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Summary

Mango production in Northern Vietnam is mainly angaed in farmer-owned, small-scale
orchard operations. However, the production istihidue to excessive fruit drop presumably
caused by unfavourable climatic conditions in camabbn with plant stresses during the fruit
set period. There is a general belief that thimpheenon is caused by different combinations
of stressing factors which may vary between regiang sites. In the mountainous area of
Northern Vietnam, fruit drop of two main local dulirs ‘H6i’ and ‘Tron’ may be caused by
environmental cues occurring particulary duringtfget. Environemntal stress factors may
include excessive air temperature, low relative idity) strong prevailing winds and little
rainfall. These multiple stressors are likely assed with a time dependent change of the
endogenous plant hormone auxin (indole-3-acetid, d&iA) exported from fruit and within
the pedicel. Field trials revealed, that fruit sthed could be reduced by irrigation and plant
growth regulator (PGR) application throughout thgear experiment study; however, it
remains unclear how climatic conditons might indloemonal response and thus enhance
fruit shedding at different stages of fruit devetogmt.

The present research project consists of threeestuBirst it was to determined which single
or multiple climatic cues trigger fruit shedding mango. Second, it was attempted to
alleviate fruit abscission by PGR spray applicataanpost-bloom and early developmental
stages of the fruit in comparison with regulargation scheduling to reduce extensive fruit
abscission. Third, the morphological changes inathgcission zone of mango pedicel during
fruit abscission were studied. The timely changeplant tissue IAA concentration and its

key role in the abscission process was also evaduat

The research work was conducted in a commerciflandcnear the township of Yen Chau in
2007, 2008 and 2009. The experimental design dexses 20 randomly selected 10-year-old
mango trees of each of the cultivars ‘H6i’ and frrdHalf of the trees were irrigated at 3-

day-intervals by mircospinkler and the remaininges served as non-irrigated controls. For
the PGR applications, 3 trees of each cultivarG0& and 6 trees of each cultivar in 2009
were used. In both experiments, 10 randomly seleictiéorescences per tree were labelled
and counted twice per until end of the fruit draguipd. Fruit tissue was collected on-site from

irrigated and non-irrigated trees. The fruit expafrthe endogenous indole-3-acetic acid was
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analyzed by Radio-Immuno-Assay (RIA). Further, lariey the morphological changes
within the abscission zone (AZ) of mango pedicsEmnples of irrigated and control trees
were collected, fixed and embedded, using a matldiehydration and embedding technique

by vacuum infiltration.

The results of the first part of this study inde#tat the onset of the hot, dry prevailing winds
induced the fruit drop. Whether fruit drop was reeld by irrigation seems to depend on the
level of soil water deficiency, hence the reductidplant water potentials. The results of the
second part of the study showed that PGR applitatieduced excessive fruit drop. Although
all chemical treatments indicated significant effea single spray application of N-(2-chloro-
4-pyridyl)-N-phenylurea (CPPU) and 1l-naphtalendacatid (NAA) effectively improved

fruit retention. Furthermore, those spray applaati led to a greater fruit set per

inflorescennce than irrigation.

However, IAA-export was not clearly affected byigation or PGR applications. The results
of the third part of the study indicate positivéeet of irrigation on fruit retention in both

cultivars, which might be influenced by increaseddipel thickness thus increased
carbon/nutrient availability to the fruit duringitozal environmental periods. Moreover,
shortage of carboydrate supply to the fruit mayabsociated with a reduction of IAA-export
out of the fruit and this in turn triggers the absmon process.

In conclusion, this research proved that prevaiemgironmental conditons, particulary hot,
dry winds, induce premature fruit drop in mangdNiarthern Vietnam. The identification of

the physiological basis of premature fruit dropoaid the development of effective crop
management strategies (e.g. PGR applications, aifoig) to overcome unfavourable

environmental conditions and to reduce or evenbiblplant responses associated with
premature fruit drop. The presented results sugdhat setting up an irrigation system
increased fruit retention, which; however, is aagliavestment for farmers. It was shown that
the ease of PGR application and the efficiencyheftteatment is a promising alternative to
irrigation in oder to prevent excessive fruit dinpnango. The development of effective, fruit
drop reducing crop management strategies may @isimized crop loads and enhanced

financial returns to growers.




Zusammenfassung

Die Mangoproduktion in Nordvietnam ist Uberwiegendauerlichen Kleinbetrieben organi-
siert. Der Anbau ist jedoch stark eingeschrankthl@inen tbermaligen Fruchtfall, vermut-
lich verursacht durch ortlich vorherrschende unggesklimatische Bedigungen. Es wird
allgemein angenommen, dass dieses Fruchtfall-Phémaiarch eine Kombinationen ver-
schiedener Stressfaktoren verursacht wird, diegehrRegion und Lage variieren. In der
Bergregion von Nordvietnam, genauer der Son LaiRzgkann der Fruchtabfall von unguns-
tigen Umwelteinflissen verursacht werden, die zgsimgéhrend des Fruchtansatzes auftreten.
Zu diesen negativen Umweltfaktoren zahlen sowotreex hohe Lufttemperaturen, eine nied-
rige relative Luftfeuchtigkeit, aber auch die vamsehenden heil3en Winde mit wenigen Nie-
derschlagen. Ein Zusammenwirken dieser multipleesSoren kann vermutlich eine Redu-
zierung des Auxins Indol-3-Essigséaure (IAA) Expadtgch den Fruchtstiel bewirken. Feld-
versuche zeigten, dass das Muster und die Intémg&iFruchtfalls bei Mango wahrend der
gesamten 3-jahrigen Versuchsperiode durch Bewadsgeowie die Anwendung von Pflan-
zenwachtumsregulatoren verandert, respektive veenirwverden konnten. Es bleibt jedoch
unklar, wie die Klimabedingungen eine hormonell@alR®n hervorrufen kénnten, und folg-

lich den Fruchtfall in verschiedenen Stadien dercktentwicklung verstéarken.

Das vorliegende Forschungsprojekt besteht ausStuelien. Das Ziel der ersten Studie war
es, die einzelnen bzw. kombinierten klimatischektéi@n, die den vorzeitigen Fruchtfall bei
Mango induzieren, zu bestimmen, bzw. durch dendEmson regelmafiger Bewasserung
diesen Stressoren entgegenzuwirken und somit deshffall zu reduzieren. Ziel der zweiten
Studie befasste sich mit den moglichen Auswirkunden Behandlung mit Pflanzenwach-
tumsregulatoren und deren Potential den vorzeitigraichtfall kurz nach der Blite und wah-
rend des frihen Entwicklungsstadiums der Mangotdich vermindern, bzw. deren Effekte
mit den Ergebnissen des Bewdasserungsexperimenergieichen. Im dritten Teil des vorlie-
genden Forschungsprojekts wurden die morphologmstfeédnderungen in der Abszissions-
zone von Mangostielen wahrend des Fruchtfalls satdt. Die Untersuchungen des Auxins-
Exports der zweiten und dritten Studie dienten t&ighlich dem genaueren Verstandnis tber

den Auxinflul3 aus der sich entwickelnden Frucht sachit der endogenen Hormonkonzent-




ration im Trenngewebe Uber die kritische Zeit deschtfalls und deren Schlisselrolle im

Abszissionsprocess, besonders in Abhangigkeit eoBdwasserung.

Die entsprechenden Forschungsarbeiten wurden ér 8ilantage in der Ndhe der Stadt Yen
Chau in den Jahren 2007, 2008 und 2009 durchgefDirt Versuchsaufbau beinhaltete je-
weils 20 zuféllig ausgewahlte 10-jahrige Mangobauwee Sorten 'HGI' und 'Tron'. Fur das
Beregnungsexperiment wurden jeweils die Halfte B#ume in 3-tagigen Abstdnden mittels
Mikrosprinklern bewdassert, wobei die verbliebend&ume als nicht-bewdasserte Kontrolle
dienten. Zur Evaluiering der Spruhapplikation ddlafzenwachstumsregulatoren wurden
separat 3 Baume in 2008 bzw. 6 Baume im Versuchg@09 ausgewahlt. In beiden Experi-
menten wurden 10 Infloreszenzen zuféllig Uber danrB verteilt etikettiert und zweimal pro
Woche uUber die Fruchtfallperiode hinweg ausgez#ilt. die hormonellen Untersuchungen
wurden Frichte ab stecknadelgrofRe von bewéssenigmioht-bewésserten Baumen einge-
sammelt und auf Diffusionspuffer gesetzt. Die Buastung der diffusiblen IAA-
Konzentration erfolgte mittels radioimmunologisciethoden. Ferner, um die morphologi-
schen Veranderungen innerhalb der AbszissionszeneMangofruchtstiele zu verfolgen,
wurde entsprechendes Probenmaterial von bewassenéa KontrollbAumen gesammelt, in
einer Formalin-Essigsaure-Alkohol Losung fixierdwmter Anwendnung einer modifizierten
Dehydrierungs- und Einbettungstechnik mittels Vakindiltration in Glykolmethacrylat-
Methylmethacrylat eingebettet.

Die Ergebnisse der ersten Studie zeigten, das8eginn des vorzeitigen Fruchtfalls zeit-
gleich mit dem Aufkommen der heil3en, trockenen, d&iausgeldst wurde. Die Auswirkung
der Bewasserung auf den Fruchtfall scheint vonwidehandenen Bodenfeuchtigkeit, bzw.

dem verfiigbaren Bodenwasserpotential abzuhéngen.

In der zweiten Studie konnte nachgewiesen werdass durch Anwendung von Pflanzen-
wachstumsregulatoren der vorzeitige Fruchtfall ianigo reduziert werden konnte. Zwar
wurden druch alle chemischen Behandlungen der Ealchignifikant reduziert, die vorlie-

genden Ergebnisse zeigten jedoch deutlich, dasseemmalige Applikation von N-(2-chloro-

4-pyridyl)-N-phenylurea (CPPU) sowie 1-Naphtylessigre (NAA) den vorzeitigen Fruch-
tabfall am effektivsten verringerte und den Fruehidng bis unmittelbar vor dem Erntezeit-
punkt am positivsten beeinflusste. Dariliber hinaaigten die einmaligen chemischen Appli-
kationen einen im Vergleich zum Bewasserungsexparingesteigerten durchschnittlichen

XI



Fruchtbehang pro Infloreszenz. Dennoch konntenibder die Fruchtfallperiode hinweg fest-
gestellten Verdnderungen des IAA-Exports die positVirkung der Bewasserung auf die

Fruchtretention nicht erklaren.

