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ABSTRACT

A field experiment was conducted at Gabane Veld Product Research and Development

(VPR&D) morula orchard from August 2008 to May 2009. to evaluate the effccts of
benzyladenine (BA) on fruit set and quality of morula (Sclerocarya birrea subspecies caffra
L.). Benzyladenine was applied when the fruitlets were 8-10 mm in diameter at
concentrations of 0, 50, 100 or 150 mg/l. Benzyladenine application significantly (» < 0.001)
reduced fruit set of morula trees by between 48-67 %. Application of BA to morula fruit trees
significantly (p < 0.001) increased fruit size (length and diameter), density and weight.
However, BA application had no significant cffect on the fruit length-to-diameter (L:D) ratio.
Benzyladenine significantly (p < 0.01) increased the fruit endocarp but decreased mesocarp
of morula fruit by a margin of (1.1-6.3 %), suggesting that BA-induced increase in fruit
weight was attributed to increase in the endocarp. Application of BA to morula trees resulted
in fruits with significantly higher soluble solids content (SSC) (p < 0.05), titratable acidity (p
< 0.01), citric acid equivalent (p < 0.01) and vitamin c content (p < 0.001) compared to
control (unsprayed) trees. Morula trees sprayed with BA had significantly (p < 0.001) higher
leaf arca, total leaf chlorophyll content, chlorophyll a and chlorophyll b respectively than
unsprayed control trees. Benzyladenine application significantly (p < 0.05) increased
vegetative growth (terminal shoot growth and number of shoots) of morula trees. Morula
trees sprayed with BA had significantly higher leaf and fruit potassium, nitrogen, magnesium,
calcium, sodium and phosphorus contents than control trees. Benzyladenine also pmmoléd
morula fruit colour development at maturation. The results of this study showed that BA has
the potential to be used as a chemical thinner of morula or an agent that impmveslﬁ'uit

quality. However, further research on concentration and timing of application needs to be

done.
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CHAPTER 1

INTRODUCTION

____-_.—__'_—_l—l——_l_n

1.1. General Introduction

Morula is a drought tolerant, dioecious, deciduous tree which grows wild in the Northern
parts of South Africa and parts of castern Botswana. It grows in various types of
woodlands in sandy to sandy-loam soils to a height of above 9-20 m depending on the
growing conditions (Fox and Norwood-Young, 1982; Peters, 1988). The morula tree is
widely distributed in the African continent (of which in Southemn Africa the subspecies
found is caffra). In Botswana it is commonly named as morula, South Africa other names
are morula in pedi, moroela in Afrikaans and marula in Shona, Kenya in meru its named
mura and in Boran its named didissa. It is also found in countries such as Zaire, Ethiopia,

Zambia, Zimbabwe, and has been introduced to Mauritius, Oman and Tamil Nadu

(Kokwaro and Gillet, 1980).

Morula is a multi purposc tree with various uses ranging from its role as a highly nutritive
valued fruit consumed fresh by human beings, game and livestock, to commercial use
such as processing into a potent alcoholic drink (such ns amarula), good quality semi

sweet to sweet wine, jam, juice, ncctar and sweets (Faine and Venter, 1996; VanWyk et

al., 1997).

[ L 1 * . L] -

Morula fruit has an excellent nutritive value, It contains citric acid, malic acid and sugars.

The vitamin C content is four times as much as oranges. The mean fruit nutritional
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composition from the selected trees in g/100g is: moisture-74, fibre-1.2, proteins-8.0, fat-
15.7, carbohydrates-75, edible-portion-51, calcium-20, iron-0.5 vitamins-127 mg/100g
and energy-225 KJ (Matcke, 1999). It also contains other nutrients such as magnesium,
phosphorus, potassium, calcium, fructose, glucose and sucrose (Quin, 1959; Wchmeyer,
1976). Each fruit of morula contains two to three edible nuts (sceds) which contain oil
valuable for food preservation and for processing into cosmetic products. The embryo is
rich in oils and the kemnel has proteins, fats, magnesium, copper, zinc, phosphorus and is

high in energy (Faine and Venter, 1996).

Both leaves and bark of morula can be used as herbal medicines. These include treatment
of circulatory system disorders and haemorrhoids. Digestive system disorders such as
dysentery and diarrthoca can also be treated using morula. Other disorders such as
malaria, fever, inflammation injuries and poisoning from inscct stings can also be cured
(Kokwaro and Gillet, 1980). Morula wood can be used to make furniture, beams and
general purposes but its less durable (Kokwaro and Gillet, 1980; Fox and Norwood-
Young, 1982). The cconomic value of these products is increasingly becoming
recognized both nationally and internationally, which has led to their commercialization

(Botswana Technology Center, 1997).

In planting fruit trees {or both commercial orchards and home gardens, the major goal is
to produce a large crop of high quality fruits each year after the tree has rcached a
productive age. Plants are expected to bloom and then set fruits, This period of fruit set is

long and exhaustive, starting with flower induction to fruit ripening and abscission,



during which the environmental factors and management practices can have a major
impact on the success of fruiting (Goldwin, 1992). The aim of fruit production is to attain
commercially marketable fruits of a normal size, appearance and desirable flavour. This
is particularly so with perennial crops such as pome fruits, stone fruits and citrus where
the period from anthesis to ripening can last for as long as 60 weeks (Goldwin, 1992).
There arc several steps that are critical in the production of large quantities of high
quality fruits. Thesc steps include flower bud initiation and development which is
overcome by chilling ‘;VinlEl‘ temperatures for most deciduous trees, flower opening and

pollination in spring, fertilization of a flower, fruit setting, fruit growth and development,

fruit maturation, ripening and harvest (McMahon et al., 2002).

Fruit growth is part of the integrated growth of a plant; therefore, fruit yield is determined
by interaction between growing conditions and morphological characteristics as well as
physiological activities of the whole plant (Ho, 1992). The improvement of fruit yield is
dependent on factors that control both production of leaf (assimilate production) and sink
strength of the fruit (assimilate partitioning). Apart from the supply of assimilates both
cell number (sink size) and physiological activities (sink activity) within a fruit may

determine its sink strength in attracting assimilates to sustain fruit growth (Ho, 1992), .

Fruit yiceld in terms of drymatter production is related to assimilate supply and hence to
irradiation intercepted by the crop. However, increase in fruit yield is not only
determined by improvement of photosynthesis for most crops, changing drymatter

partitioning under defined growing conditions can also enhance yield (Gifford and Evans,



1981), since the rate of drymatter accumulation in fruits of the same potential size is
related to the rate of concurrent photosynthesis in leaves (Tanaka et al,, 1974). The
improvement of fruit yield can be achieved by manipulating sink strength of the fruit
(Gifford and Evans, 1981; Ho, 1988). Fruit as the final growth stage of reproductive
organ is commonly a strong sink for assimilates than flowers and vegetative organs, and
so competition of fruits for assimilates is mainly with other adjacent fruits. This
competition is most common when fruits grow in clusters such as moruln, apples and
grapes or in trusses as in tomatoes, since such fruits obtain assimilates from the same -
group of leaves (Monselise and Goldsmidt, 1982). For such fruit trees, competition
between fruits can be very intense and hence resulting in fruit drop. Furthermore,
competition between fruit growth and floral initiation for next year's crop may be the

cause of bicnnial/alternate bearing habit in most of perennial fruit crops (Monselise and

Goldsmidt, 1982).

Manipulation of fruiting behavior of fruit trees is one of the dominant aspects of
management practices necessary to modify the balance between vegetative growth and
fruiting, hence adjustment of leaf-to-fruit ratio to a desirble level (Jackson, 1985). The
first approach to reducing the number of fruits per tree is by pruning, where the thin fruit
shoots are removed and fruiting spurs reduced. The extent to which the pruning can be
used as the main technique for fruit thinning depends largely on the consistency of
cropping from year to year. Thinning of the fruitlets after blossoming provides a more
flexible technique for adjusting the actual fruit load in any particular year, This is the

technique practiced in plants with a heavy crop load where a portion of the crop is

-4 -



removed before it matures (Jackson, 1985). Fruit thinning is done with the aim of
reducing the within fruit competition for carbohydrates, improving the fruit quality in
terms of its firmness, soluble solids content and anthocyanin formation hence desirable
skin colour (Horscroft and Sharples, 1987; Byers and Carbaugh, 1991). It is also essential
to reduce the incidence of biennial bearing (Jackson, 1985; Byers and Carbaugh, 1991).
The carlier the thinning is carried out, greater are its benefits per fruitlet removed. At any
given time, the individual fruitlet size is a good indicator of potential fruit size at maturity
and so small fruits should preferentially be removed (Williams and Edgerton, 1981). The
most common methods of fruit thinning are hand, mechanical and chemical thinning. In
hand thinning, excess fruits/ fruitlets are removed by hand, fruit clusters should be broken
and fruits be spaced in limbs and weakened fruits removed. It is the most effective
method and yet expensive for improvement of fruit quality because of its precision and
absence of side cffects. It is commonly practiced in peaches, plums and pears. In
mechanical thinning, mechanization and labour saving devices such as almond mallets
for pre-thinning and trec shakers are used. The problem with this method is failure to

accurately control the amount of fruitlets to be removed (Janick, 1986).

- Chemical thinning is a method where chemical sprays are used for fruitlet thinning.
These chemical thinners are widely used cither to replace hand thinning totally or to
reduce the amount of hand thinning required and they are often used in commercial
orchards. Different chemicals have been used over the years which act differently on
different crops, but all with the onc objective of reducing the crop load. Chemical

thinning can be performed prior to fertilization (i.e. flower thinning) or afier fertilization



(i.e. fruit thinning) depending on the type of chemical used (Janick, 1986). Therefore, the
materials effective in thinning may be divided into two groups depending on their mode
of action. There are flower thinning compounds which are composed of both caustic and
toxic substances such as phenols, asernols and dinitro compounds such as sodium 4,6-
dinitro-ortho-cresylate. These are compounds which kill off blossoms or render them
sterile. Fruit thinning compounds on the other hand are mostly hormone type materials
especially auxins and their derivatives particularly naphthaleneacetic acid (NAA) and
naphthalencacctamide (NAAm). These compounds bring about thinning mostly through
embryo abortion. Auxins are mostly effective in thinning of apples, pears, grapes, olives,
peaches and some stone fruits (Janick, 1986). The other important hormone compound
used is benzyladenine (cytokinin) which works mainly in cell division (Emongor, 1995).
Ethephon is generally used late in the thinning season when prior thinning application has
not worked. There are some insccticides which at certain concentrations can be used as

thinning compounds and will reduce fruit sct, and the most important being carbaryl

(sevin) (Edgerton, 1981).

There are variations in responses to chemical thinners, because thinning results are
affected by fruit set, climate, weather, tree age and vigour, orchard management practices
and most importantly the type of the chemical thinner used, timing, method of application
and its concentration (Childers, 1984; Emongor, 1995; Emongor and Murr, 1999; 2001:
Byers, 2002). Most often two or more chemical thinners are combined to- increase
thinning strength on hard-to-thin cultivars. Surfactants and oils can be added to chemical

thinners in some circumstances where the leaf permeability is low (Williams, 1979).



