent reduction in
net profit margins. Pheroids also marginally akecfruit quality as it resulted in more
hydrated fruits with a slightly higher lycopene temt. The elevation in the lycopene
concentration of control fruits as a potential bedlenefit option, was not sufficient to

warrant the use of Pheroids to improve fruit gyalgs net yield was reduced due to the
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higher incidence of BER resulting in a profit lebssn that of the non-treated control
plants. However, since vegetative- and fruit growtis stimulated in general by Pheroids
under control conditions, it is recommended thashbuld be extensively tested on a

variety of crops to evaluate its growth promotiragemtial.

In addition, the use of Pheroids under sub-optimetient conditions, such as the calcium
deficiency used in this study, warrants furtherrifitation. Mixing Pheroids with the
2% CaC} solution in an effort to alleviate the effect ofcalcium deficiency on plant
growth and yield, proved to be effective. This mn& increased total yield, marketable
yield and markedly reduced the occurrence of BBERistincreasing profit margins.
Pheroids presumably increased the transport oftiaddl calcium into the plants.
Although Pheroids in this mixture might have cdmited to increased calcium
concentrations in the plants, this mixture wag stdufficient to completely alleviate the
effect a calcium deficiency and BER had on yield.flirther increase the calcium supply
to the plants, it is recommended that the calcitmassed plants should be sprayed on a
weekly basis with the 1% and 2% Ca®heroids mixtures, instead of once every two
weeks. The effect of this weekly sprays and thd¢ coslved however, requires careful
evaluation. It is also recommended that the efééct% and 2% CaGlsolutions, singly
and mixed with Pheroids, should be tested on dtireato cultivars. Moreover, the effect
of these treatments should also be tested on @thes than tomatoes that also develop
BER symptoms, such as pepper fruits, eggplantswatdrmelon. It is further suggested
that the stimulatory effect of Pheroids on vegetatgrowth should be tested on a variety of

food crops to determine its potential as a growithidant in general.

In conclusion, Pheroids appears to have potergial growth promoting substance as well
as for acting as a vehicle for the transportatibphytologically beneficial substances over
plasma membranes, especially in tomatoes grownrusitess conditions. Taking into
consideration that most crops are grown in subamgdtinutritional- and environmental
conditions, then Pheroids might have numerous piateapplications in the agricultural

industry.
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