Die mikroskopischen Ergbnisse der dritten Studiesdéa darauf schliessen, dass dickere
Fruchtstiele die bedarfsgerechte Kohlenhydratvgisay der Frichte wahrend umweltbe-
dingter kritischer Temperatur- und Wasserdampfdegzingungen positiv beeinflussen.
Darlberhinaus dirfte eine Kohlenhydratunterversoggder Frucht méglicherweise in Kom-
bination mit einem reduzierten IAA-Export aus deudht als Startsignal fir den pflanzen-

physiologischen Prozess der Ausbildung eines Absris-gewebes dienen.

Zusammenfassend lasst sich feststellen, dass dieervechenden Umweltbedingungen im
Norden von Vietnam, insbesondere die heil3en, tremk&Vinde wahrend der friihen Frucht-
entwicklungsphase einen vorzeitigen Fruchtfall Mango verursachen. Die hier beschriebe-
nen fruchtphysiologischen Arbeiten zum vorzeitigeémuchtfall bei Mango fuhrten zu der

Entwicklung wirksamer Fruchtbehandlungsstrategiém dem Aufbau eines Bewdasserungs-
systems und/oder dem Einsatz von Pflanzenwachstguoistoren, um unginstige Umwelt-

bedingungen zu Uberwinden, und um die Reaktione®@@mzen zu reduzieren oder sogar zu
unterbinden, die mit dem verfrihtem Fruchtfall ierkindung stehen. Die vorgelegten Er-
gebnisse legen nahe, dass der erntenahe Fruchtpdbesh die Errichtung eines Bewasse-
rungssystems gesteigert werden kann; wobei solghi@e fir Bauern in den Anbaugebie-
ten eine grol3e Investition darstellen. Eine Behamglimit Pflanzenwachtumsregulatoren,
bedingt durch die Einfachheit der Applikation inrfdbination mit der chemischen Wirksam-

keit, stellt eine vielversprechende Alternative,dan den exzessiven vorzeitigen Fruchtbfall
beim Mango zu verhindern. Diese kbnnte einen Bgitlazu leisten, einen 6konomisch ren-

tableren Anbau von Mango in dieser Region zu errolgh.
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1. General Introduction

1.1 Mango
1.1.1 Mango in the World

Mango (Mangifera indical.) belongs to the order Sapindales in the faroflAnacardiacea
which is a family of mainly tropical species, wihfew representatives in temperate regions.
Apart from mango, cashew, spondias and pistactaamtrer well-know crops of the family.
The classification oMangiferaspecies comprise of 69 species according to Kostes and
Bompard (1993) which at least 26 of this speciear ledible fruits primarily found in south-
east Asia. Nowadays, mangos grow in over 100 cmsnfrom the equator to close to 36°
latitudes, indicating both the great adaptabil@ydifferent environments and cultural man-
agement techniques in the different producing ates{Sauco, 1997). Producing areas can
be grouped in 6 main regions; (1) USA (Florida), ¥&xico, (3) West Indies (Caribbean Is-
lands), (4) South America, (5) Africa/Arabian Pexnufa, and (6) Indian subcontinent and In-
dochina. However, by continents, Asia is the mawdpcer with approximately 77% of the
total world production, followed by America withardy 14% and Africa with 9%, respective-
ly (Sauco, 2004). According to FAO (2010) India,i@) Thailand, Mexico, Pakistan, Brazil,
Philippines, Indonesia, Nigeria and Vietnam areléaeling producing countries. In fact, these
ten countries cover 85% of the entire world proauc{Gunjate, 2009) but India accounts for
55% of the total mangoes produced worldwide (Na@dd Naidu, 2009). However, new man-
go plantings occurred mainly in China, Brazil, tRbkilippines and Vietham (Sauco, 2004).
Mango is one of the most important tropical frwitsrldwide in terms of production and con-
sumer acceptance (FAO, 2010). The fruit, morphailty classified as drupe, is th& Fost
important fruit crop in the world (after citrus,agres, bananas and apples). Demand for man-
goes is presently rising in developed countriesydwer, the vast majority of mango is sold in
local markets and consumed domestically (Santd3@))2 The mango tree is not solely used
for fruit production; it also yields wood, foraged has several medicinal uses in eastern Asia
(Kostermans and Bompard, 1993). The fruit has & Imigtritional value and represents an
important source for Vitamins A and C as well asgotassium and 3-carotene (Ribestal,

2008). Due to its availability at affordable prit¢ke fruit is important part of the human diet




even economically weaker part of the society. ThiBcates its importance as carotene-rich
nutritive source of Vitamin A in most developingpical and subtropical countries (English
and Badcock, 1998).

1.1.2 Mango in Vietnam

In Vietham mangos are grown mainly for nationalstanption. From 1998 to 2008, Vietnam
increased mango production from 18.0500 t to 371Mt0MIith an average yield of about 7 t/ha
in 2008 (FAO, 2010). In the period 2001 to 2006 tluincreasing demand, planted fruit area
grew averagely 5% per annum, reaching more tharD@@4ha in 2006 (IFPRI, 2001). Fruit
trees were mostly planted in the Mekong Delta,Nbetheast and the Southeast region. In the
year 2010, the target is to achieve one milliontdmes of orchards (Khoi and Tri, 2003).
Mango is one of the most important subtropicaltfarops of Vietnam after longan, litchi,
rambutan, citrus which account of 73% of the aldaatpd with fruit crops in Vietnam (IFPRI,
2001). In Vietham mangoes have been traditionalijivated in the central and southern
parts of Vietham. Main production areas are Dong(2a.000 ha), BaRia—VT (8300 ha),
Dong Thap (8.000 ha) and Tien Giang (5.000 ha) (FA@4). Until the mid 1990s the Me-
kong Delta with its 13 provinces, accounted forrdvalf of the total fruit area in the country.
However, since 1995 the fruit area continues tcaagpess rapidly than in other regions, so
its share of the national total has fallen to 38FPRI, 2001). In contrast, fruit production
areas in the Northern part have grown about 28PBich reflects the growing local demand
for fruit in Hanoi and bordering Chinese provingeghe North. According to AGROINFO
(2008) the average retail price of fresh mango masge than 18,500 VND/kg in 2008, thus
increased by 21% compared to 2006.

‘Xoai’ is the Viethamese term for mango. It is @retry to use in front of mango cultivars in
Vietnam. The major cultivars predominately growntlre South are ‘Xoai Cat Hoa Loc’,

‘Xoai Cat Chu’, ‘Xoai Hon’ and ‘Xoai Buoi’ (FAO, 204). The most widespread mango vari-
eties are the ‘Cat Hoa Loc’ and the ‘Buoi’ varietith around 30 % and 27 % of producers,
respectively (IFPRI, 2001).

Mango is typically not commercially grown in NortheVietnam and, due to traditional ex-

tensive cultivation and lack of experience in moaderchard management practices, tree




productivity is generally low. However, with incsssd security of land tenure and grower
training seminars by governmental institutions (Rigo2007), production areas have increas-
ingly expanded to previously less commercially deped fields of the provinces such as Ha
Giang, Lai Chau and Son La. In the later provin@ngo production occurs in particular in
the districts Mai Son, Phu Yen, Song Ma and YenuGhstrict (Fig. 1).
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Figure 1. Mango production areas by provinces in South and North Vietnam. In (A)
area and (B) yield of mango plantations in Son La are shown by provinces and dis-
tricts.

Mango has a long history of cultivation in Son lraypnce and ranks behind plum and longan
at 3° position in terms of planted area with 200% inseghyield performance between 1993
and 2006 (Yen Chau, 2008). The local cultivars 'Hdid ‘Tron’ are widely planted by farm-




ers of different ethnic minorities in Yen Chau. Wore than 500 ha, Yen Chau district sup-
plies annually approximately 800 to 1000 t of mangdocal markets (Huong, 2010). Thus,
there is a rapid transition from local to natiomearket-orientated production, due to the good
taste and aroma of the fruit.

Neverthelessmango growers are afflicted with severe yield ldge to premature fruit drop
following fruitlet abscission as natural processaiibhas been described for various mango
cultivars (Guzman-Estrada, 1996). Premature fagpdan be caused by several factors, like
for example lack of pollination or embryonic deget®n (Beyschlaget al, 1992; Lovatt,
1997; Nunez-Elisea and Davenport, 1983; Singh, 1997gh, 1961; Treharnet al, 1985;
Yuan and Huang, 1988). Moreover, mango crop loathen previous season (Mukherjee,
1953; Pandey, 1989), pest and disease pressurez(A@00; Estradat al, 2000; Penat al,
1998; Vergheset al, 2005) and carbohydrate deficiency for fruit growBurondkaret al,
2000; Chackeet al, 1995) have also been linked to premature frusicesion. In addition,
unfavourable weather conditions combined with densified by genetic predisposition or
insufficient fertilization may also be crucial facs in premature fruit drop in mango (Chacko
et al, 1970; Lakshminarayana and Aguilar, 1975; Sukhwvibual, 2005).