Among all chemical thinners, the most commonly used arc cthephon (ethrel),
benzyladenine (Accel), naphthaleneacetic acid (NAA), naphthalencacetamide (NAAm),

carbaryl (sevin) and oxamyl (Vrydate). Vrydate and Accel are the two most recent post

bloom chemical thinners for most fiuit trees (Cutwright and PfeifTer, 1997).



1.2, Justification of Study

The greatest challenge facing Botswana is to improve food security, rural employment
and income under semi-arid environments. This requires efficient use of natural resources
and management skills. The challenge of preserving the environment and making prudent
usc of natural resources is vital for survival and fiture prosperity. This can help remedy

the problems of poverty, poor health and disease outbreak such as HIV/AIDS, heart

discases and poor infrastructure.

Natural resources of Botswana are the most important assets and at the moment,
diamonds are the most beneficial resource for development in Botswana. The discoveries
of other resources not only minerals can impact in diversification of the economy. Almost
half of the 300 usecful plants in Southern Africa are food plants and only a few have been
explored for their commercial uses, yet they are the resources which can most improve
sustainable agriculture (FAO, 2002). African food plants should therefore be fully
explored with regard to finding viable alternatives to arable agriculture especially for

regions like Botswana which encounter low once erratic minfall, poor soils, high

temperatures and droughts.

Morula is one of the most important resources that can be of high benefit if it can be well
utilized and conserved as it can thrive under arid and semi-arid conditions of Botswana.
There are numerous enterprises in Southern Africa which produce jam, jelly, dried fruit
rolls, sweets and cosmetics from morula. .In South Africa, the Mitsubishi Cooperation

brewed a morula beer locally known as ‘Afrecke’ in 1997 (Leakey, 1999). The Distillers



Cooperation is marketing the popular morula liquer-Amarula internationally while
‘Marulaan® wine in Zambia is marketed commercially (Leakey; 1999). There is also a
pasteurised juice which is marketed in Botswana (T aylor and Kwerepe, 1995). Morula is
a drought tolerant indigenous fruit tree which [‘rcqucnliy forms too many flowers and sets
too many fruits which leads to a heavy crop load per cluster (Fox and Nonwood, 1982
Booyers, 1996). In heavy fruiting seasons, a single morula tree can produce between
21000 and 91000 fruits (HerbalGram, 2008). The heavy fruit set results in alternate or
biennial bearing, low quality fruits in terms of size, colour and soluble solids content
(Faust, 1989). The fruit of morula is popular in Southern Africa but its small size hinders
commercialization cspecially for the fresh market fruit. In Botswana, there are few
upcoming Community Based Organisations such as Kgetse ya tsie, Botswana craft, The
Taylors and Veld Products Research and Development which are interested in

commercialization of morula.

The rescarch on domestication of morula and improvement of morula began in the late
I980s in Botswana (Holzhausen, 1989). Veld Products Rescarch and Development
started work with morula in the early 1990s. The rescarches that have been done include
domestication and development of appropriate agronomic techniques of morula. Through
grafting, superior genotypes were identificd and domesticated. This included “swarula”
and “parula” all of which originated from different parts of Botswana (Mateke, 1995).
Studies on- the identification and control of diseases and pests “in the hard veld of
Botswana were also undertaken. It was reported that Aceria mitc attack trees of both

sexes at all ages indiscriminately, The mite infection prevents the normal fruit production
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and can cause severe damage to the tree (Sunstrum, 1997). Other researches done include
the use of mycorrhizal inoculation in seedlings under nursery conditions (Mateke, 1996).
The secdlings artificially inoculated with isolated cultures of arbuscular micorrhizal fungi
(AMF) promoted growth than non inoculated ones. Therefore it was concluded that
artificial introduction of the right AMF at planting of scedlings can play a significant role
in the promotion of initial plant growth and development (Mateke, 1996). In the research
based on the germination response of morula seeds to season of sowing and sced pre-

treatment, the best time of germination was found to be in spring and summer (September

to December) ( Mateke, 1995).

No research dealing with fruit set of morula has been reported in Botswana and
elsewhere. This calls for a need to come up with technologies that will improve fruit size
of morula to a desirable level for commercial marketing both locally and internationally.
Plant breeding and use of plant growth regulators are technologies that can be used to
increase fruit size. For example, Professor Holtzhausen of the University of Pretoria
(Republic of South Africa) has recently sclected improved clones of morula producing
large fruits up to 100 g in weight and with a varicty of skin colours (Nerd ef al,, 1990).
Thinning of flowers or fruitlets can improve fruit yield and quality in terms of size, taste
and colour, hence increasing marketability of the remaining fruits and reducing or
eliminating the problem of alternate bearing (Byers and Carbaugh, 1991; Emongor, 1995;
Robinson et al., 1998, Emongor and Murr, 1999; 2001). The success of this study could
benefit Botswana's economy in industrinlimlion, job creation, sustainable agriculture,

food sccurity and self reliance.



1.3. Objectives

The objective of this study was to evaluate the effects of benzyladenine on fruit set and

quality of morula (Sclerocarya birrea subspecies caffra L.).

1.4. Hypothesis

Ha: BA has an effect on the fruit set and quality of morula.

Ho: BA has no cffect on the fruit set and quality of morula.
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CHAPTER 2
LITERATURE REVIEW
_
2.1. Botany of morula

Morula (Sclerocarya birrea subspecics caffra L) belongs to the family Anacardiaceae the
same family which mango (Mangifera indica), cashew nut (Anarcardiiun occidentale)
and pistachio nut (Pistacia vera) belong. Morula is a medium to large sized dioecious
tree, indigenous to the miombo woodlands of Southern Africa and the Sudano-Sahelian
range of West Alrica. The name Selerocarya is derived from a greek word “Skleros* for

hard and “karyon" nut or kemnel in illusion to a large, woody kerncl of the fruit (Roodt,

1998).

Morula is a single stemmed tree with dense deciduous folinge (Roodt, 1998). The trunk is
well developed, with a large spreading round-topped crown (Roodt, 1998). It has a rough,
grey bark with a disc shaped flakes which gives the trunk a mottled appearance. The
leaves are alternate compound with a pale green colour but turn pale yellow prior to
shedding. They are aggregated at the end of the branch, with 7 to 13 pairs of opposite to
sub opposite leaflets plus a terminal leaflet. The leaflets are ovate to clliptic, the apex is
tapering while the base is tapering to round. Older Icaves have entire margins while
young ones are toothed. The leaves have a long and slender petiole and often tinged with

pink colour (Faine and Venter, 1996).
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Morula has unisexual flowers borne on separate trees, and arranged in sprays five to eight
cm long. The floral pants are in four or five clusters with red sepals and ycllow petals
(Booyers, 1996). These flowers are produced in small sprays just before appearance of
young leaves. The male flowers are conspicuous and bome on spur drooping racemes and
pinkish in colour while the female flowers are smaller, red, purple and white and they are

borne on long penducles from July to January (Rood, 1994; Roadt, 1998).

The fruits arc borne in clusters at the end of twigs always on new growth. They have a
thick leathery exocarp, enclosing a white juicy flesh, which adheres tightly to the stone.
The fruits arc oblong and about 50 mm in diameter, they fall from the tree during the
period of January to March, while they are still pale green and ripen to pale waxy yellow
on the ground. They are refreshing with a very juicy, sweet/acid flavour and a rich scent
(Fox and Norwood-Young, 1982; Rood, 1994), when decay they release o pungent smell
(Booyers, 1996). Each fruit contains a hard, often bilocular or trilocular seed, each sced
locule contains a single nut in each cavity. These locules have a sealed opening by a
round hard disk that protects the seed until germination (Booyer, 1996). Morula tree is a
prolific bearer, it bears an abundance of fruits with yiclds up to 2 metric tones per tree
(Booyer, 1996). The fruit abscisses when ripening commences so that it takes place on

the ground. This fruits are harvested by picking the fallen ones (Booyer, 1996).

Most morula trees are dioecious, and the monoecious ones are predominantly male. The
start of flowering period in Southern Africa is from September to November, and fruiting

is from January to March (Faine and Venter, 1996). Like many riverine species, it is
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dispersed by water streams and shows adaptation to water dispersed by having air spaces
in the fruits (Fox and Norwood-Young, 1982). Propagation is easily done by sowing

seeds (Roodt, 1998), but grafting also gives satisfactory results (Mateke, 1995).

2.2. Fruit set of fruit trees

The development of a {ruit is normally a consequence of pollination, unpollinated flowers
fall and the pollinated ones will show a fruit set. The germinating pollen is a rich source
of auxins which are very important for fruit set. In some species application of auxins
exogenously to unpollinated flowers can lead to development of parthernocarpic fruits
(Ho, 1979). Gibberellins can also be used to induce parthernocarpic fruits in some species
which cannot set {ruit by auxins (Ho, 1979). Seed development in most fruit species is
important in inducing fruit size because they arc centers of hormone synthesis such as
gibberellins, auxins and cytokinins (Ho, 1979; Looney et al., 1985). The importance of
seeds to fruit development is controlling the iﬁﬂucncc of auxins, cytokinins and
gibberellins, These plant growth regulators are the ones that make fruits a stronger sink
for food materials synthesized in the leaves, since the fruit development is normally
associated with the rate of vegetative growth (Street and Opik, 1983). Thus fruit growth
is principally sustained by the supply of photoassimilates, hence the rate of dry matter
accumulation in the fruit relates to concurrent photosynthesis in the leaves. This implies
that the fruit size is determined by the leaf-to- fruit ratio (Ho, 1979).

Fruit development following pollination involves the growth of the seed in the endocarp

o maturity and the enlargement of the ovary, Cell division, cell expansion and
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accumulation of food reserves are also involved in seed development. Fruit growth on the
other hand involves mostly cell enlargement and in many cases there is short phase of
cell division (Street and Opik, 1983). The development of fleshy fruits involves

accumulation of organic metabolites (organic acids and sugars) into the succulent

pericarp and associated tissues (Street and Opik, 1983).

Generally, fruit dry matter accumulation is determined by cell number, size and cell
content (Coombe, 1976; Zhang et al., 2005). Final fiuit volume particularly fleshy ones is
determined by the extent of cell enlargement (Coombe, 1976; Faust, 1989). While actual
fruit size is mainly determined by final cell number in the fruit, duration of cell division
after anthesis varies among species and between tissues of the same fruit (Bollard, 1970).
Therefore, it is important to assess relative importance of cell division activity before and
after anthesis in determining the final cell number. Once cell number is finalized in the
fruit, cell enlargement is a dominating event which involves cell wall extensibility,
accumulation of water and solutes particularly the vacuole. This is affected by the
number of metabolic activities inside the fruit. In most fruits such as stone fruits
(peaches), 80% of their fresh weight and/or 60% dryweight is accumulated during cell
cnlargement, In apple cell division in the flesh (pith and cortex) ceases about three to four
weeks after anthesis and more than 80% fruit growth period is due to cell enlargement
(Bollard,1970). Fruit thinning can be used to prolong the process of cell division,
resulting in a bigger fruit size. Alteration of cell division at early post bloom is-more

cfiective than late period in determining final cell number hence final fruit size (Emongor

and Murr, 2001).