Mango production in Northern Vietnam is typicalljactacterised by adequate air tempera-
ture, low humidity (FAO, 2004) and well-defined jels of drought at pre-flowering time
(Phan, 2005). Low temperatures during anthesis haes shown to reduce the number of
hermaphrodite flowers in mango (Sukhvitatlal, 1999a; Sukhvibuét al, 1999b). This was
suggested earlier by Issarakraisila and Considif84), demonstrating that air temperatures
below a critical threshold of 10°C during anthesisat an early stage of fruit development
(Whiley et al, 1988) might prevent fertilization or ovule devahoent. Additionally, accord-
ing to Nunez Elisea and Davenport (1983), highewpteratures throughout anthesis and early
fruit set leads to embryo abortion. This is conéidrby observations of reduced pollen viabil-
ity, thus low fruit set, within periods of high t@erature during the critical period of flower-
ing (Issarakraisila and Considine, 1994). Heat @aged with hot, dry winds also has detri-
mental effects on pollination and fruit set in aado (Wolstenholme, 2002). Moreover hot
dry winds in Western Australia negatively affeatifrset in mango (Johnson and Parr, 1999),
which might be accelerated by periods of waterailficy. Although several studies indicate

that irrigation increases yields in subtropical rgveen fruit trees (Koo, 1979; Lahav and




Kalmar, 1977, 1983), there are conflicting repa@bout the need for irrigation in mango.
However, the degree of fruit drop and final frietention are mainly dependent on variety,
although water and nutritional stress generallygases fruit drop. The intensity of abscission
of premature mango fruit varies considerably wité tlevelopmental stage of the fruit. Sever-
al studies indicated that, depending on cultivaostrof the fruit drop occurred at around 7
(Lam et al, 1985), 28 (Nunez-Elisea and Davenport, 1983)50t0250 days after full bloom
(Guzman-Estrada, 1996), respectively. Fruit retenseems to depend on plant signals sent
from the fruit to the tree and thereby suppressiregactivation of the abscission zone and the
ability of the fruit to compete for carbohydratésy(sti et al, 2002). The present study was
carried out to investigate premature fruit dropr@ngo in Northern Vietnam. Environmental
cues such as unfavourable weather conditions dwanmty fruit set, are suggested to be the

key factors for premature abscission.

1.2 Fruit abscission in Mango
1.2.1 Pollination and Fertilisation

The understanding of mango flowering in the tro@osl subtropics is essential to efficiently
utilize crop management systems which extend Wegtilowering and crop production season
(Chacko, 1991; Whilewt al, 1991). Flowering and fruit set are the most caitievents after
establishing a tree crop. In nature, mango treedyme large numbers of flowers of which
only a small proportion set fruit. There are twéfatent kinds of flowers; male, which have
one or more stamens and staminodes and a compé#dielyive or reduced pistil, and her-
maphrodite flowers with one or more fertile stamans functional female organs (Koster-
mans and Bompard, 1993). Only perfect (hermaphebfldwers are able to set fruit, howev-
er, the number of perfect flowers per infloreseenaries between cultivars or is variable
from year to year, depending on the location ofitiflerescence in the tree (Singh and Arora,
1965; Singh, 1954; Singh, 2005). Mango flowerssanall, 5-10 mm in diameter, and accord-
ing to Mukherjee (1953) both male and hermaphrofiiteers offer nectar and pollen. De-
pending on the cultivar, fertilization occurs wittd8 to 72 h after pollination (Davenport and
Nunez-Elisea, 1997; Singh, 1997). However, a swfakfuit set is dependent on the use of
selective pollinizers (Rarat al, 1976) and pollen viability has been considerede@ major




factor limiting yields in mango (Davenport and Naftelisea, 1997). Cross-pollination in-
creased fruit set and retention in most cases (SiBG05) because self-incompatibility has
been reported for several mango cultivars, howessss-incompatibility between certain
cultivars was also described (Ranal., 1976). According to Singh (2005) mango flowers
are generally pollinated by insects, predominahbttydiptera (Andersomt al, 1982; Singh,
1997). The efficiency of pollination and fertiliman defines fruit set in mango; however,
environmental cues, particularly air temperatuteyrgly determines timing and intensity of

flowering and fruit set, and later on influencastfet abscission.

1.2.2 Airtemperature

Mango trees are adapted to a wide range of subtaiband tropical climatic and edaphic con-
ditions (Schaffeet al, 1994); however, favourable weather conditionscaveial for flower-
ing and fruit retention (Chacket al., 1970; Lakshminarayana and Aguilar, 1975; Sukhvibul
et al.,2005). In particular, temperature extremes arwhgtwvinds during pollination and fruit
set, are known to negatively affect the crop. L@mperatures during anthesis have been
shown to reduce particularly the number of hermagite flowers in mango (Sukhvibeit

al., 1999a; Sukhvibuét al., 1999b) which was suggested earlier by Issarakaagsid Con-
sidine (1994). It was demonstrated that air tentpega below a critical threshold of 10°C
during anthesis or at an early stage of fruit degwedent might prevent fertilization or ovule
development (Whileyet al., 1988). Additionally, according to Nunez Elisea @davenport
(1983), high temperatures throughout anthesis anky &uit set leads to embryo abortion.
This was confirmed by observations of reduced poli@bility, within periods of higher tem-
perature during the critical period of floweringgarakraisila and Considine, 1994). Fruit that
set during periods of high temperature did not thgvéo maturity compared to those set dur-
ing lower temperature periods (Chacko, 1984). kocado it was shown that heat associated
with dry winds has detrimental effects on pollinatiand fruit set (Wolstenholme, 2002). For
mango grown in Western Australia hot, dry winds ategly affect fruit set (Johnson and
Parr, 1999), which might be accelerated by permfdsater deficiency. Temperatures above
30°C increases vegetative growth in some tropicdlsubtropical trees including mango (Hi-
guchi et al, 1999; Menzel and Simpson, 1986; Whiketyal, 1989). Optimum temperature
range for the growth of mango trees has been meghad be between 24°C and 30°C




(Mukherjee, 1953; Whilewt al., 1989). The significance of tree water status fowéring,
thus fruit set, and possible interactions with temagure is not known (Pongsomboenal,
1997). In tropical climates flowering is more lilggdroblematic, where the dry period appears
to be the main flowering trigger, compared to soitts, where winter cold is the main envi-
ronmental cue (Schaffet al.,1994).

1.2.3 Water relations

Typical mango environments in the tropics and syfits indicate extreme water deficits due
to prolonged periods of droughts. Generally, plamts laticifers or resin ducts are adapted
to drought by modulating the water status of tteplthus reducing the loss of water by tran-
spiration (Downton, 1981; Kallarackaet al, 1990). The differentiation, structure and distri-
bution of resin ducts in trunks, shoots, leaves fanidl exocarp of mango have been reported
to be in close association with the vascular tigdoel, 1980, 1981; Joel and Fahn, 1980). The
mango tree can withstand considerable periods tdrvgtress and is considered to be drought
tolerant, however, during the reproductive phaseghaer amount of water supports fruit set
and fruit retention (Whiley and Schaffer, 1997)thdlugh several studies indicate that irriga-
tion increases yields in subtropical evergreert trees there are conflicting reports about the
need for irrigation in mango (Koo, 1979; Lahav &amar, 1977, 1983; Naglet al, 2010).

It was also described that a water deficit at poesring time might enhance flowering inten-
sity, however, detrimental effects at the stagéafering, pollination and fruit set were ob-
served (Chacko, 1984; Gonzaletzal, 2004; Luet al, 2000). It was reported that fruit ab-
scission on trees under severe drought stress neseed (Schaffest al., 1994). Fruit drop

in mango at an early developmental stage is adedcwith low soil moisture and excessive
loss can be prevented by adequate irrigation, quaatily during flowering and the first six
weeks after fruit set (Larsoet al, 1989; Spreeet al, 2007). Irrigation also can increase in-
dividual fruit size and overall yield as describleg Spreeret al., (2007) and Whiley and
Schaffer (1997). However, mango orchards in Northé&etnam generally are not irrigated
properly (Gunjate, 2009), especially during thdical time of flowering and early fruit de-

velopment, which takes place during the hot andseégson.




1.2.4 Hormonal regulation

Hormonal regulation of fruit abscission has beeseobed in many fruit crops (Addicott,
1968; Robertst al, 2002) and endogenous hormones play a major mofeuit growth and
fruit drop in mango (Chatthat al, 1999). Generally, they function at relatively Igpm-
concentrations in fruits to regulate the formateod activation of the abscission zone within
the separation layer (Singdt al, 2005). Like in other fruit crops, fruit abscissimm mango is
regulated by a complex interaction of phytohormonésich protect the abscission zones or
induct the separation process. The efficiency afous phytohormones and their synthetic
analogs, called plant growth regulators (PGR) lierdontrol of fruit drop in mango have been
conducted in several studies (Chen, 1983; Notodm&D00; Oosthuyse, 1995; Raghal,
1983).

1. Auxin The major common auxin in plants is indole-3-acatid (IAA). IAA is one of the
principal hormones that control plant growth andedepment. All natural auxins are found in
plants either as free acids and/or in conjugatech$o IAA is synthesized from tryptophan or
indole primarily in leaf primordia, young leavesdaim developing seeds (Davies, 2004). In
combination with other hormones, auxins are invélirethe development of vascular tissue
and regulation of plant growth primarily throughhtml| of cell division and elongation. (Abel
and Theologies, 1996). Additionally, the hormoneiglved in abscission process mainly by
facilitating the separation of organs from plar@si§orne, 1979; Sexton and Roberts, 1982).
IAA is transported basipetally from cell to cell imig in the vascular system in specialized
phloem parenchyma cells which are in contact walcular bundles (Ross, 1998). Higher
fruit drop intensity is generally associated wigripds of lower auxin concentration in mango
fruits (Singh, 2005). Thus, continuous auxin sysihend basipetal transport to the abscis-
sion zone is critical for maintenance of plant egjaincluding the fruit (Davenpost al,
1980; Roberts and Osborne, 1981). Activation ofabscission zones (AZ) of leaves, flowers
and fruit appear to be governed by the interaatibauxin and ethylene (Gonzalez-Carranza
et al, 1998). The synthetic auxins which have been mafisttive in reducing mango fruit
drop are naphthaleneacetic acid (NAA) and 2,4-dicdghenoxyacetic acid (2,4-D). Togeth-
er with auxins, cytokinins is another group of plaarmones which regulate cell division and

cell expansion.




2. Cytokinins Cytokinins (CKs) are adenine derivates represkbie kinetin, zeatin and 6-
benzylaminopurine. The most common cytokinin imngdais zeatin (Davies, 2004). The ma-
jority of adenine-type cytokinins are synthesizedhe roots tips, cambium and developing
seeds (Davies, 2004). CKs are a class of plant twoesthat promote cell division in plant
roots and shoots. They are primarily involved it geowth and differentiation; however also
affect apical dominance, auxillary buds growth, éeaf senescence. CKs transport is via the
xylem from roots to shoots. CKs play an importasié rin inducing fruit set of several plants
(Letham, 1967; Skoog and Armstrong, 1970). Alsaniango, cytokinins play a key role in
cell division and cell enlargement and have beemdan both pericarp and seed, respectively
(Ramet al., 1983; Singh, 2005). Low cytokinin concentrationsdeveloping mango fruits
have been correlated with fruit drop and cessatioinuit growth (Ram, 1983). The applica-
tion of synthetic cytokinin has also demonstratagrioved fruit set and retention, suggesting
that cytokinins play a role in establishing relatywhigh crop loads. Particularly post-bloom
treatments with CPPU plus gibberellins (At early stages of fruit growth promoted fruit
set (Chen, 1983; Oosthuyse, 1995). Cytokinin isiireq for fruit development and retention,
however, the role of cytokinin in abscission gtlinains inconclusive (Davenport and Nunez-
Elisea, 1997).

3. Gibberellins Gibberellic acid (GAs) are a family of compountdased on theent
gibberelline structure. GAwas the first gibberellin to be structurally chaesized. There a
currently over 126 members identified and charadr from plants, fungus and bacteria
(MacMillan, 2001). Biosynthesis of GAs takes platseeds, young leaves, young shoots and
also in roots and is probably transported in xykemd phloem to the target organs. In mango,
major endogenous GAs have been reported in apichd, beaves and vegetative shoots (Dav-
enportet al, 2001). Beside from being involved in growth arevelopment of fruit, the di-
rect role of GAs to the onset of abscission is gubiis (Chacket al.,1970; Davenport and
Nunez-Elisea, 1997; Ram, 1983). Several classpkant growth retardants have been charac-
terized to interfere with early and late gibberehliiosynthetic pathway (Rademacher, 2000)
and have been therefore investigated to improvié fietention in mango. However, the effi-
cacy of exogenously applied G£o pre- and post-anthesis inflorescences to emhfroit set

and retention have been inconclusive (Oosthuys#5;18inghet al.,2005).




1.2.5 Carbohydrate deficiency

In fruit trees a reduced carbohydrate availabiiitye to heavy and prolonged flowering, sub-
sequently limits nutrition to satisfy the demand famt set and development (Goldschmidt,
1999; Whileyet al, 1996). Consequently, abscission of flowers anddrat an early stage of
development adjust fruit number to the capacitycafbohydrate supply which the tree can
provide (Agustiet al, 1982; Gomez-Cadenat al, 2000). In mango, carbohydrate storage
capacity is one of the important factors that detee the number of fruit that the tree can
nurture to maturity (Daviet al, 2000; Normancet al, 2009). However, competition for nu-
trient resources is also a factor for prematuré &hiscission (Stephenson, 1981; Stephenson
and Gallagher, 1986). Internal competition betweegetative growth, flowers and fruit have
been proposed as a controlling factor in flower &t abscission (Kozlowski, 1992). In
mango, the availability and distribution of photo#hates during fruit set and development
was suggested (Davenport and Nunez-Elisea, 199@)a®f the reasons for fruit abscission
and this is also reported for other fruit crops;tsas apple (Beriter and Droz, 1991; Stopar,
1998).

1.3 Abscission zone
1.3.1  Morphology

Abscission of plant organs occur at predeterminesitipns called abscission zones (AZs)
(Gonzalez-Carranzet al.,1998; Sexton and Roberts, 1982; Taylor and White001) and

previous microscopic studies of fruit AZs in sevdrait crop species indicated, that cells
affected by the separation process are morpholibgidestinguishable prior to abscission
from neighboring cells (Pandita and Jindal, 199asdtoet al, 1985; Stosseet al, 1969a).

In mango, the pedicel AZ exist from flowering stagefruit maturity (Singh, 1961) and can
often be ascertained externally as a thin circglamove at the pedicel close to fruit base
(Baird and Webster, 1979; Barnell, 1939; Singh,1)9&dventitious zones are defined as
functional abscission zones (Addicott, 1982), aadehbeen shown to form in stem, petiole,

pedicel or phyllomorph tissue (Robeetisal, 2000).
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The terms “abscission zone” and “abscission lagee’used in accordance with the definition
of Shiraishi and Yanagisawa (1988) and Gawadi axdryA(1950). Generally, “abscission
zone” refers to the tissue region through which “gidescission layer” forms. The term “ab-
scission layer” refers to one or two cell layemotlgh which mechanical break occurs. “Ab-
scission layer” and “separation layer” are synonymterms (Robertst al.,2000; Taylor and
Whitelaw, 2001); however, in this study “separati@yer” is used.

The numbers of cell rows that comprise the AZ varkedly with species, plant organ and
the site of cell separation (Sexton and Robert8219Abscission zone in leaves e.g. of
Phaseolusr Oleahave 10 to 12 cell rows arfghmbucus nigréaave 20 to 30 cell rows (Os-
borne and Sargent, 1976), whilst AZ of tomato floweay consist of 5-10 rows of cells
(Robertset al, 1984). In peach AZ consists of two rows of céBsnghi et al, 2000) whilst
Rascio et al,.(1985) indicated several rows of cells. Accordiogingh (1961) the AZ in the
mango pedicel has 8 to 10 cell rows. The AZ of nfiast crops, including mango, have sub-
tle characteristics that allow the general regmibé distinguished before onset of abscission
(Baird and Webster, 1979; Beriter and Droz, 19%sdiet al.,1985; Stosseet al, 1969b).
Typically, cells of the AZ are small, square-shgpadsely packed and with enlarged nuclei
and mitochondria and dense cytoplasm (Cestal, 2006; Hendersoet al, 2001; Osborne
and Sargent, 1976; Sexton and Roberts, 1982), ahaascular fibers are unusually small or
absent (Baird and Webster, 1979). However, SingéX}X reported of elliptical cells, rich of
cytoplasm and arranged in irregular rows in the d&2nango which widens with the devel-
opment of the fruit. Moreover, the cells within tAZ of several plant species accumulate
starch (Brown and Addicott, 1950; Gillilared al, 1976; Shiraishi and Yanagisawa, 1988).

1.3.2 Abscission process

Abscission of premature fruits in mango is a ndtarachanism (Lamet al., 1985; Singh,
1960) which is particularly high (90% fruit shedgjrduring the first 3 to 4 weeks after polli-
nation (Nunez-Elisea and Davenport, 1986; Singlb0L9ruit drop might be caused by sev-
eral factors, such as nutrient deficiency, distndes in embryogensis and/or embryo abor-
tion, sink competition between fruits, and abiaid biotic stressors (Chadha, 1993). Gener-

ally, the cell separation process does not invtieeentire AZ. The cells within the AZ that
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are involved in the abscission process by rapidaetadn in cell integrity (Sexton and Roberts,
1982) have been identified as separation layer i@udg 1982; Robertst al., 2000; Sexton,
1994). In mango, just the separation layer is noeetil to initiate fruit drop without precise
information on how many cell rows are involved (MarElisea and Davenport, 1986); how-
ever, in cherry fruit and leaflet of olive 2 to @pitudinally rows of cells define the fracture
line (Polito and Lavee, 1980; Stosseial.,1969a).

1.3.3 Role of phytohormones and assimilates

The activation of the separation layer involvesesamechanisms in physiological response
to such as e.g. auxin (Addicott, 1970). The redunctf the basipedal IAA transport results in
the abscission of the organ e.g. fruit and leain¢igath, 1989), which may be mediated by
low assimilate allocation to the fruit, which wamihd in several fruit tree speci@sgusti et
al., 2002; Bertter and Droz, 1991; Patrick, 1979; Stop898; Wertheim, 2000). Els al.,
(2004) assumed that increased basipetal auxinpoainat periods of rapid cell expansion
might promote translocation of assimilates into th&t during extensive growth phases
(Blanusa et al., 2005). Indeed, this has been sitely studied in apple (Beruter and Droz,
1991), pistacchio (Nzimat al, 1999), cherry (Atkinsoet al, 2002) and orange (Rué al,
2001), however, starch content in the AZ of theigads contradictorily discussed (Baird and
Webster, 1979; Bornmaet al, 1966; Shiraishi and Yanagisawa, 1988).
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1.4 Working hypothesis

The research focus is aimed at determining thet pleotesses which respond sensitively to
specific environmental and/or crop management faciad consequently lead to fruit abscis-
sion. The basic working hypothesis is that prensafauit drop is caused by environmental
stimuli like excessive air temperature and vapaesgure deficit (VPD) conditions which in

turn result in a reduced basipetal auxin expomnffouit and trigger the activation of the ab-

scission layer in the pedicel.
The research objectives were:

1. To determine several environmental cues which iadbe abscission process; particu-
larly the hot, dry prevailing winds which occurthé beginning of fruit set in mango.

2. To examine the effect of irrigation and varying PGBtay applications, to evaluate

their potential for controlling premature fruit gro

3. To determine time-dependent diffusible IAA-expaarh fruits of irrigated and non-

irrigated mango trees as a likely plant mechanrswolived in fruit abscission.

4. To understand the morphological changes withinath&cission zone during the fruit

drop process.

The research activities were integrated in an matgonal research cooperatiosdnder-
forschungsbereich 564" (DFG) entitled"Sustainable land use and rural development in

mountainous regions of Southeast Adiatween Vietham and Germany.
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2. Material and Methods

2.1 Plant material and experimental design

This study was carried out on a maniatgifera indicalL.) plantation in the Tu Nang com-
mune at Yen Chau (20°56'10.66 N, 104°28'13.12 HEyden mid-February and the end of
May for the three consecutive growing seasons 200 to 2009. The soil was classified as
Lixisol (FAO, 2006). The experimental design coteisof 40 randomly selected seedling
mango trees, 20 trees each of cvs. 'H6iI' and "Tpiemted at an average distance of 10 x 10
m. Half of the selected mango trees of each cultivare irrigated, the other half served as
non-irrigated controls. The trees were regularlyngd and fertilized according to commercial
practice. Pruning was carried out 3 months aftevds, just prior to the onset of the new
vegetative flush. Fungal diseases were controlieddraying biweekly Difenoconazole (75
ml 100 ') and Propineb (0.1 kg 108)lthroughout flowering and early fruit growth stage
The insect control from the ‘pinhead’ stage onwak@s carried out by spraying Profenofos
(125 ml 100 1) and Lambda-cyhalothrin (50 ml 108)I Full bloom was recorded on Febru-
ary 15, 2007, March 28, 2008, and February 6, 2088yectively. Each year, 10 inflores-
cences per tree were labeled at full bloom. Nunobérits within each labeled inflorescence
was counted twice per week until the end of théd fitop period at 20, 30 and 43 days prior
to harvest in 2007, 2008 and 2009, respectively.