-15 -



. Fruit thinning by chemical thinning agents
satisfactory thinning spray will remove enough fruits to ensure an adequate return
om the following scason or year (Emongor, 1995). Fruit thinning is mostly achieved
nmercially by the use of chemical thinners. Chemical thinning agents are both cost and
e effective (Emongor and Murr, 2001). Generally fruit development is dependent on
interactions of five major classes of plant hormones which are auxins, gibberellins,
okinins, abscisic acid and cthylene (Zhang et al.,, 2005). Auxins, cytokinins,
berellins, an cthylene inhibitor, Amino Vinyl Glycine (AVG) and mixtures of
repitlators are cffective in the increase of fruit set (Miller, 1988; Zhang, 2005).
wever, biorcgulators are not always effective. Lack of consistent response and
lesirable side effects such as reduced fruit size, phytotoxicity, fruit russeting, abnormal
it shape and excessive abscission of parthernocarpic fruit have limited commercial use

bioregulators (Miller, 1988).

1it thinning serves slightly different purposes in different fruit species. In stone fruits,
ge fruit size is almost impossible without proper thinning especially with early
turing cultivars (Faust, 1989). In apples, in addition to moderate increase in fruit size,
: main purpose of thinning is to remove the source of gibberellins, the sceds, which
went flower bud formation (Luckwill, 1970; Tromp, 1982; Mclaughlin and Greene,
84). Chemical thinning enables growers to overcome alternate bearing habits of some
nle cultivars and to improve the size and quality of the fruit in ycars of heavy sct.

iemical thinning using plant growth regulators is characterized by a narrow time of

- 16 -



responsc. This narrow window may reflect rapid internal changes in growth substance
balance or in the tissue sensitivity to the thinning compounds. Gibberellins (GAs) have
been shown to diffuse from flowers/fruits into spurs (Marino and Greene, 1981) and more
GAs move out of fruit of bicnnially bearing cultivars than out of annual cultivars (Hoad,
1978). Williams and Edgerton (1981) and Grochowska et al. (1984), reported that sceds
from annual and biennial cultivars produce GAs which diffuse from developing fruits,
this causes alternate bearing (Pharis and King, 1985). The amount of GAs produced per
individual seed is not known, but there is strong evidence that GA; rather than GAg

inhibits flower bud formation in apples (Tromp 1982; Looney et al., 1983).

The return of bloom the next year improved by chemical thinning is related to the effects
of gibberellins produced by the endosperm of developing seeds of the fruit such as
apples. The endosperm of the apple seeds develops very rapidly in the weeks following
fertilization. Production of gibberellic acid by the growing endosperm results in their
movement from sceds into the tissues of the subtending spur to which the fruitlet is
attached. The presence of gibberellins at that ti’!nc [irubably results in the inhibition of
flower induction in the lateral meristem of the spur (Tromp, 1982). The exogenous
application of gibberellins in apples follqwing flowering can inhibit flower bud formation
(Chan and Cain, 1967; Tromp, 1982). The presence of fruitlets at the time of gibberellin
application grf.;atly enhances the inhibitory responses. This shows that exogenous
application of gibberellins may promote inhibition of flower formation by supplementing

the natural internal balance of gibberellins (Eflving and Cline, 1993).
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The mechanism(s) whereby chemicals are used to selectively thin fruits has been the
subject of many experiments and review (Landsberg and Brain, 1978; Williams, 1979;
Bangerth, 1990; Emongor, 1995; Emongor and Murr, 1999). The understanding of
scientists about physiological mechanisms that lead to fruit drop and how these
mechanism are influenced by chemical thinners lags far behind the empirical applications
of plant growth regulators (PGRs) in the orchard (Emongor, 1995). Theories proposed
include reduced translocation of auxin from the fruitlet (Crowe, 1965); stress-induced
cthylene production, which interfers with transport of “vital chemicals” to the seed
(Williams and Batjer, 1964; Williams and Edgerton, 1981); the diversion of nutrients to

frutt growth and auxin production, and abscission (Bangerth, 1990).

Bangerth (1990) reported that primigenic dominance of the “King fruit”, and auto
stimulation of transport pathway by indole acetic acid (IAA) from the carlier developing
fruit, while inhibiting the IAA export of later developing fruit (autoinhibiting), could
explain the thinning activity of most chemical thinners used in the apple industry.
Emongor and Murr (1991; 1994) reported that the response of “Empire” apples to
chemical thinners may be mediated by cthylene. Greene ef al. (1992), working with
“MclIntosh/M26" apple, reported a significant increasce in ethylene production in fruitlets
and lcaves one day afier BA application. Magg (1963) suggested that the mechanism by
which chemical thinners reduce fruit set is probably involved with the alteration in the
supply of assimilates to fruitlets. The consequence of greater limitation on-the supply of
photosynthesis to the fruitlets is that a larger proportion of the fruitlets are unable to

sustain sufficient growth and eventually abscise (Magg, 1963). The thinning action of
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chemicals is due to their effects in desiccating stigmas and styles of flowers thereby
preventing pollination and hence fruit set (Williams e/ al., 1995). Blossom thinners cause
physical damage to flowers thereby impending fertilization. Auxins, cytokinins and
cthylene and their derivatives are all capable of reducing fruit set when appliced during a

short time interval after anthesis (Magg, 1963; Webster and Spencer, 1999).

2.4. Chemical thinners used in the fruit industry worldwide

There is a wide range of chemical thinners used in fruit trees. Thinning can be
accomplished at bloom time and during the early post bloom period. The post bloom
period is the time at which the fruit tree has reached 80% of full bloom stage (Williams,
1979). The strongly biennial cultivars may require both the bloom and the post bloom

program for adequate thinning and return bloom. The commonly used chemical thinners

include the following:

2.4.1. Benzyladenine

Benzyladenine (BA) is a synthetic cytokinnin compound which provides very little risk to
the environment., A precondition of precocious bearing in young trees is the development
of a canopy structure which has good cropping potential and this can be achicved by
using BA. Fruit thinning with BA in mature trees can result in larger fruit size and
increased return bloom. However, the temperature dependence of the thinning response
remains o problem to be resolved. The cf'ficiency of benzyladenine is determined by the
physiological age of trees, environmental conditions at application and.lhe application

methods used (Buban, 2000). The ndvanlngé of BA as a synthetic cytokinin is its
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influence on hastened cell division so that the fruit enlargement should be greater than
could expected from its thinning action (Stoppa, 1999). BA has the ahili-ty to promote
carbohydrate metabolism and create new source-sink relationships and hence lead to
increased sink strength and fruit size at harvest (Dyer ef al., 1990; Emongor and Murr,
2001). BA causes increased fruit size not just from thinning due to reduced competition,

but also from more cell division hence stimulating additional fruit growth. It also

increases the fruit soluble solids and the fruit colour (William, 1995).

2.4.2. Accel

Accel (mixture of benzyladenine and GA s4+4 in a ratio of 10:1) was introduced in 1994 by
Abbot Laboratories USA. This synthetic cytokinin 6-benzyladenine (BA) has been found
to be a good thinning agent. It is a post-bloom thinner and it thins fruiticts best at 10 mm
diameter and has a positive influence on return bloom (Robinson et al., 1998). Accel is
effective when applied to the lecaves but its more cffective in the increased fruit size when
applicd to the fruit. The maximum concentration of Accel depends on the size of the tree.
Gibberellins (GAs) as part of Accel also play a role in inducing fruit sct and expansion of
the pericarp. The exogenous application of GAs is known to increase fruit enlargement in
grapes (Vitis spp) and Japanese pear (Pyrus serotina). 1t also enhances fruit set in
seedless cultivars of mandarin (Citrus reculata L.) (Zhang et al., 2005). Accel thins over
a wide window, probably from bloom to 30 days after full bloom, and is reported to
promote cell division. It is a gentle, mild thinner and is dose-dependent. It is efficient in
most fruit tree cultivars (Zhang et al., 2005). At the present time, Accel is not

recommended to be used with NAA or NAAm on the same tree within the same year.
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The combined use of Accel and NAA or NAAm on Red Delicious apples in the same

year has resulted in more pygmy fruits (sma!l, mishappen fruits) (Garcia et al., 2003).

2.4.3. Sodium 4,6-dinitro-ortho-creyslate or Dinitrocyclohexylphenol [(DNOC),
(Elgetol)]

[t is one of the early bloom time spray used especially in apples. This chemical thinner is
a caustic material applied at mid bloom, it burns the flower petals and pistils preventing
pollination and/or fertilization hence no fruit set (Williams, 1979). Caustic matcrials
damage the pistils on the side of the fruit, this activity is physical but not physiological.
The stigma is damaged so there is no pollen germination (Dennies, 2000). This chemical

is no longer used in most parts of the world (Garcia et al., 2003).

2.4.4. Naphthaleneacetic acid (NAA)

This is a fairly effective thinning agent and the response is rate dependent. It is equally
effective when applicd to both leaves and fruits. The absorption of NAA takes place
when the spray dries and the unabsorbed material is rapidly broken down by sunlight
which reduces the potential for additional uptake caused by rewetting. The use of NAA
may induce abscission of the young fruit immediately or delay the process and fruits may
fall later. In “Golden Delicious™ apple cultivars, a combination of NAA and Sevin
applied at petal fall usually gives better results than cither material alone. Application of
NAA on Starkrimson and other spur-type Red Delicious strain of upples has occasionally
caused problems of pygmy fruits (small, mishappen fruits). Instead of dropping off, these

secdless pygmy fruit remain on the tree until harvest, growing to about a quarter of the
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normal size. In cases where pygmy fruit presents a problem, sevin should be used for

thinning. (Garcia et al., 2003).

When NAA is the only thinning agent applied, its absorption and effectiveness are greatly
increased by use of an activator, The concentration of NAA can be reduced in to half if
wetting agents are used, such additives help to counteract the variable effects of weather
conditions on the absorption and effectiveness of Amid-Thin and Sevin. Because of
varying growing conditions, NAA sprays are best timed according to fruit size rather than
days after full bloom. NAA is most effective on apple fall and winter apple varicties
when most of the fruits are 8 -10 mm, the king blossom fruit is 10 -13 mm, and the

smallest fruits are less than eight mm in diameter (Garcia ef al., 2003).

2.4.5. Naphthaleneacetamide (NAAm)

NAAm is similar to NAA, but milder. Its use should be limited to petal fall as later use
can result in pygmy fruit. It is recommended for use on apple cultivars that ripen before
Mcintosh apple and works best when applied under slow drying conditions. Frequently,
follow-up thinning is required (Garcia er al., 2003). The physiological basis of flower and
fruit thinning by auxins (NAA and NAAm) is probably by causing fruitlets to drop due to
alteration of the balance of auxins in the outer and inner ends of the fruit stem which
induces the development of the abscission layer, or due to the embryo abortion or the

elimination of natural pollination by the thinning process (Datta, 1994). -~
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2.4.6. Sevin

The preferred formulation of Sevin for fruit thinning is XRL Plus. Sevin is the mildest
and safest insecticidal thinner which is toxic to bees. Before application of sevin, the bees
should be removed from the orchard. It is dosc-dependent up to a certain point, however,
it seldom over-thins and it is more effective when applied on the fruit provided
photosynthates are not limiting. It can be used from petal fall to about 21 days after
bloom. It is frequently combined with Accel or NAA for heavy thinning late in the

thinning window. The limit is about 25 mm fruit size. Over-thinning of these

combinations can occur (Garcia ef al., 2003).