2.2 Experimental treatments
2.2.1 lrrigation

An irrigation system was set up at the end of 2808 started at the onset of flowering in
2007 56 days before flowering in 2008 and 37 dasfere flowering in 2009, respectively.
The irrigation was discontinued after final frugtsFor the study year in 2007, soil moisture
profile data was available starting from 25 da#sprectively. Crop water requirement was
calculated based on the Penman-Monteith equatiarsing the CROPWAT computer model
(Allen et al, 1998). The calculations assumed a crop coefti¢lar) of 0.8 for mango (Spreer
et al.,2007) Average evapotranspiration (gTor 2007 was based on climatic data obtained
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from FAO for Northern Vietnam, whereas for 2008 &9 it was derived from the data
obtained from the weather station. The irrigatigatem consisted of a spring and rain water
fed water tank and two main tubes (16 mm diaméetafilm, Israel) from the tank to the
experimental site. Micro-sprinklers (Gyro Net LR01®.15 MPa, Netafilm, Israel) were in-
serted to 6.5 mm diameter irrigation tubes (Netafilsrael) and those were connected to the
main tubes and placed at 30 cm distance to thdrraks. Irrigation was performed at 3-day-
intervals for 45 minutes with a nominal rate ofl98%, respectively. The amount of rainwater
was measured, but was not considered for the iiloigananagement. Soil moisture at a depth
of 10, 20, 30 and 40 cm, respectively, was measatetiday-intervals throughout the fruit
drop period in all experimental years by using afifg probe (PR2, Delta-t Devices Ltd,
Cambridge; UK) at a distance of 50 cm to the treak for 5 representative trees per treat-
ment. The profile probe was connected to a hand-tata-logging device (Moisture meter
HH2, Delta-t Devices Ltd, Cambridge; UK).

2.2.2 Plant growth regulators

For plant growth regulator spray application triakrees of each cultivar in 2008 and of each
cultivar 6 trees in 2009 were used. The PGR exparinn 2008 was performed in the same
orchard as the irrigation experiment; however, R@&R experiment in 2009 as the orchard
used for the irrigation experiment was carriediow neighbouring mango orchard with simi-
lar exposure and soil features. All trees were eduand fertilized according to commercial
practice. Plant protection against fungal diseas@kpest injuries were conducted according

to Huong (2004). The applications comprised follogvireatments to non-irrigated trees:
(1) CPPU 10 ppm

(2) CPPU 10 ppm + GA40 ppm

(3) CPPU 10 ppm + GA7 40 ppm

(4) NAA 40 ppm + Etalfix® Pro 5 ppm

(5) Combi | (1) + (2) + (4)

(6) Combi 11 (1) + (3) + (4)

(7) Control (distilled water + Etalfix® Pro 5 ppm).
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The concentrations were as follows:

CPPU (Sitofex® 10 EC; AlzChem) 10 ppm equal to I mH-0
GA; (ProGibb® 40; Valent) 40 ppm equal to 0MigH,0
GA4+7 (ProVide® 10 SG, Valent) 40 ppm equal to 0*4gH,0

NAA (Rhodofix®; Syngenta) 40 ppm equal to 0:4gH,0

Application dates were in 2008 for CPPU at April12 dafb), GA at April 11 (14 dafb) and
NAA at April 17 (20 dafb). In experimental year Z)@&pplications were conducted for CPPU
at February 13 (7 dafb), GA at February 25 (19 dafidl NAA at March 4 (26 dafb), respec-
tively. In both years, applications of PGR dateseandetermined by semi-weekly fruit meas-
urements. The chemicals were applied predawn ddedreased air temperature and duration
of effect to selected inflorescences at flower apdcific fruit size stages (Table 1) until run
off using a pressure-compensated hand sprayeri&sbyp 133, 1L/0.3 MPa, Witten, Ger-
many). The pH of both gibberellin solutions wasueetl by citric acid to a range between 4

and 5.5 pH. As wetting agent for NAA applicatiorpsp Etalfix® Pro (Syngenta) were used.

Table 1: Single and combined PGR applications in regard to specific fruit size stag-
es.

Fruit stage Fruit size (cm) | PGR application | Days after full bloom (dafb)
,Pin-head’-stage <0.4cm (1), (5), (6) 12 dafb, 7 dafb
,Pea’-stage 0.4t00.8cm | (2), (3), (5), (6) 14 dafb, 19 dafb
,Marble‘-stage 1.5t02cm (4), (5), (6) 20 dafb, 26 dafb
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2.3 Measurements
2.3.1 Environmental conditions

Ambient air temperature and relative humidity witline centre of the tree canopy were rec-
orded with one micro-loggers (HOBO Onset, Pro v8A)in each of six irrigated and non-
irrigated trees, respectively. The logger outputsenmogged at 10-min intervals from full
bloom until the end of the main fruit drop peridd.addition, an automated weather station
(Delta-T Devices Ltd. Cambridge, UK) was set uphimtthe orchard for recording wind
speed (A100L2), wind direction (W200P/L), pluvialepipitation (ARG100), global (total)
and diffuse photosynthetietive radiation (PAR) and sunshine duration (BF3). Additionally,
long-term records of air temperature and relativenidlity from 1998 to 2009 for the months
of the flowering and fruit drop period could be abed from a weather station, based at Yen
Chau, located 30 km from the study site. For deitgation of vapour pressure deficit (VPD)
air temperature and relative humidity (RH), recortdy the HOBO loggers, were used to cal-
culate the vapour pressure deficit according toetipgations by Prenger and Ling (2000) and
Snyder and Paw (2002).

(1) VPD= VR;:- VPa
with:

_ A(AIT+B+CT+DT2+ET3+FInT)

(2) vpsat = €

where A = -1.044x1) B = -1.129x16, C = -2.702x13, D = 1.289x10, E = -2.478x10 and
F = 6.456 are constants, and T is air temperatufe(fR) = T (°F) + 459.67

and

(3) Vpair = Vpsat* rh/100
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2.3.2 Soil moisture

Volumetric soil moisture content was measured uslietectric sensors (Theta Probe ML2x)
at 10 and 20 cm soil depths at 30 cm distance toitigated and two non-irrigated trees,
respectively. The output of each sensor was redoatld-min intervals and averaged over 30
min with a datalogger (Delta-T logger DL2e, Cambad UK). Manual soil moisture at a
depth of 10, 20, 30 and 40 cm, respectively, waasmed at 7-day-intervals throughout the
fruit drop period in all experimental years by usenprofile probe (PR2, Delta-t Devices Ltd,
Cambridge; UK) at a distance of 50 cm to the treak for 5 representative trees per treat-
ment. The profile probe was connected to a hand-tata-logging device (Moisture meter
HH2, Delta-t Devices Ltd, Cambridge; UK).

2.3.3  Fruit temperature

The surface temperature of 5 randomly selected fvas measured on all treatment trees be-
tween 12 am to 2 pm at weekly intervals from fulbdm until final fruit set by using a

handheld infrared thermometer (Trotec TP6, Heirggb®ermany).

2.3.4 Pedicel morphology

Fruit pedicels samples were cut longitudinally amthmed with a razor blade to fit standard
embedding moulds (1.5 x 1 cm). Samples were delsdlia an ascending ethanol series (70
% for 2h, 90 % 3h, 96 % 3h and 96% overnight) dmhtby vacuum-infiltrated with glycol
methacrylate (GMA) and methyl methacrylate (MMAheTembedding procedure was per-
formed according to the methods described by Ruddéb67) and Hermanns and Schulz
(1981). Sections of Am thicknesses were sliced using a rotation micret¢2950 Supercut,
Reichert-Jung, Heidelberg, Germany) and placed digklled water (stretching of sections)
on glass microscope slides. The water was evambedté4.5 °C by a heating plate (Medax,
Nagel GmbH Kiel, Germany) and slides were storec idrying stove (Memmert GmbH
Schwabach, Germany) at 41 °C. Afterwards, tisseémses were stained with haematoxylin
for 30 min, rinsed with distilled water for 15 mamd dried overnight at 35 °C. Sections were
then immersed in xylene for two minutes and mount&ti Eukitt (Kindler GmbH & Co.

Freiburg, Germany). From total amount of 320 saspéspectively, 160 fruit pedicels were

18



analyzed microscopically (Zeiss Axioskop, Germaapd micrographs were taken (Zeiss
AxioCam HRc, Germany; software: Axiovision 3.1).e8pmens were evaluated for pedicel
thickness at the AZ, AZ length and AZ area, respebt by image analysis software Analy-
SIS 3.2 (Soft Imaging System GmbH Mdinster, GermaRgndomly, 100 cells in the AZ

were evaluated for amount of starch grains and tifjyamas ranged in groups from O up to
10-12 starch grains per cell.

2.3.5 Plant hormones

To investigate IAA export of fruits of irrigated @mon-irrigated mango trees, fruits were col-
lected at weekly intervals from 18 to 60 dafb i®&@nd from 20 to 48 dafb for 2009, respec-
tively. The fruits were placed with their stalkanthe cavities of 24-well tissue culture plates
(Greiner Bio-one, Germany), each cavity contairBngl phosphate buffer (0.05 M, pH 6.2).
Assembled plates were incubated approximately dosE00% RH in darkness at approxi-
mately 20°C for 20 h. Individual fruit weights wenecorded and diffusates were immediately
frozen and kept at -20°C until further analysisr A purification, frozen buffer solutions
were gently melted, adjusted to pH 3 with acetid &€lAc) and individually passed through
previously activated Sep-PakdZartridges (Waters, Germany). The cartridges wiersed
with 2 x 4 ml 0.01 M HAc, followed by 4ml 15% adiigid methyl alcohol (MeOH) (0.01 M
HAc). IAA fractions were eluted with 4 ml 40% adidd MeOH and aliquots of each sample
were dried under vacuum, methylated with diazonrethe@nd analysed in triplicates by Ra-

dio-Immuno-Assay (RIA) using polyclonal antibod{@ohner and Bangerth, 1988).