2.4.7. Ethephon

This is a chemical thinner which releases ethylenc on the hydrolysis within the treated
tissues. It acts through the promotion of abscission zone development and it enhances
retumm of bloom through the reduction in the shoot growth following application. The
response can vary depending on the weather and over thinning results especially at high

temperaturcs after application. Ethephon is more effective when applied into the fruits

than leaves (Dennies, 2000).

2.5. Factors affecting the cfficacy of chemical thinners
The two most important factors to consider during thinning is when and how to thin fruit
trees. Thinning is affected by timing of application, type of thinning material used in

relation to species/cultivar being thinned and concentration of thinning agent (Forshey,

1990; Emongor, 1995; Emongor and Murr, 2001).
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2.3.1. Timing, Concentration and Matcerials

If" thinning is done at petal fall or shortly thereafter, sevin, or a combination of sevin and
NAA (Smg/L) can be applied. Accel on the other hand, should not be appliced at petal fall,
instead its more effective when applied 7-10 days after petal fall and this is mostly when
the application coincides with active cell division (Williams, 1979). For chemicals such
as DNOC in apples (Washington cultivar), application should be made when there are
three blossoms or spur cluster opening on the north side of the tree or at full bloom. Only
onc spray should be used and low temperature will increase its effectiveness and can
result in over thinning. DNOC as a blossom spray is not adapted for use in post bloom
thinning and it can only be used where post bloom frosts are not likely to occur. Timing
is a critical factor especially when hormones like NAA and NAAm are used on summer
varicties at the petal fall stage. If it is used later than 10 days after full bloom, stimulating

effects manifested by premature ripening and fruit splitting is likely to occur.

Sevin, NAA and NAAm are usually applied from 10-25 days after full bloom (Williams,
1979), they may thin fall and winter varictics of apples effectively during bloom
(Childers, 1984). Sevin effectively thins apples when applied 5-30 days after full bloom,
with consistent and uniform results when applicd at 15-27 days after full bloom. Thinning
is also dependent on weather conditions (Emongor and Murr, 2001), during a cool
postbloom period, natural fruit drop is delayed and when it occurs sprays are effective

later in the scason than if the weather is warmer (Childers, 1984).
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Ethephon on the other hand is used on the non bearing trees to induce flower bud
formation. It is always effective when it is combined with alar, which controls growth by
inducing spur development. These chemicals should be avoided on moderately vigorous
trees which may be stunted by over blooming and setting such as M9 apple varictics.

Application is effective 14-21 days afler full bloom and cthephon is delayed until after

drop begins or five to six weeks after bloom to avold over thinning (Childers, 1984).

Effective concentration of thinning sprays is related to weather conditions, tree vigour
and tree species or cultivar (Forshey, 1990: Emongor, 1995; Emongor and Murr, 2001).
NAA has a greater reduction in fruit set with stronger spray application (Childers, 1984).
DNOC is used at the concentrations of 160-480 mg/100 water, while NAA is applied at
concentrations from 2-15 mg/L. Ethephon (300 mg/L) combined with NAAm at 10-21
days after bloom is effective in Golden Delicious apples. The post bloom thinners are

effective within one to two weeks or more, depending on weather conditions (Miller,

1988).

2.5.2, Penctration of Chemical Thinners

For thinning chemicals to be effective they must diffuse across cuticles which cover
aerial portions of the plant. This includes Ieaves, flowers and young fruits. The cuticular
wax provides a major barrier to penetration. There is little wax secreted on the leaf

surface when the weather is cold and cloudy, this permit greater penctration. Sunny and

dry weather causes more wax to be deposited and secreted, thereby restricting the
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penetration. This means that chemical thinners are less effective after warm, dry periods

and more effective aficr cool moist periods (Dennies, 2000).

2.5.3. Environmental Factors

The thinning response varies depending on the climate, cultivar and weather conditions

before and after thinning.

2.3.3.1. Temperature

Temperature during atmospheric application and after application is critical to successful
thinning. Different chemical thinners have a greater response as the temperature increases
because for them to work they have to be absorbed, thus absorption increases as the
temperature increases, At higher temperatures, foliage waxy cuticle increases hence
reduce chemical absorption. This will lead to application of the chemical with a
surfactant to increase the leaf permeability. However, application made in the moming or
evening when the temperatures are low have a longer drying period on the leaf resulting
in a slow and yet sustained uptake of chemical, while at a higher temperature during mid-
day drying times are shorter, resulting in a short but rapid uptake of chemical (Byers,
2002; Garcia et al., 2003). NAA generaolly gives best results under fast drying conditions
and also when the temperature is between 219C and 27 °C. Amid-Thin gives the best
results under slow drying conditions and is often applied in the evening. Accel is most

effective when air temperature is 21 °C to 27 °C (Garcia et al., 2003).
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2.5.3.2, Light

The factors that decrease photosynthesis rate such as cloud cover or within tree shade
increase the cffectiveness of thinners and the sunny weather which decreases the
sensitivity of the fruitlets to the thinners, The light intensity 3-5 days before the
application is important in the uptake of the chemical due 1o a thin leaf cuticle and
reduced carbohydrate and their supply for fruit growth, The interaction of temperature
and sunlight with chemical thinners creates stress in the tree, which is necessary 1o make

some fruit drop off (Byers, 2002: Garcia e/ al., 2003).

2.5.3.3. Stress

Regardless of the mode of action of chemical thinners, plants require some type of stress
imposed by weather for ideal thinning response. Competition among flowers, fruits,
leaves and growing points occur for nutrients, water, metabolites, photosynthates and
growth regulators. The chemical thinners increase this stress on fruits causing small fruits
and those with a small number of sceds to abscise. In some cases where chemical thinners
have worked poorly the weather imposed stress has occurred before the thinner
application (Dennies, 2000). Generally stress on the tree increases the period of response.
The stress can occur before bloom such as winter damage, heavy crop the previous year,

vigorous trees or it can occur during bloom such as frost damage (Garcia et al., 2003).

Bzising on efficacy of thinning, materials cummtjﬁly used are BA, Accel, NAA, Amid-
Thin (naphthalencacetamide), and Sevin (carbaryl). These materials vary among species

and cultivars, If seed numbers are small, or trees are weak, or if the weather is cool and
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cloudy, lower concentrations of thinner chemicals are used, Generally young trees are
casier to thin than mature trees. All thinner applications should be based on average fruit
diameter. All hand-gun applications should be made to the point of runoff at a rate of

chemical use that is one-third to half the rate recommended for an airblast application to

enhance efficiency on thinning (Garcia et al., 2003),
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CHAPTER 3
MATERIALS AND METHODS

__—_—_—______.__—_*_—____

3.1. Experimental site

A ficld experiment was conducted at Gabane Veld Product Research and Development
(VPR&D) morula orchard (524 39.140': E25 46.390), at an altitude of 1110 above sea
level, from August 2008 to May 2009. The experimeqtal site was on an uncultivated land
classified as shrub and tree savanna with major vegetation grouping of Acacia
negrescens, Combretum apeculatum and Acacia tortilis (Bekker and De Wﬁilt, 1991).
Soils are shallow sands with poor phosphorus values for most agricultural crops (De Wilt
and Nachtengaele, 1996). Mean annual rainfall is 500 mm but erratically distributed
(Campbell, 1990). The orchard was planted in January 1995 on rootstocks of superior
phenotypes of morula selected from different areas in Botswana. The morula trees are
free standing and trained in a central leader system with spacing of 12 m inter row and 6

m intra row. The orchard was under sod.

3.2. Experimental design
Single, whole tree plots were used in all trials in randomized complete block design with

six replications. The treatments were 0, 50, 100 or 150 mg/litre of BA. Treatments were

randomized within the block and a new randomization was made for cach block,

‘ii . - , ' Wy, =
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3.3. Cultural practices

Clearing and pruning of trees was done, random tree selection was then carried out and
tree trunk circumference recorded at 10 cm above graft union. Before full bloom, two
limbs per tree, 10-15 ¢m in circumference (measured at five cm from the crotch angle),
were sclected and tagged, circumference recorded and blossom clusters counted. The
selected limbs were from opposite sides of the tree and met the following criteria: well
exposed to sunlight; free from severe or unusual pruning cuts; and bloom representative
of the cntire tree. Full bloom was considered to be a day when 80 % of spur bloom
flowers on one year old wood are open on the north side of the tree and bees are active.,
Benzyladenine in the form of Maxcel® (Vaalent Biosciences USA) was applied to the
whole tree as dilute spray to runoff with a pressurized knapsack sprayer [Guarany
Industria ¢ Comercio Ltda, CEP 13308-200-Itu-SP-Brazil] at 0, 50, 100, or 150 mg/litre
BA [Valent Biosciences USA; liquid concentrate containing 19g a.i/litre (whv)

benzyladenine]. Control trees of morula were sprayed with distilled water.

3.4. Data collection: Dependent variables determined

Fruit number, fruit growth curve, fruit diameter, fruit length, fruit length: diameter (L:D)
ratio, fruit density, fruit weight, fruit endocarp and mesocarp drymatter content, leaf, fruit
dry matter and water content, total titratable acidity (TTA), citric acid equivalent, vitamin
C content, soluble solids content, fruit chlorophyll, anthocynin + carotenoids content,
leaf chlorophyll content, shoot number per limb circumference, terminal shoot length,

fruit and leaf mineral analysis were determined.



3.4.1. Determination of fruit set

After natural drop was completed (January 2009), all fruit persisting on two tagged limbs

per tree were counted using a hand counter. Fruit number per cm limb circumference was

calculated.

3.4.2. Determination of fruit quality

3.4.2.1. Fruit size

Fruits were sampled every week to measure the diameter and length in order to establish
the growth pattern of morula fruit. At commercial harvest, 10 representative fruit from
each tree were harvested, weighed and evaluated for fruit diameter (D), length (L) and
L/D ratio. Fruit length was measured by laying each fruit end-to-end and side-to-side in a

WY rn

-shaped trough and measuring total length and diameter. The L/D ratio was

calculated from the readings of fruit length and diameter.

Five fruits per replicate were weighed using the laboratory scale (ADAM AFP 400L) to
determine their mass (fruit weight at harvest) before volume determination. A 500 ml
measuring cylinder was filled with distilled water, the readings were then taken, After
taking the readings five fruit samples per replicate were added into the measuring
cylinder, the readings taken were subtracted from the volume of water displaced to derive

the fruit volume. The fruit volume was then divided by the fruit weight to determine the

fruit density (g/ (cm?). | | . -
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3.4.2.2. Soluble solids content

Soluble solids content were determined using a refractometer, 10 fruits per replication
were pinched using a razor blade and the Juice squeezed directly into the hand

refractometer (0-32 %) and then the average sugar content determined in % brix.