2.4 Statistical analysis

Treatment effects on microclimatic soil and treeagy parameters were evaluated by analy-
sis of variance (ANOVA, P=0.05) using GenStat'{&8lition, Rothamsted, UK). Endogenous
hormone concentrations were determined in 2 biokigieplications (4 fruits each) in 2008
and 12 biological replications (4 fruits each) peatment and per sampling time, respective-
ly. The effect irrigation treatments on IAA expevas statistically evaluated by analyses of
variance (ANOVA), P=0.05 using GenStat™@dition (Rothamsted, UK) to determine main

treatment effects.
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3. Results

3.1 Premature fruit drop induced by climatic factors

Premature fruit drop patternin 2007 irrigation had no effect on final numlsrfruit per
inflorescence; however, fruit drop intensity wagngicantly different at most observation
dates between the cultivars ‘H6i’ and “Tron’ (FBA). The cultivar ‘Tron’ with averagely 24
fruits per inflorescence had a higher fruit set ipiorescence compared to ‘Hoi'. In general,
fruit abscised substantially from full bloom (15dfeary) until ‘pinhead’ to ‘pea-size’ stage at
about 18 days after full bloom (dafb). ‘Tron’ alssxl approximately 70% of all fruits be-
tween 11 dafb and 18 dafb, while ‘Hoi’ in the sapggiod, shed only 30%, followed by less
intensive fruit drop for both cultivars until fruieached marble-size at the end of March (46
dafb). Thereatfter, fruit retention was relativetgtde until harvest in mid May. At the end of
the fruit drop period (53 dafb) ‘H6i’ retained aagely threefold more fruits per inflorescence
(0.6) than ‘Tron’ (0.2) (Fig. 2A).

The season 2008 was characterized by a delayeerilogvperiod (end of March) compared
to flowering period normally occurring in early toid February. Both cultivars reached full
bloom at the same time. However, while flowering fd6i’ continued from 4 dafb to 11
dafb, weekly fruit counts revealed that ‘Tron’ 8hed fruit set at 4 dafb respectively and
started shedding (Fig. 2B). Generally, fruit absios commenced at ‘pinhead-size’ for both
cultivars. Unlike in 2007, irrigation reduced thaeansity of fruit drop significantly in both
cultivars. Crop load of non-irrigated ‘Tron’ treess reduced by about 75% at 39 dafb (0.4
fruits per inflorescence) whereas averagely 2drpér inflorescences were retained in irrigat-
ed trees. At harvest at the end of June (83 dafbrom’ and 90 dafb in ‘HGP’), irrigated trees
of both cultivars had higher fruit retention witt6fruits for ‘H6i" and 1.1 fruits for ‘Tron’
per inflorescence compared to non-irrigated treigls @3 ‘HO6I" fruit and 0.1 “Tron’ fruit per

inflorescence, respectively.

Full bloom in 2009 was at February 6, 9 days eaa$ein 2007 and 59 days earlier as in 2008.
The fruit drop period in 2009 was relatively shdr¢ing completed within 6 weeks after full
bloom (Fig. 2C). With an average of 23 fruits peftarescence at 6 dafb, cultivar ‘H6I’ had
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22% higher fruit set compared to ‘Tron’ with 18ifsuper inflorescence. Generally, fruit drop
was affected by cultivar and irrigation. Size ofabed fruit ranged from ‘pinhead’ to ‘pea’-
size at the beginning of the fruit drop period U0 dafb and reached ‘marble-size’ at 34
dafb. Throughout the fruit drop period the absoisspattern of irrigated and non-irrigated
trees was similar, however, a significant diffeeietween irrigated and non-irrigated trees
occurred after 34 dafb. At harvest time, irrigatiegbs for both cultivars retained an average of
3 fruits per inflorescence, whereas non-irrigatd@i* and ‘Tron’ retained 0.6 and 0.4 fruits

per inflorescence, respectively.

21



(A)

(B)

(C)

Fruit number/inflorescence Fruit number/inflorescence

Fruit number/inflorescence

} 2007

" — & Hoi irrigated
: --O-- Héi control

—&— Tron irrigated
~-0--- Tron control

154

12

2008

36 -
33 4
30
27 1
24 1
21
18 4
154
12 4

]
40 e -
] “ H
P
15 ,H
> .-

/!
4D e H

2009

Dafb (days after full bloom)

Figure 2: Seasonal fruit drop pattern of irrigated and non-irrigated mango cultivars
‘H6I” and ‘Tron’, in 2007 (A), 2008 (B) and 2009 (C). Bars show the LSD05) at each

recording time.
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Environmental conditionWind direction and air temperature records otier3-year seasonal
fruit drop period indicated mainly hot winds prdireg from south-west to south-east direc-
tion. On 22% of all observation days, air tempea®matvas ranging between 35 to 40°C with

wind directions from southern direction (Fig. 3).

7 NHHY
;\/\\ Ry I 20°-25°C
— [125°-30°C
- - (I 30°-35°C
S FEEEEH 35°-40°C

Figure 3. Average mid-day maximum air temperature during fruit drop period 2007,
2008 and 2009 (148 days). The wind rose depicts the relative frequency of wind di-
rection on an 8-point compass with 4 main wind directions classified as N=0° E=90°,

S=180° W=270° going clockwise. Each ring on the wi nd rose represents 4% of the
total (148 days = 100%).

The beginning of the premature fruit drop at 1lbdaf2007 was characterised by a mid-day
average air temperature of 32°C (Fig. 4A). During following week, a sudden drop of mid-
day air temperature of approximately 15°C and a \debrease to 0.4 kPa was accompanied
with strong winds of more than 10 rit &ata not shown). Thereafter VPD increased to 2.8
kPa and air temperature to 36°C between 25 to 82 (@g. 4A). From 32 to 46 dafb, air
temperature reached 39°C; however, subsequentheakssd to 21°C. The highest VPD value
(3.3 kPa) was monitored within that period. Hightamperatures in 2007 (Fig. 4A) coincid-
ed with high fruit temperature at 25 to 32, 39 6oafhd 60 to 67 dafb with 38.2°C, 42.8°C and
42.6°C, respectively (Fig. 4B). From 32 to 39 ddfhit temperature reduction (>2.5°C) was

obtained in irrigated trees as compared to con&bb3 dafb fruit temperature decreased to
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32°C irrespective of irrigation; however, within 69 67 dafb and air temperatures of 39° to
40°C, significant differences of 1°C between irteghand non-irrigated trees could be meas-

ured.
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Figure 4: Mid-day mean air temperature and mid-day vapour pressure deficit VPD
(A, C, E) and mean and maximum fruit temperature of irrigated and non-irrigated
mango trees during the fruit drop period (B, D, F) for 2007, 2008 and 2009, respec-
tively. Bars show the LSD( 5y at each recording time. Circles indicate possible peri-
ods of environmental stress which might be associated with fruit drop periods.
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In 2008 there was an early cold spell in Februaasulting in delayed full bloom at March 28.
At 4 dafb air temperature decreased by 5°C to Z3fétlowed by two short periods of high
air temperature until 25 dafb; however, persistilgh mid-day average air temperature com-
pared to fruit drop season 2007 until the end oit fdrop period was monitored (Fig. 4A).
The high air temperature indicated two distinctiqgus of 4 to 25 dafb and 32 to 53 dafb.
Within the first three weeks, air temperature reachmaximum values of 38°C, however, de-
creased by approximately 10°C between 11 to 18 aafb15°C at 25 dafb. High VPD values
with 2.5 kPa were reached during 11 to 18 and 25, daspectively (Fig. 4C). From 32 dafb,
air temperature increased to 37°C while decreaseshd of fruit drop period. Similar, VPD
decreased from 2.2 to 0.13 kPa (39 dafb) throughaittdrop period. Irrigation had no effect

in reduced fruit temperature (Fig. 4D).

High air temperatures of over 30°C occurred befaliebloom (February 6) and at the begin-
ning of fruit drop 6 dafb in 2009 (Fig. 4E). Witemperature peak of 37°C at 15 dafb, air
temperature decreased below 21°C until beginnindaych (27 dafb). A high VPD value of
2.5 kPa was at the temperature of 37°C (Fig. 4E)h V@west air temperature of 21°C and a
VPD of 0.5 kPa from 27 to 34 dafb, air temperainmeased again with 33°C at 34 dafb and
37°C at end of March, respectively. However, ainperature was generally higher and tem-
perature fluctuations were less pronounced as cadpa study year 2007. Fruit temperature
seldom decreased below 30°C throughout the fraip ¢reriod in 2009; however, fruit tem-
perature was not significantly different in irrigdttrees compared to controls (Fig. 4F). The
results indicated maximum air temperatures of @G5IC in 2007 and 2009 at full bloom in
February associated with occurrence of hot, drydwi(Fig. 4A, 4E). This climatic observa-
tion in February could be confirmed by 12-year diio records from the weather station in
Yen Chau (Fig. 5). Moreover, with over 30°C in 2087 32°C in February 2009, highest

maximum air temperature peaks were measured fr&@@ t®920009.
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Figure 5. Average maximum daily air temperature (C) and total precipitation (mm)
recorded at the weather station in Yen Chau for February, March and April during
1998-20009.

Irrigation and soil moisture With little precipitation (< 10 mm) at floweringme in 2007
(data not shown), the fruit drop period had twandigant rain events. With total amount of
40 mm precipitation from 32 to 39 dafb, highest antoof 88 mm was measured from 53 to
74 dafb (Fig. 6A). Generally, soil moisture at noimgated trees rarely decreased below 30%
throughout the study period, however, supplemeritagation increased soil moisture in 10
to 40 cm soil depth compared to control. With 154 total amount of precipitation, the fruit
drop period 2008 (Fig. 6B) obtained approximated®@more precipitation than in 2007.
However, with more than 80 mm precipitation fromio418 dafb, approximately 50% of the
total amount of the recorded precipitation occummethe early phase of the fruit drop period.
Highest soil moisture values with 35% and 37% ath@ 40 cm depth, respectively, were
recorded at irrigated trees from 4 to 18 dafb. Watkotal amount of 0.6 mm precipitation
from 6 to 48 dafb, the fruit drop season 2009 iatid the lowest precipitation within the 3-
year study (Fig. 6C) and even the lowest precipmasince March 2003 (Fig. 5). Soil mois-
ture at control trees at any recorded soil deptk lwaver compared to the previous years.
However, for irrigated trees, soil moisture recaatid0 and 40 cm soil depth indicated higher
soil moisture by average of 30% and 20% throughbatfruit drop period, respectively.

Moreover, significantly increased fruit retention learvest was observed for both cultivars
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with an average of 2 fruits per inflorescence i02@nd more than 3 fruits per inflorescence
in 2009, respectively.
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Figure 6: Daily mean soil moisture of irrigated and non-irrigated mango trees, meas-
ured at 10 and 40 cm depth and seasonal precipitation for the year 2007 (A), 2008
(B), and 2009 (C). Bars show the LSD 0s5) at each recording date.
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3.2 Premature fruit drop alleviated by irrigation and the use of plant growth

regulators

Fruit retention in response to irrigatior-ull bloom for both cultivars occurred delayeceat

of March in 2008, compared to flowering period natyoccurring in early to mid February.
The cultivar ‘H6i” had a higher fruit set per infescence compared to ‘Tron’. Flowering of
‘HOI” was ongoing from 4 dafb to 11 dafb; while tiuar ‘Tron’ commenced fruit shedding,
respectively (Fig. 7A). Generally, fruit abscissioommenced at ‘pinhead-size’ for both cul-
tivars. Irrigation reduced the intensity of fruitogp significantly in both cultivars. At the end
of the fruit drop period irrigated trees had a ffet increased fruit retention for cv. ‘H6P’
and 12% increased fruit retention for cv. ‘Tron’damparison to non-irrigated control trees
(fruit retention of only 4% for ‘HG6I” and less tha®o for ‘Tron’). Full bloom in 2009 oc-
curred early to mid of February with fruit set atl&@b. Fruit drop pattern intensity was similar
for both cultivars; however, fruit drop was affettiey cultivar and irrigation (Fig. 7B). Final
crop load was with approximately 13% fruit retentior irrigated trees compared to control

trees with only 3% fruit retention higher in bothitoevars (Fig. 7B).

Fruit retention and hormonal responsgeasonal changes of IAA-export in cultivar ‘Haiica
‘Tron’ and treatment throughout the fruit drop periin 2008 and 2009 are demonstrated in
Figure 8. Higher IAA-export from fruits of non-igated trees could be measured at one date
for each cultivar (Fig. 8A). IAA-export was highestth 1.2 ng fruit’- 20 h* at 25 dafb for
‘H6i" compared to other cultivar and treatmentsobel0.8 ng fruit-20 K. For ‘Tron’ the
maximum IAA-export was reached at 46 dafb with dggfruit®- 20 h' at 53 dafb. However,
at 53 dafb which represents the last analyzed sawipthe time course the level of IAA-
export in irrigated and control trees of both aats was similar. A constant and significant
increase of IAA-export from fruits after irrigatiomas not found in 2008. In fact, IAA-export
was rather low from 18 to 32 dafb for irrigatedeseof ‘HOI’ with maximum values with 1.1
ng fruit’- 20 K. However, after 32 dafb the IAA-export increasewl atabilized at values
around 1.1 ng fruit- 20 h* until 53 dafb. The IAA-export out of fruits fronTton’ was below
0.4 ng fruit'- 20 K until 32 dafb, thereafter IAA-export increased frémits of both irrigated
trees and controls. Samples from controls reacheedmum IAA-export values of more than
1.6 ng fruit- 201 at 46 dafb.
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The situation of IAA export of mango fruits in 200&s different to the previous year (Fig.
8B). All trees indicated rather low IAA-export valsl throughout the first two weeks of sam-
pling time until 34 dafb. Maximum values of 1.8 fgit™- 20h! (H6i) and 0.9 ng fruit- 20K*
(Tron) reached at 41 dafb for irrigated trees wagnificantly higher than the 1AA-export
values of the controls, respectively.
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Figure 7. Seasonal mean percentage fruit retention of irrigated and non-irrigated
mango trees cultivars ‘H6i’ and ‘Tron’ in 2008 (A) and 2009 (B).
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Figure 8: Diffusable IAA-export out of mango fruit, in response to irrigation treatment
(irrigated, non-irrigated) and cultivar (‘H6i" and ‘Tron’) in 2008 (A) and 2009 (B). Bars
show the LSD(q 05y at each sampling time.

Fruit retention in response to PGR applicatioks shown in Table 2, significantly increased
final fruit numbers for both cultivars were idergd for all treatments compared to control for
each experimental year 2008 and 2009. Dependetiteotreatment, final fruit numbers vary
significantly within each study year. Applicatioi GPPU and NAA generally indicated
highest fruit retention compared to all other tmeats. Spraying with NAA resulted to max-
imum crop load at final fruit counting. Comparisbatween the study year 2008 and 2009
indicated; that the study year 2008 had a signifigahigher fruit number in both cultivars.
However, this included all treatments and the adpéxcept the treatment CPPU (2) in ‘HOI’
which showed no significant difference in fruit nlben per inflorescence in 2008 and 2009.
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Table 2: Final fruit number per inflorescence for cultivars ‘H6i’ and ‘“Tron’ in 2008 at
53 dafb (May 20), and 2009 at 48 dafb (March 26) for each PGR treatment.

Final fruit number
Hoi Tron
Treatment 2008 2009 |2008 2009 |-SP (0-05)
1. Control 08 | 05 | 1.5 | 01 0.16
2. CPPU 3 28 | 34 | 1.7 0.21
3.CPPU+GA; | 21 | 27 | 25 | 11 0.22
4.CPPU + GAg.s| 2.2 1 | 26| 06 0.23
5. Combi | 21 | 28 | 28 | 15 0.21
6. Combi Il 23 | 16 | 24 | 03 0.24
7. NAA 35 | 23 | 37 | 18 0.23
LSD 0.05 046 | 03 | 051|027

3.3 Morpho-physiological changes in the abscission zone of Mango fruit ped-
icel

Abscission zone morphology of mango pediggjroove-shaped indentation at the base of the
mango fruit pedicel indicates the abscission z&ig @A). Increased susceptibility to fruitlet
abscission is correlated with colour changes ob#usticel from deep green to green yellow or
even brownish. Fruitlet abscission was also clobeked to the yellowing of the dorsal fruit-
let shoulder and visible shrivelling of the frukirs (data not shown). When pedicel and fruit
are green the fruit is tightly attached; howevéyellowing was found, a small mechanical
impact e.g. bending of the pedicel, resulted iradement of the fruit. The morphological
characteristics across a longitudinal section efahscission zone in mango, cv. ‘Tron’ at 60
dafb (n=64) is shown in Figure 9B.
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Figure 9: Morphological characteristics of mango fruit pedicel (A). Longitudinal sec-
tion of the abscission zone with groove (gr), abscission zone cortex cells (az-cc), epi-
dermis (ep), piths (ph), cortex cells (co), phloem (pm), xylem (xm) and resin ducts
(rd) (B). Arrows show the selected area used for microscopically evaluating starch
grain accumulation. Scale bar = 500 pm.

The groove area marks the abscission zone, crodsngedicel as a disk-like layer consisting
of several thin-walled cell rows. The cortex patgma (co) cells are peripherally surrounded
by the epidermis (ep). The parenchyma tissue egtemghloem vessels (pm) and is random-
ly interrupted by resin ducts (rd) which occur iothothe exocarp and the inner region of the
mesocarp. Bands of xylem vessels (xm), large pasana cells of the pith (ph) can be found.
Pith and cortex are connected by parenchyma radrémsect the vascular ring. Cortex tis-
sue determines specific area of AZ cortex cells-o&Y
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Measurement of pedicel thickness at the abscisgioe The thickness of fruit pedicel was
significantly increased in cultivar and treatmelfig( 10A). Irrigated trees had a thicker fruit
pedicel in both cultivars compared to non-irrigatahtrols. From 32 to 74 dafb, irrigated
trees of ‘HoI’ indicated increased pedicel growthihwB.1 to 3.8 mm diameter, respectively.
Conversely, pedicel growth of ‘Tron’ at 32 dafb wdryelow the control; but increased from
less than 1.6 mm to 3 mm diameter within 28 dayisrigated trees. In Figure 10B, the AZ in
‘HOI” with 0.2 mm length was greater than in ‘TroMotably, AZ in ‘Tron’ was roundish-

shaped while being broader in ‘Hoi’ (data not shhwn
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Figure 10: Maximum pedicel thickness of irrigated and non-irrigated mango cultivars
throughout the sampling period (A). Length of the abscission zone in cultivar ‘HoP
and ‘Tron’ (B). The bars in (A) and (B) show the LSDg,os).

Cell separation Prior to the activation of the abscission process cell separation, a poten-
tial site of fracture crossing the pedicel was aetiected. Due to results of the microscopically
studies the abscission process was initiated ircdineex, phloem and at the pith, but was not
found starting at the periphery of the pedicetdttions indicated an early stage of abscission,
separation commenced in AZ-cc horizontally, bub gsrpendicularly over several cells lay-
ers (Fig. 11A, B).
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Figure 11: Horizontal (A) and vertical (B) cavities within the separation layer in close
proximity to the groove (gr). Morphological characteristics of the fruit abscission zone
resulting from natural fruit drop (C) and fruit drop artificially by hand (D). Insets in
both figures provide a close-up view of the fracture line. Scale bar: C, D = 500 pum; A,
B, inset C, inset D = 100 pm.