3.4.2.3. Titratable acidity

The fruit pulp and skin were cut and 100g of the sample weighed, then 400ml of djstilled
water added to the sample and the mixture blended for five minutes. The sample was
homogenized and filtered with five layers of cheese cloth to extract the fruit juice, 20 ml
of the filtrate was put in a 50 ml conical flask and two drops of phenolphthalein indicator
added. The sample was then titrated with 0.1 N NaOH 1o end point, and this was done in
triplicates. The results were expressed as citric acid and total titratable acidity

equivalents.

g citric acid/100ml juice = (ml base x normality base x 0.0064 x 100 x5

ml sample

3.4.2.4. Vitamin C content

Vitamin C content was determined using 2,6-dichloroindophenol titrimetric method
according to AOAC (1996). Ascorbic ncid reduces oxidation-reduction indicator dye
(2,6-dichloroindophenol) to colourless solution. At end point, excess unreduced dye is
rose pink in acid solution. Vitamin is extracted and titration performed i presence of
metaphosphoric acid-acetic acid solution to maintain proper acidity for reaction and to

avoid antioxidation of ascorbic acid at high pH (AOAC, 1996),
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3.4.2.5, Fruit dry matter content

Ten representative fruit per treatment per replicate were weighed to determine fresh
weight. Then they were oven-dried at 66 °C to a constant weight for 72 hours and dry

weight determined (expressed in % dry matter). The fresh and dry weight was then used

to determine the % fruit dry matter and water conient.
70 Dry matter = Dry weight x 100
EFresh weight

% Water Content = (Fresh weight- Dry weight) x 100

Fresh weight
After determining the fresh and dry weight the dried fruit mesocarp (pulp) was removed
by scrabbing the dried fruits and the endocarp (kernel) was weighed. The weight was
used to determine the % endocarp and mesocarp weight by subtracting the dry weight

after scrabbing from the weight before scrabbing.

3.4.2.6. Fruit anthocyanin, carotenoids and chlorophyll content

Anthocyanin plus carotenoids and chlorophyll content of the skin was measured from two
discs (11 mm diameter) per fruit (five morula fruit per replicate) cut from yellowest and
greenest portion of the skin using a cork borer and scapel, The 10 discs were extracted in

4 ml of 0.1 N HCI in methanol at 23 °C in the dark for 24 hours. Absorbance of cxtmcts

was measured using a UV Visible Spectrophotometer [UV-160 1PC, Shimadzu, RSA Pty =

Ltd. Co. REG No: 90/07641/07) at various wavelengths of 330, 620, 645, 650 and 663

nm. Anthocyanin plus carotenoids content was determined according to Creasy (1966)
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and Proctor and Creasy (1971), using o molar extinction coefficient of 4.62 x 10*

(Zapsalis and Francis, 1965).

Anthocyanin plus carotenoids (nmole/ ecm?® morula skin) = [(As10-Ag20) — 0. 1(Ags0-Ag20))

(4.62 x 10%)
Skin chloraphyll content was measured as absorbance at 653 nm (Holden, 1965; Douplas,
1983). The following equation was used 1o calculate the relative total chlorophyll content

(Douglas, 1983).

Chlorophyll (mg/em? of morula skin) = 24.88 x Agss.

J.4.3. Vegetative growth determination:

3.4.3.1. Leaf area:

Five leaves (rachi) from each treatment per replicate were collected to determine the

average leaf area (cm?) using the Delta T Scan (Deita T Devices: Splash Cover) leaf area

meter.

3.4.3.2, Total leaf chlorophyll, chlorophyl! n and chlorophyll b

Ten leaves per tree of the same age (lcaf five and six) were collected and one disc was cut
from each leaf using 11 mm cork borer. The 10 discs were extracted in 4 ml of 0.1 N HCI
in methanol at 25 °C in the dark for 24 hours. Absorbance of extracts was measured using
a2 UV Visible Spectrophotometer (UV-160 1PC) at various wavelengths of 530, 620, 645,
653 and 663 nm. The following formulac were used to estimate chlorophyll content;
Chlorophyll a (mg/cm?) = |2.7Am-— 2.069A¢45

Chlorophyll b (mg/cm?) = 22.9 Agys— 4.68A6;
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Total Chlorophyll (mg/cm?) = 24.88A¢s3

Where, A is the absorbance at 645, 653 and 663 nm, respectively and the coefficients are

the molar extinction coefTicients at the respective wavelengths at 25 °C.

3.4.3.3. Terminal shoot Iength and number

The numbers and length of terminal shoots on marked limbs per tree was determined in
May 2009. The length was measured using a five meter tape while the number of shoots
was counted using a hand counter on the two tagged limbs. The terminal shoot length was

cxpressed in cm while the shoot number was expressed ns number per cm limb

circumference.

3.4.4. Mineral analysis

Midshoot leaves (leaf five and six) from current season growth were collected in the first
week of January 2009, The samples were oven-dried at 66 °C to constant wetght (72
hours). Seven days before commercial harvest time, 10 representative fruits per tree were
also harvested for mineral determination. Fruit epidermis and mesocarp were cut fincly
from 10 samples per tree and the mixture oven dried at 66 °C to constant weight for three
days. The dried samples were ground using a sieve of size two and 1.25 g composite
sample digested in 20ml sulphuric acid (98 %) and 4 m| hydrogen peroxide (30 %) in a
BD block at 330 °C for 7hrs.

Nitrogen (N) was determined through distillation and titration using the micro kjeldahl
method (ACAC, 1996). Phosphorus (P) was determined calorimetrically using sodium

phenol and ammonium molybdate plus ascorbic acid method (AOAC, 1996). The
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absorbance was read on the UV Visible Spectrophotometer (Model of
spectrophotometer). Calcium (Ca), magnesium (mg) and potassium (K) were determined

by atomic absorption spectrophotometry (Varian SpectrAA 300). Data was expressed as

total mineral content in m 2/g on dry weight basis.

3.5. Statistical analysis

Analysis of variance was performed on the data collected using general linear model
(PROC GLM) procedure of Statistical Analysis System (SAS 2009, Carey, NC) program
package. Appropriate regression models were used to examine the response of morula
fruits to increasing benzyladenine concentration. Multiple comparisons among means
was done using Protected Least Significant Difference (LSD) at p = 0.05. Proc univariate

procedure was carried out on residuals to support assumptions of normality made. .

-
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CHAPTER 4

RESULTS

-_—

4.1. Fruit set

Application of benzyladenine significantly (p < 0.0001) reduced frujt set of morula
compared to the control trees (Figure 1). The response of morula fruit set to increasing
BA concentration was quadratic (Figure 1). The reduction in frujt set by benzyladenine
ranged between 48-67 %. However, there was no significant difference between 50, 100

and 150 mg/L BA in their ability to reduce fruit st of morula trees (Figure 1).

4.2, Fruit Size

The morula fruit growth curve in terms of frujt diameter and length are shown in Figures
2 and 3. Both Figures 2 and 3 showed that morula fruit has got a simplc sigmoid growth
patiem which is characterized by two phases of growth. Phase [ is characterized by cell
division and phase Il is characterized by cell enlargement. In the current results, phase I
commenced after pollination to 65 days after full bloom (DAFB) (Figure 2 and 3). The
period between 65 DAFB to until 86 DAEB (four weeks) was characterized by slow fruit
growth (length and diameter), this was the period of endocarp growth (Figure 2 and 3).
From 86 DAFB until 128 DAFB was the last stage of morula fruit growth and
development (Figure 2 and 3) which was characterized mainly by ccll elongation and
enlargement. Benzyladenine application significantly increased morula fruit size [length
(p <0.01), diameter (p < 0.001), L:D ratio (p < 0.01), weight (p < O.UOi) and density (p <

0.05)] (Figure 4,5,6,7,8).
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- Fruit number per em limb circumference

y = 0.0002x*- 0.0473x + 5.0985
‘ R*=0.9416
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Denzyladenine concentmtion (mp/L.)
Figure 1: Effect of benzyladenine on fruit set of morula; I represent
standard error bars.
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Figure 2: Morula fruit diameter growth over time
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Fruit length (cm)
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Figure 3: Morula fruit length growth over time
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Figure 4: EfTect of benzyladenine on moruls fruit length and diamcter at
~ commercial harvest; | represent standard error bars.
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Figure 5: Effect of benzyladenine on morula fruit diameter at commercial harvest; |
represent standard error bars.
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Figure 6: Effect of benzyladenine on morula fruit length: diameter (L:D) rutio: |
- represent standard error bars,
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Fruit weight (g)
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Benzyladenine concentration (mg/L)

Figure 7: Effect of benzyladenine on morula fruit weight at commercial harvest: I
represent standard error bars,
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Figure 8: Effect of benzyladenine on the morula fruit density at commercial
- harvest; I represent standard error bars.
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The maximum BA-induced frujt length and diameter was 9% and 16%, respectively,
which occurred on morula trees sprayed with 150 mg/L. BA (Figure 4 and J). Morula
trees sprayed with 50, 100 or 150 mg/L BA significantly (p < 0.001) increased fruit
weight compared to control trees (Figure 7). Benzyladenine application increased fruit
weight by between 14-31 % compared to the control fruits (Figure 7). The response of
morula fruit weight to increasing BA concentration was quadratic (Figure 7). There was
no significant difference in fruijt weight from morula control trees and those sprayed with
30 and between 50 or 100 mg/L BA (Figure 7). Morula fruit density was significantly (p
< 0.05) increased by BA application compared to control freit (Figure 8). However, there
was no significant difference among the BA concentrations in their ability to increase
fruit density (Figure 8). The BA-induced increase in density ranged between 6-12 %
compared to control fruit (Figure 8). Benzyladenine application at 50, 100 and 150 mg/L
significantly (p < 0.01) increased the cndocarp weight of morula fruit (Figure 9). The
increase in the endocarp weight increased with increasing BA concentration, while the
mesocarp (pulp) weight significantly (»p < 0.01) decreased with the increasing BA
concentration (Figure 9). Benzyladenine decreased mesocarp weight by [.1- 6.3 %

compared to control fruit, The BA-induced increase in fruit weight was positively related

- to the endocarp weight increase induced by BA at the expense of the mesocarp (Figure

9). Figure 10 showed the dry matter and water content of leaves and fruits as affected by

- BA application. There was no significant cffect of BA upppli'catriun to both fruit and leaf

dry matter contents. Similarly BA did not have any significant effect on both the fruit and

1
J
y

|

!
3
o

&
b
¥

- leaf water contents (Figu'rc 10).
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Drymatter and water content (%)

Endocarp and mesocarp drymatter content (%)

30 40 S0 60 70 80

20

10

80

70 - 3% Endocarp weight

_B%Mesocarp weight

0 50 100 150
Benzyladenine concentration (mg/L)

Figure 9: Effect of benzyladenine on the fruit endocarp and mesocarp weight; [
represent standard error bars.
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Figure 10 Effect of benzyladenine on the fruit (F), leaf (L) dry mattcr and water
content; I represent standard error bars,
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4.3. Fruit titratable acidity, citric acid cquivalent, vitamin C content and soluble
solid content

Benzyladenine application significantly (p < 0.05) increased total titratable acidity and
citric acid equivalent of morula fruit (Figure 11). The response of morula fruit to total
titratable acidity and citric acid equivalent was linear to increasing BA concentration
(Figure 11). The BA-induced increase in both total titratable acidity and citric acid
cquivalent ranged between 11-20 % compared to the control fruit (Figure 11).
Application of benzyladenine had a significant (p < 0.0001) increase on the vitamin C
(ascorbic acid) content of morula compared to the control trees (Figure 12). The response
of fruit vitamin C content was linear with increasing BA concentration (Figure 12). The
increase in the morula vitamin C content induced by BA ranged between 16-18 % (Figure
12). Application of benzyladenine to morula trees resulted with fruits significantly having
higher soluble solids content (SSC) than fruits from control trees (Figure 13). The
increase in SSC with increasing BA concentration was linear (Figure 13) compared to the
control fruit (Figure 13). BA-induced increase in SSC ranged between 3-12 % compared

to the control trees (Figure 13).

- 4.4, Fruit chlorophyll, anthocyanin and earotenoids content

Benzyladenine application to morula trees had a non significant increase in fruit total
| chlorophyll content at harvest (Figure 14). However, BA application significantly (p <
0.05) increased fruit éoluur (anthocyanin + carotenoids) at harvest compared to the
control fruit (Figure 15). The increase in fruit colour (anthocynin + gamtenoids)

increased linearly with increasing BA concentration (Figure 13).
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Figure 12: Effect of bénzylnd:ni’nc on the fruit vitamin C content at commercial
harvest; [ represent standard eror bars.
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Figure 13: Effect of benzyladenine on the fruit soluble solids content; I represent
standard error bars,
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Figure 14: Effect of benzyladenine on the fruit chlorophyll content ot harvest; |
represent standard error bars,
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4.5. Leaf chlorephyll content

Application of BA to morula trecs significantly (p < 0.01) increased leaf total

chlorophyll, chlorophyll a and chlorophyll b contents compared to leaves of control trees

(Figure 16, 17). The total leaf chlorophyll content showed a quadratic response to the

increasing BA concentration (Figure 16). The BA-induced increase in total leaf
chlorophyll content ranged from 5-23 % compared to the control morula trees (Figure
16). Benzyladenine induced increase in both chlorophyll a and chlorophyll b content
ranged between 9-32 % and 10-35 % respectively (Figure 17). The response of morula

leaf chlorophyll a and chlorophyll b content was quadratic to the increasing BA

concentration (Figure 17).

4.6. Leaf arean

Application of benzyladenine at 50, 100 or 150 mg/l significantly (p < 0.0001) increased
the leaf area of morula trees compared to control trees (Figure 18). The increase in
morula leaf area was quadratic with increasing BA concentration (Figure 18), However,

there were no significant differences in leaf area of morula trees sprayed with either

control or 50 mg/L. BA (Figure 18).

4.7. Vegetative growth

o)

Application of bénzyludcninc at 50, 100 and 150 significantly (p < 0.05) increased the
*terminal shoot length compared to the control morula trees (Figure 19). The response of '

morula terminal shoot length was linear with increasing BA concentration (Figure 19).

_48 -



y =.0.0028x% + 0.4379x + 53,141
R} = 0,9997

Total leaf chlorophyll content (mg/em’)

0 50 100 150 220

Benzyladenine concentration (mg/L)
Figure 16: Effect of benzyladenine on the morula leaf total chlorophyll content; I

represent standard error bars.
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Figure 17: Effect of benzyladenine on the morula leaf chlorophyll a end
chlerophyil b content; I represent standard error bass
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Figure 18: Effect of benzyladenine on the morula leaf area; I represent standard
error bars.

y = 0.0635x +29.592

R*=0.837

Tenminal shoot length per cm limb circumference

0 50 100 150 200 .
Benzyladenine concentration (mg/LL)

Figurc 19: Effect of benzylndenine on the terminal shoot length of moruln; I represent standard
crror bars,
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The increase in the morula terminal shoot length induced by BA ranged between 22-24 %
(Figure 19). Applicutiun of bcnzylﬂdcn‘iné at 50, 100 and 150 significantly (p < 0.0001)
increased the shoot number of morula compared to the control trees (Figure 20). The
response of morula trees to BA application with respect to shoot number per limb
circumference was linear with the increasing BA concentration (Figure 20). The BA-

induced increase in the shoot number per limb circumference between 33-50 % compared

to the control (Figure 20).

4.8. Interaction between vegetative growth and fruit set

The relationship between shoot number and fruit set (Figure 21), and between terminal
shoot length and fruit set (Figure 22) were both negatively correlated. Increase in morula
fruit sct significantly (p < 0.01) reduced shoot number per cm limb circumference (Figure

21). The increase in fruit set also reduced the terminal shoot length of morula trees

(Figure 22).

4.9, Fruit and leaf mineral content

Application of benzyladenine at 50, 100 or 150 mg/L to morula trees significantly
increased the morula fruit mineral content compared to the control trees (Table 1). The
fruit calcium (Ca) (p < 0.05), magnesium (Mg) (p < 0.05), nitrogen (N) (p < 0.01) and
potassium (K) (p < 0.001) were significantly increased with increasing BA concentration
reaching the highest mineral content at 150 mg/l BA except for potassium (Table 1).
Differences in fruit Na, Ca, Mg and K content from trees sprayed with cither 100 or 150

mg/L BA were not significant (Table 1). With respect to fruit P, Na, Ca, Mg and N
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Figure 20: Effect of benzyladenine on the terminal shoot number of morula; 1
represent standard error bars.
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Figure 21: Relationship between morula shoot number and fruit set
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Figure 22: Relationship between morula terminal shoot length and fruit set

Table 1: Morula fruit mineral content (mg/g) as affected by benzyladenine

BA Phosphorus Sodium Calcium Magnesium Nitrogen Potassium
mg/L, mg/g mg/g)  (mg/p mg/g) mg/g) mg/p)

0 0.51 0.90 1.09 1.18 3.55 10.23

50 0.67 1.00 1.27 1.24 3.75 11.36

100 0.95 1.12 1.45 1.48 3.77 11.49

150 1.54 £.05 1.80 [.55 4.21 10.76
Signiﬁcancc Sk * # . % *

LLSD 0.28 0.14 0.49 0.28 0.35 0.83

Significance level: * (.05, ** 0.01, *** 0.001, **** 0,0001
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murﬁla content, there were no significant differences among the BA concentrations
between control (unsprayed) trees and 50 mg/L in their ability to influence P, K and Na
translocation to the fruit (Table 1), In comparison to other mincrals, phosphorus had the
highest response to BA applications with fruit content between 24-67 % compared to the
control, thus the overall increase of 43% (Table 1). Potassium had the lowest response
compared to other mineral elements ranging from 11-15 % thus an overall increase of 6
7o (Table 1). The percentage increase of calcium was between 14-40 %, while Na

percentage increase was between 10-20% (Table 1),

Similar to fruit mineral content, BA application to morula trees increased the leaf mineral
content (Table 2). Application of 150 mg/L BA significantly increased the morula tree
mineral uptake of P, Na, Ca, Mg, N and K compared to control trees (Table 2). However,
application of 50 or 100 mg/L BA did not significantly increase the leaf content of P, Na,
N and K compared to control (Table 2). With respect to leaf Ca and Mg content,
application of 100 mg/L BA significantly increased their contents compared to leaf

content in the control trees (Table 2).
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Table 2: Morula leaf mineral content (mg/g) as affected by benzyladenine

BA Phos

phorus Sodium Calcium Magnesium Nitrogen Potassium

(mg/L) (mg/g)  (mp/p) (mp/p)  (mp/p) mg mg/g)

0 0.38 0.96 1.76 3.22 3.80 7122

50 0.45 1.04 2.07 3.41 3.84 7.40

100 0.52 1.22 2.52 3.67 3.85 8.83

150 0.78 1.67 2.89 3.94 4,17 16.00

Significance ** * TTY. * * 'Y
~lgmhcance * - oo

LSD 0.23 033 04 0.44 0.29 3.4
= 04 033 04 0 044 029 34

Significance level: * 0.05, ** 0.01, *** 0.001, **** 0.000]
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CHAPTER 5
DISCUSSION

-_—
5.1. Fruit Set

Fruit growth commences afier successful pollination and fertilization of ovules within a
flower. Flowers with unfertlilised ovules die and those remaining begin to grow into
morula fruits. Some fruits drop off and afier that the retained fruits continue to develop to
maturity with different physiological processes taking place. Morula fruit growth and
development showed a simple sigmoid curve. This means that it follows the same pattern
of growth with fruits such as mango (Mangifera indica L), jack fruit (dArtocarpus
heteropyllus), apples (Malus domestica), Jopanese pear (Pyrus serotina), pecan (Carya
illinoinensis) and filberts (Corylus avellana) (El-Slhnrkuwy et al., 20()7; Ullah and Haque,

2008).

The resqlts of this study showed that BA reduced the fruit set of morula fruit trees. The
response of morula to increasing BA concentration was quadratic, with no significant
differences between 100 or 150 mg/L BA in their ability to reduce crop load or fruijt sct.
Emongor (1995) reported similar results in Empire apples. He found that application of
30, 100 or 200 mg/L. BA to “Empirc” apples significantly reduced fruit set and the
response was quadratic. However, Elfving and Cline (1993) using scveral apple cultiﬂvars
on-different rootstocks reported a lincar relationship _bctjwccn BA concentration and
reduction of fruit set. Bound ef al. (1993) reported no linear fruit thinning response to

increasing BA concentration on 5-year old red “Fuji” apple trees on scedling rootstocks.
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Benzyladenine has been reported to be cffective in thinning fruit trees and its
cffectiveness varies among different species/ cultivars, fruitlet size, timing of application
and application rates (Greene and Autio, 1989; Greene ef al., 1992; Elfving and Cline,
[993; Ferree, 1996). In some apple cultivars, BA ecffectively thins fruits at the
concentration of 50 to 150 mg/L and beyond that the chemical may not thin the fruitlets

or may over thin them (Elfving and Cline, 1993: Emongor, 1995; Ferree, 1996; Emongor

und Murr, 2001).

The reduction of crop load may be induced by the increase in ethylene production in the
BA-treated fruitlets and leaves than the control trees (Greene, ef al., 1992; Emongor and
Murr, 2001; Stopar, 2002). Ethylene releasing compounds have been shown to be very
effective in the formation of abscission layer in fruits such as cherries, apples, walnuts,
macadamia nuts and tangerines (Arteca, 1996). This may explain morula fruitlet
abscission and dropping a few days after benzyladenine application. This was
demonstrated by Kondo and Mizuno (1989) and Emongor (1995) where BA spray
increased cthylene evolution from apple fruitlets followed by fruit abscission.
Benzyladenine may also inhibit the export of auxins on the fruitlets intended to drop of
which may lead to the accumulation of the extractable auxins (Bangerth, 1986) and
increased ethylene production, hence leading to formation of the abscission layer (Reid,
1985). The formation of the abscission layer can also be due to fruitlet sensitivity to
cthylenc, interference of BA with the synthesis, transport or action of auxins and thereby

leading to the abscission of fruitlets (Emongor and Murr, 1999).
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3.2. Fruit Quality: Fruit size

Benzyladenine increased fruit size in terms of fruit weight, length, diameter, length-to-
diameter ratio and fruit density. Fruit thinning has been associated with increased fruit
size in peach (Byers, 1989), apples (Forshey and Elfving, 1990; Emongor and Murr,
1999; Emongor and Murr, 2001; Stopar, 2002) and grapes (Reynolds ef al., 1986). This
was also the case in some studies where benzyladenine showed the highest response
towards increase in fruit size of apple cultivars (Elfving and Cline, 1993; Ferree, 1996;
Greene, 2005) The general increase in fruit size (weight, length, dinmeter and density) of
moruta contributed by BA was associated with the reduction in the fruit set since there is
a strong relationship between the number of fruits in a tree and fruit size (Forshey, 1986).
Fruit size (weight) of morula increased with the increasing BA application and the
response was quadratic. This suggests that there was a reduced competition between
fruits and within fruits for photosynthetic assimilates, metabolites, mincral elements,
water and other growth factors of the remaining fruits leading to the leaf:fruit balance
(Williams and Edgerton, 1981; Wismer, 1994; Elfving et al., 1996). The BA-induced
increase in morula fruit size (lenpgth, diameter, L:D ratio and weight) could also be
attributed to increased number of cells in the BA-treated fruits. Benzyladenine has been
shown to increase ccll division in the young fruitlets (Wismer, 1994) resulting in more
cell number per unit fruit weight or volume than control fruit. Benzyladenine has also
been reported to increase fruit enlargement (Stoppa, 1999) due to increased cell division

and elongation.
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Costa et al. (2004) reported that in “Gala” and “Fuji” apple varieties treated with BA and
naphthalene acetic acid (NAA), the average fruit weight of treated apples increased in
response to BA and naphthalene acetic acid (NAA). They further reported that BA treated
apples were heavier in weight than the NAA treated ones even though the thinning action
was slightly lower. This confirms that BA increases fruit size by both increasing cell
division and enlargement, and reduction in inter-and-intra fruit competition for
assimilates and fruit growth requirements. In delicious apples, the application of BA
promoted fruit enlargement and development of calyx lobes (Arteca, 1996).
Benzyladenine has been reported to improve the grading index of apples with the largest
apple of diameter greater than 90 mm hence increasing the percentage of marketable

apples (Basak, 2004).

Benzyladenine has also been reported to have the ability to promote carbohydrate
metabolism and create new source-sink relationship which increases the sink strength and
fruit size at harvest (Dyer et al., 1990; Emongor and Murr, 2001). The increase in morula
fruit size in the current study was attributed to the BA-induced increase in the endocarp.

This suggests that BA may have prolonged the period of endocarp development. Withina
fruit, sceds are stronger sinks than mesocarp; therefore, they may have directed
metabolites to the endocarp as their site of growth and development. The BA-induced
increase in morula fruit size was also attributed to the BA-induced increhsc in fruit dry
matter. In most fruits usually 50-80 % of dry matter yicld is carboﬁydmtcs (Kays and

Paull, 2004), of which have been indircctly contributed by the reduction of competition

for photosynthates leading to enough accumulation of photoassimilates. In the current
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study, BA increased the leaf area of morula treated trees hence explaining the increase in
fruit dry matter and fruit size in the BA-treated morula trecs. BA-induced mineral
composition may have also influenced the increase in the morula fruit size. Potassium
and sugars act in a complementary manner to producc the tugor potential for cell
extension. Nitrogen also plays a role in osmoregulation and cell division, this may have
influenced the increase in fruit size of morula treated fruits (Marshner, 1995). Pacheco e/
al., (2004) reported that N and K fertilization showed significant cffect on the leaf
mineral composition at fruit enlargement in Kiwi fruit “Hayward”. In cucumber

cotyledons, K* supply enhances cell extension in response to application of cytokinnins

(Green and Muir, 1979).

5.3. Soluble solid content, organic acid content

Carbohydrates are the most abundant biochemical constituents in plants, representing 50-
80 % of the total dry weight (Kays and Paull, 2004). Stored energy rescrves make up
much of the structural framework of the cells. Simple carbohydrates such as sugar,
sucrose, plucose and fructose, impart important quality  attributes to harvested
horticultural produce. In fruits, it is primarily the sugars and organic acids which
coniribute to the fruit taste although the nstringent nature of some fruits can be attributed
to their phenolic and tannin content. However, the characteristic flavour of individunl
fruit usually derived through our sense of smell is due to the production of specific
volatilés. Thus, the flavour of the fruit depends on the complex interaction of sugars,
organic acids, phenolics and more specialized flavour compounds iﬁclﬁding a wide i'ange |

of volatiles (Kays and Paull, 2004).
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The morula trees treated with benzyladenine produced fruit high in soluble solids content
(sugars), citric acid equivalent and total titratable acidity compared to fruit from untreated
trees. Sugars and organic acids are used as respiratory substrates and both originate from
photosynthetic assimilates. Benzyladenine increased soluble solids content, citric acid
cquivalent, total titratable acidity and ascorbic acid content because of the increased
morula leaf area, chlorophyll a, chlorophyll b and total chlorophyll content which might
have increased photosynthetic ability of the BA-treated morula trees, hence increased
assimilates production. The increased photosynthetic rate may also be attributed to the
BA-induced increase in the leaf nitrogen (N) content, because leaf N is one of the factors
that determine the photosynthetic rate per leaf area, thus the higher the leal N the higher
the leaf photosynthesis. Dejong (1983) reported a linear correlation between the leaf N
and photosynthetic rate per leaf arca in peach and other stone fruits. Benzyladenine
increased morula fruit SSC because BA reduced the within and between fruit competition
and increased the leaf-to-fruit ratio resulting from the reduction in fruit set as there would
be more leaves to support fruit growth. However, this may provide only a partial
explanation, because Greene ef al. (1990) reported that BA, NAA and carbaryl reduced
crop load to a comparable level in “Mcintosh” and “Empire” apples, yet SSC was
increased only in BA-treated fruit. This suggests that BA could have altered the source-
sink relationship by increasing sink strength, promoting carbohydrate metabolism and
altering tree physiology (Emongor, 1995; Emongor and Murr, 2.001). Basak (2004)

reported that higher BA concentrations caused a significant increasc of soluble solid
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content (SSC) compared to non-thinned trees, but as compared to the hand thinned trees

there was a similar response towards the sugar content.

Morula fruits treated with benzyladenine significantly increased the vitamin C content
with a linear response to the increasing BA concentration. Vitamin C as an organic acid is
an ecarly product of photosynthesis, duc to the increase in the total leaf chlorophyll,
chlorophyll a, chlorophyll b content and leaf area of morula, there was an increased
photosynthetic activity which led to the increase in vitamin C content. BA also induced
the balance between leaf-to-fruit ratio of morula and therefore reducing the competition
within the fruits, hence leading to increased photoassimilates and metabolites essential
for vitamin C synthesis. Potassium is one of the most important minerals in the leaf
tissues since photosynthesis requires adequate levels of K in the leaf tissues (Smid and
Peaslee, 1976). The synthesis of adenosine triphosphate (ATP) needed for photosynthesis
reactions such as activitics and efficiencies of the enzymes involved in photosynthesis
(RUBp carboxylase), carbon dioxide uptake into the leaves (stomatal openings) and the
balance of clectrical charges needed for phosphorylation in chloroplasts are influenced by
K (Marshner, 1995). This is one of the contributing factors to the improvement of the
fruit soluble solid content and organic acids content (total titratable acidity, citric acid
equivalent and vitamin C) on the BA trcated fruits since leaves as the major source of
photoassimilates have to synthesize enough assimilates to sustain the {ruit. Potassium has
also been proven to have a role in many crop quality parameters (Usherwood, 1985). It

promotes phloem transport of photosynthates (mainly sucrose and amino acids) and their
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mobilization to the physiclogical sinks (fruits, roots, tubers, seeds and grains) and even

their conversion into starch, proteins, vitamins and oils (Mengel, 1997).

With proper K nutrition, tomato fruit is generally high in total solids, sugars, organic
acids, carotene and lycopene as well as longer shelf life (Mengel, 1997). In citrus, K is
recported to increase vitamin C and soluble solids content (Usherwood, 1985) and
improves the acid/sugar ratio (Koo, 1995). Similar results have been reported in peaches
where the increase in K led to an increase in the fruit titratable acidity (Kwong and
Fischer, 1962; Mcﬁgel and Haeder, 1974). The presence of K' and other ions help to
maintain osmotic concentration necessary to keep the cell turgid and for translocation of
assimilates and soluble solids to the stronger sinks (fruits) (Maschner, 2002), which
caused the increase in fruit soluble solids content, citric acid equivalent, total titratable
acidity and vitamin C content. Phosphorus also plays a role in the formation of sugars and
starch, therefore, the BA-induced increase in phosphorus content may have also
contributed to the increased SSC of morula fruit. This suggests that apart from the direct
effects of BA to the improvement of fruit quality, the BA-induced increase in mineral

content such as K and P indirectly also improved morula fruit quality.

S.4. Fruit colour at harvest:

Many fruits change colour during ripening and it represents a key attribute along with
texture for determination of quality of fruits. Colour change in fruits can result from
degradation of chlorophyll, which in turn unmasks previously present pigments such as a

[}-carotenc (Emungnr,' 1995). However, in most fruits the loss of chlorophyll is
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accompanicd by the biosynthesis of either anthocyanins or carotenoids (Kays and Paull,
2004). In the current study, application of BA to morula trees at 50, 100 or 150 mg/L
increased fruit colour (anthocyanins and carotenoids content), but had no significant
effect on the fruit chlorophyll content. Benzyladenine might have increased the
concentration of morula fruit colour at harvest because of the increased SSC induced by
BA. Emongor (1995) reported greater anthocyanin content in BA-treated apple fruits and
attributed it to high SSC in the BA-treated fruit. The biosynthesis of anthocyanins during
maturation is closely related to carbohydrate accumulation (Winkler et al., 1974;
Goldschmidt, 1980). The link between carbohydrates and anthocyanins ﬁlay be via the
pentose phosphate pathway which leads to the shikimic acid pathway used in anthocyanin
biosynthesis (Goldschmidt, 1980). Cytokinins have also been reported to enhance

“anthocyanin accumulation in olive fruit (Goldschmidt, 1980).

Carotenoids are terpenoid compounds derived from acetyl CoA via the mevalonic acid
pathway. The BA-induced increase in anthocyanins and carotenoids may also be related
to accumulation of organic acids especially acids involved in the tricarboxylic acid cycle
(TCA). In the current study BA-treated fruit had significantly higher citric acid
cquivalent, total titratable acidity, ascorbic acid content than control fruit. Anthocyanin,
carotenoids and organic acids all require acetyl CoA in their biosynthetic pathways.
Benzyladenine may have possibly influenced anthocyanins, carotenoids and organic acids
biosynthesis by influencing the transcription of acetyl CoA. Cytokinins also play a vital
role in cnhancing phenylalanine ammonia lnyase (PAL) and tyrosine ammonia layase

(TAL). These are the key enzymes in controlling anthocyanin biosynthesis from
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shenylalanine and/or phenol synthesis (Tucker, 1993). PAL enzyme catalyses the
:limination of ammonia from phenylalanine to give trans-cinnamic acid (parent
zompound for anthocyanin biosynthesis) (Tena ef al., 1984). This may have partly
influenced the BA increased anthocyanin content in morula fruits at harvest. El-Meleigy
.1989) found that BA enhanced the biosynthesis of anthocyanin content in roselle (Rosa
spp) leaves and carlyx. The PAL and TAL activities in roselle plants increased with more
response pronounced when BA was applied at 100mg/L and/or 100mg/L. GA (Raifa et
al., 2005). Similar results were also found in strawberry fruits (Montero et al., 1998) and

seriwinkle (Ohlsson and Berglund, 2001).

3.9, Leaf arca, water content and drymatter content

Benzyladenine increased vegetative growth of morula tree. The leaf area of morula in
response to BA application was quadratic. Benzyladenine as a synthetic cytokinin has
been reported to stimulate leaf enlargement by promoting cell expansion of the leaves
(Taiz and Zeiger., 2002). It has been reported that with enhanced cytokinnin content,
iransgenic tobacco plants produced more leaf cells and bigger leaves than.the control
leaves (Wemer et al., 2001). Minceral content of both the fruits and leaves may have
increased the leaf area. The cell extension of leaves is related to their potassium and
nittogen content because potassium plays a role in cell enlargement due to
psmoregulation and nitrogen is essential for cell division. Though the lcaf area was
significantly increascd by BA upplicntién,-mc leaf dry matter and water content results
were not significantly increased. Taiz and Zeiger (2002) reported that cytokinin treatment

promoted additional cell expansion but with no increase in the dry weight of the treated
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plants. Jackson (1985) observed that the thinned trees can have either the same or greater
stomatal conductance than the unthinned trees but a higher water potential suggesting that

the presence of fruits may be affecting the turgor or osmotic potential of the leaves and

hence their water content.
5.6. Leaf chlorophyll content

The results of the current study showed that BA significantly increased chlorophyll
content (chlorophyll A, chlorophyll B and total chlorophyll) of morula leaves. The
chlorophyll content increased with increasing BA concentration with a qualdmtic
response. Benzyladenine as a cytokinnin plays a role in the light regulated development
such as stimulation of chlorophyll synthesis (Salopeck-Sondi et al,, 2002) and
differentiation (Taiz and Zeiger, 2002). Benzyladenine has been reported to promote
chloroplast development and chlorophyll synthesis in several plant structures (Salisbury
and Ross, 1996; Emongor and Murr, 2004) This suggests that besides light interception,
benzyladenine stimulated chlorophyll synthesis in the leaves. The increased mineral
content of morula leaves and fruits induced by BA may have also influenced the increase
in the chlorophyll content. Nitrogen and magnesium are important components of

chlorophyll (Marschner, 1995), which were all increased by BA in the current study.

5.7. Terminal shoot growth and shoot number -~ I

Benzyladenine increased the terminal shoot length and shoot number of morula trees

significantly, The increase was lincar with increasing BA application. Erﬁnngnf(l995)
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working with “Empire” apples reported that application of 50, 100 and 200 mg/L BA
increased vegetative growth. The increase in vegetative growth in the current study
induced by BA was attributed directly to the reduction in crop load (fruit set) caused by
BA depending on the concentration used. Benzyladenine increased vegetative growth and
reduced fruit set, thus increasing the leaf-to-fruit ratio, resulting in availability of more

photoassimilates and growth factors for vegetative growth.

Benzyladenine has been reported to increase the formation and activity of shoot apical
meristems (Taiz and Zeiger, 2002). Normally afier fruit set, vegetative growth continucs
to slow down due to a high demand of the assimilates and metabolites for fruiting since
fruits arc stronger sinks, but under circumstances of abundant water, nutrients such as
nitropen and potassium, plant growth regulators and photoassimilates a high vigour is
maintained and hence the shoot growth may continue at a steady rate throughout the
seasur: (Robinson et al, 1998). The increased shoot number per cm limb circumference

was also attributed to BA overcoming apical dominance of morula trees, a characteristic

cytokinin correlative effect (Emongor, 1993).

Studies have been carricd out on different plant species and cultivars and it has bécn
shown that BA has an effect on vegetative gmﬁrth in terms of shoot growth and \vhﬁt_
vnriﬁs is the concentration of response to benzyladenine. Imai ef al. (1995) reported that
BA promoted the release of suppressed lateral buds and incrcn.s_‘cd the number of long
shoots c;n Larix occidentals nutt which were Suilnble for sfem tiphcutli”ngs. Benzyladénine
at 10-20 ppm significantly increnserd lht;. numﬁcr of shoots of potﬁtnes in a study done oﬁ

the BA effect on vegetative growth and tuber production. While in bengonia leaf discs
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where Kinctin was used as a synthetic cytokinin suppressed root growth but shoots
appearcd sooner in larper quantitics (Badizadegan et al., 1971). The exogenous supply of
benzyladenine to Bengonia x Cheimantha also promoted shoot formation at a constant
temperature of 24 °C (Leomadi et al., 2006). Benzyladenine has been used in folinge
plants such as Synqoniump podophyllum 'White Butterfly', Schlumbergera truncate,
Peperomia obtusifolia, Cordyline terminalis, Hedera helix ‘English Ivy’ to induce lateral
shooting (Henny, 1989). The increased mineral nutrition in the current study duc to BA
application especially nitrogen may have contributed to the increased terminal shoot

length and number because nitrogen increases the rate of shoot growth and development

(Marschner, 1995).

3.8. Intcmctibn of vegetative and repfﬁductive growth
The rcsults. of this study showed that there was a negative correlation between vcgclatiﬁc
'z'md reprodﬁctiv;: growth of morula trees. Several studies suggﬁsl that a wide ﬁngc of
. species have a reduction in dry matlér partitioning to shoots, leaves and ronts due tﬁ
frumng Hunscn (1971) and Maogg (1963) rcpurtcd 0 rcductmn in shnot and lcaf
production with increasing fruit load, Heim ef al. (1979) rcpnrtcd similar rcsults on the
effccl§ of ﬁ'ultmg olvcr the stem dry matter uccumuluuun, thus over 40 Y n[; lh’e stem Hry
matter was fixed in the nnn-frultmg apple cullwarks.coml-mrcd with 10 % for heavily
' fruiting trees. Sanz et al. (1987) reported an fntcmclinn bclwecn. the shnnl and l'ruil
gruwlh in citrus and bc-twcen cfop wmght nnd mcrenscl in lhe*lrunk Cross sccunnal areq m
Mclnlosh apples (chstcr and Bruwn y 1980) This suggesls that lhcrc shc;uld bc a
balnncc belwccn the shnolm[, and fruiting ul' thc trcc Thc Ieaves ns a1 major source

pmducc all the curbnhydrales through phntnsymhcms ln be medluted und utlllzed by the
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fruit (sink) for growth and devclopment hence contributing to the fruit quality. Forshey.
(1986) reported that optimum fruit size and quality require about 30 leaves per fruit, and
fruit thinning improves the leaf: fruit ratio by- increasing the leaf number and size
available to each persistent fruit. Even though thinning improved the leaf area available
to the persisting fruit not all of the increase in carbohydrate supply goes to the fruit, puft

of it is diverted to sustain vepetative growth {or shoot growth and development,

chlorophyll synthesis, root strenpgth and activity.

5.9. Mineral nutrition

Generally fruiting reduces growth of all parts of the plant but with a greater effect on the
roots (Forshey, 1986). This reduces development, strength and activity of the roots and
hence reducing the supply of reserves and essential gmxwll regﬂlutors such as water, plant
growth regulators (since others such as cytokinins are synthesized: in the roots) and the
mincral elements. Due to enough supply of assimilates in response to benzyladenine
| applicutiun, the root activity was improved and hence pmmuling the translocation of
minerals to the sinks (fruits and leaves) and other growth regulators. This correlates well
with the current results _ot' this study in which BA significantly increased the mineral

content of morula leaves and fruits compared to the control (untreated) trees.

In some trees especially heavy fruiting cultivars, it has bc'cn found that fruiting reduces
- the root gmwth development and activity which affects the mineral nutrient UplﬂLC_'_
(Wright, 1985). This implies that with.'a ‘reduced crop Joad: the root nclmty was

increascd,fand thereby enhancing thc:r ablllly o transport minerals to the sinks. Because
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the fruits are stronger sinks than lhc leaves, the results of the current study showed that
they had a greater amount of total minc;'als compared to the leaves. Apart from the
re_ductinn in fruit set, BA nlsu increased mineral nutrient mdbilizatiun, a phenomenon |
known as the cylnkiniﬁ-induced nutricnt mnbilizatiun_ (Taiz and Zeiger., 2002). The
nutrients will move from the site of production and/or storage (roots and/or lcaves) to the
site of utilization (leaves/ fruits). Among all macro-elements, calcium (Ca), nitrogen (N),
potassium (K), and phosphorus (P) and among microelements, boron (B) have been more
frequently associated with various fruit quality attributes (Fallahi and _Fullnhi, 2007).
These clements responded to the benzyladenine application and therefore imprdved fruit
quality. The effect of BA on the increased potassium mineral content in both the leaves

and fruits may have influenced the increased uptake of other minerals (N, P, Mg, Na, Ca).

Potassium plays an important role in osfnn-regulation and translocation of nutrients into
plaqt cc]l_s. (Atwell et al., 1999). The uptake of minerals through the transpiration stream
is driven by diffusion/ fnnss flow through the osmotic gradient, thus water nvdilability in
the transpiration slréani is a major drive for mincral translocation through the phloem and
xylem vessels. Calcium also plays a role in the uptake of nitrogen and other mincrals, due
to their mlf;: in the osmdtic balance. The fincrcuscd phosphorus content might have also
increased uptake of other minerals because through cell division, P stimﬁlutes the
formation and growthu[‘ roots (Marschner, 1995). The rate of root elongation and surl‘ﬁcc |
areﬁ of the roots ar¢ important factors for root activity because larger surfacé :irc:; is vital .

for the mincral uptake from the soil and their tmr‘lslucation. o the leaves and - fruits.

- Phosphorus might'havc' improved the ability of plants to absorb water and nutrii:nts._
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Increased mineral uptake in the morula leaves and fruits mny also be attributed to the
increased photosynthetic factors such as hfgh lcaf chlorophyll content, increased leaf arca
resulting in high sugar content and organic acids. IThcsc assimilates are essential for ATP
and carbondioxide fixation _(encrgjr compounds), the high energy is required for nutrient

uptake and their assimilation in the plant cells.
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CHAPTER 6
~ CONCLUSION AND RECOMMENDATIONS | |

6.1. Conclusion

Benzyladenine reduced 1hcl morula fruit set. It has increased vcgemlivc growth, improved
- fruit quality and incr_cased nutrient partitioning to the leaves and fruits. The hcavlj
demands of fruiting distort carbon, minerals and .gmmh requirements among vegetative
parts, including thc_ root/shoot balnnce and fruiting. Heavy fruiting depletes storage
reserves leaving the tree susceptible to winter injury. From the results of this study,
application of benzyladenine to morulu trees reduces the fruit set and in‘crcuse vegetative
growth, thus increasing thc leaf-to-fruit rﬁlin and vigour of the fruit trees. These results
suggest that BA can be used to manipulate fruiting behavior of morula fruit lrcés-to
impmv;: the l'ruithquqlity, and vigour (vegetative grmw-.rth) _uf the mnq:ln trees, and

marketable fruit size.

6.2. Recommendations

Bascd on the results of this study, further rescarch on poncénlmtion and timing ﬁf BA.
application tﬁ improve the efficacy of thinning should be done.""l_'h_c research should also
include different sites of Botswana for example the Southern region, _Nu_rt-liem fcéinn,
Central region, Eastern rpgion and Western parts of Blglswann‘*to fép;cscqi the _d_iﬁ"ci-c!n;t. y

agricultural regions of the country.
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