During and after abscission, intact cells showedundish shape along the separation line
(Fig. 11C, inset) conversely, hand-broken non-ausgi mango pedicels result in ruptured
tissue (Fig. 11D) with many separated or destraydld at the edge (Fig. 11D, inset).
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Starch accumulation and IAA analysitarch grains could be found in all parenchyniks ce

but were mainly concentrated in the cortex celtgl,d0 some extent, in the cells of pith and
pith rays. From 32 to 60 days after full bloom {@ahcreased starch accumulation in AZ-cc
was observed in both cultivars; however, non-itedgatrees showed not significant starch
grain accumulation per cell (Fig. 12A). In genetBldi’ showed a higher starch grain accu-
mulation than ‘Tron’. At 60 to 74 dafb, irrigateH6i’ trees indicated the highest grain num-
ber with 2.9 grains per cell on average, while fTridad a maximum of 2.7 grains per cell on
average. Thereafter, starch grain number decreadsath cultivars, irrespective of the treat-
ment. Figure 12B shows the percentage of cells wattying numbers of starch grains per
cell. At 32 dafb ‘“Tron’ had a higher percentagecefls without starch grains compared to
‘HOI’. In HGi 40% (1 to 3 grains per cell) and 15%to 6 grains per cell) of the cells indicat-
ed the highest starch content at 32 dafb. At 88 dadre than 50% of the cells were without
starch accumulation in both cultivars (Fig. 12C).

Seasonal changes of IAA-export in both cultivard tneatments throughout the observation
period are shown in Figure 13. A positive effectirafyation on 1AA-export at certain dates
could be found for both cultivars. Overall, IAA-eoqp of ‘HOI” fruit was higher compared to
“Tron’ throughout the sampling period (Fig. 13).detail, the highest IAA-export of 6.4 ng
IAA fruit - 20K was found in I1AA diffusates of irrigated ‘Hoi’ 80 dafb, whereas in irrigat-
ed ‘Tron’ the enhanced IAA-export only reached Bg8IAA fruit™ 20h" at 40 dafb (Fig. 13).
From 60 dafb to 74 dafb a steep decline in IAA-ekp@s observed in both cultivars.
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Discussion

3.4 Premature fruit drop induced by climatic factors

General climatic conditionsThe effect of climatic conditions in Northern \fi@im on the
intensity of premature fruit drop was analyzed tiglwout a 3-year experimental period. It
seems to be evident that the variable floweringogenf the cultivars H6i and Tron was based
on the specific weather conditions within a givesaly The dry season, occurring between
November to April, generally begins with a cool ipdrfrom November to end of January
followed by a hot period from February and/or MatatApril (Phan, 2005). Furthermore, the
hot period in February and March is typically acpamied with strong and dry prevailing
southern winds, with less than 12% relative hungidido Anh, 2004). These data together
with our own results might indicate that the drgsen with prevailing winds induce the onset
of the fruit drop. A similar weather pattern in $iwern California, known as the hot and dry
‘Santa Ana winds’ (Raphael, 2003; Westerlgtgal, 2004) affect the flowering and fruit set
of avocado (Witney and Bender, 1992). As the coatimn of high air temperature and low
humidity was also found in Northern Vietnam, ipioposed that this might be the causal fac-

tor for the premature fruit drop and reduction ielg¢y in mango.

Premature fruit dropFruit counts in this study revealed consideralffer@nces in fruit drop
pattern of the cultivars ‘H6I" and ‘Tron’, which mors previous descriptions for cultivar spe-
cific fruit drop patterns in mango by Guzman-Estrdti996). In our study, mangos initially
abscised from full bloom to early ‘pinhead’ stagdich occurs in all mango cultivars and is
considered as a natural thinning mechanism. Thenskepghase of fruit drop between 18 to 46
dafb at ‘pinhead’ to ‘marble-size’ (Fig. 2A) in 2D0s regarded as the premature fruit drop,
induced by environmental cues. Similar patterngwf drop, most pronounced during 3 to 4
weeks after fruit set, have been reported for mai@garleet al, 1995; Singh and Arora,
1965). In 2008 with delay in flowering and fruitt g®ssibly caused by the cold weather con-
ditions before and during the flowering period,mpeture fruit drop occurred at 11 to 46 dafb,
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whereas for 2009 period of flowering and fruit dfofilowed the season 2007. Fruit abscis-
sion intensity of both cultivars was remarkablyfetiént for all years, possibly due to envi-
ronmental conditions and genotype interactions lkmown that many cultivars, e.g., ‘Ken-
sington’, “‘Tommy Atkins’, and ‘Haden’ usually beanly one fruit per inflorescence to ma-
turity, whereas ‘Sensation’, ‘Irwin’, and ‘Nam DdWai’ often carry two or more fruits per
inflorescence; thus intensity of fruit drop seemseé influenced by genotype (Singh, 2005).
According to Singh and Arora (1965), Krisanap@blal. (2000) and Searlet al. (1995), fruit
drop is most pronounced during first 28 days dftgit set, whereas Guzman-Estrada (1996)
timed the main fruit abscission period between 28 20 days after fruit set. Consequently,
our results for ‘H6I" and ‘“Tron’ indicate a fruitrdp period from 18 to 46 dafb which corre-

sponds well with other studies of mango cultivars.

Effect of air and fruit temperature on fruit dropoor fruit set in mango in the subtropics due
to unfavourably cool temperatures during floralhesis and fruit set was described previous-
ly (Whiley et al 1988; Tsaiet al. 1996). Generally, air temperatures of 15°C/5°C/migint
cause damages of stigmas and ovaries in variouganauitivars, resulting in embryo abor-
tion and fruit drop (Sukhvibutt al. 1999, Issarakraisilat al., 1992). Moreover an increased
susceptibility of generative organs to low air temgiure of polyembryonic cultivars as com-
pared to monoembryonic cultivars was reported (Sikh et al., 2005; Sukhvibulet al.,
1999b). Indeed, Sukhvibeit al. (1999) concluded that monoembryonic cultivars appe to

be more tolerant to low temperatures during flomgriAlthough ‘Hoi’ and “Tron’ are poly-
embryonic and hence potentially at greater riskungeasonably cool conditions occurring
during anthesis, fruit samples at marble-stage0@82had fully developed seeds (data not
shown). Generally, air temperatures above 30°C ptenvegetative growth in mango
(Whiley et al., 1989), and can negatively affect fruit developmétawever, several studies
indicate different air temperatures detrimentalty hango fruit set and development (Is-
sarakraisila and Considine, 1994; Latal., 1985; Nunez-Elisea and Davenport, 1983). In
contrast to seasonal warm years in 2007 and 200Omean value of 17°C, 2008 had lowest

air temperature in February, compared to 12-yearateé records in Yen Chau (Fig. 5).

Fruit temperature is dependent on ambient air teatpes but also on direct exposure to the
sunlight (Fergusort al, 1998; Winschet al, 2001). According to Fergusaet al. (1998)
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bulky organs such as fruit may act as heat sindt,fl@sh and skin temperatures vary distinc-
tively to air temperature. The surface temperatfréuit from irrigated trees in 2007 and
2008 was randomly lower with 1.2°C compared to kmritees, which might indicate an in-
creased transpiration rate as mechanism for eviap®reooling. Moreover, high wind speed
in 2007 might additionally decrease temperatuthefruit surface. Similar effect is reported
by Thorpe (1974) in apple, where wind speed in&dasm 0.3 to 4.0 mSresulted in tem-
perature drop of 5°C at fruit surface. For 2009yvéwer, this observation could not be con-
firmed and heat presumably induced closure of stalnctosure apertures (Wilson and Bunce,
1997) would reduce the rate of leaf transpiratiBarce, 1996). High temperatures can also
directly affect the photosynthetic processes ingoaand thus reduce carbohydrate availabil-
ity for supporting fruit growth processes (Yamagtaal, 1996). Further, strong fruit abscis-
sion during hot and dry season could be a respnseduced leaf photosynthesis in mango
(Chackoet al.,1995).

Particularly the fruit drop season 2007 (Fig. 4Adicated high VPD values (>3 kPa) which
might have caused leaf transpiration. Similar hvgliues in 2008 and 2009 (>2 kPa) were
observed (Fig. 4C,E); however, days with low VPDQ($ kPa) might indicated less stress
potential for mango trees. Stomatal response has teported for many plants (Georgeal,
1990; Langeet al, 1971, Leuschner, 2002; Menzel and Simpson, 198&)ording to several
studies, stomatal conductance decreases expohentiéh increasing air temperature
(Massman and Kaufmann, 1991; Monteith, 1995), spo@se to an increased leaf to air VPD
(Higuchi et al., 1999). Moreover, closure of stomata caused midtigyession of photosyn-
thesis and transpiration in the subtropical evengselerophyllis(Beyschlaget al.,1992), and
this kind of response could suppress photosynthasimango as well, even if mango is

adapted to (sub)tropical climates.

Effect of irrigation and soil moisture on fruit ggoHigh air temperature mostly associated
with high VPD values indicated a possible stresemaal for trees, however, drought stress
has been suggested as an additional factor triggyémit drop. Precipitation of less than 285
mm during each fruit drop period of all experimérmy@ars might detrimentally affect fruit set

in non-irrigated controls. Adequate water supplgfisnajor importance during flowering and

fruit set for many fruit crops (Dominget al, 1996; Lahav and Kalmar, 1977; ket al,

40



1989b). According to Ponce de Leenal. (2000) fruit growth in mango is divided in three
stages; the first two weeks after fruit set witBlaw growth and high cell division rate, fol-
lowed by increased growth rate due to cell expan§iom third to the eighth week, and a
final stage of slower growth when fruits proceednaturity. Water deficiency at early mango
fruit development can seriously affect yield angezsally the first 20 days of fruit growth
under water limiting conditions affect yield by 20@oelho and Borges, 2004; Schafédr
al., 1994). Although mango is considered to be droughistant, supplementary irrigation
has a positive effect on productivity when rainfallscarce or poorly distributed during the
generative phase. The beneficial effect of irrigaton the increased final fruit number per
inflorescence was confirmed in 2008 and 2009. Rerseason 2007, the setup of the irriga-
tion system might have been too late, resultingninnsufficient period of water supply before

flowering.

The results indicate that premature fruit drop he tmango cultivars ‘H6i’ and ‘Tron’ in
Northern Vietnam is caused by unfavorable weatbaditions during the period of flowering
and fruit set. The seasonal cycle of floweringitfset and fruit development of mango in this
study area is shown in Figure 14 which are allaéé by environmental cues. Additional
water supply by irrigation had an effect on redgcstress potential and increasing orchard
productivity; however, irrigation has to be adjuste the phenological cycle of mango tree
such as flower initiation and flowering and partasiy early fruit set and development.

Early fruit drop
Ay
Fruit set
——
Flowering Harvest Flower initiation
A Al A —

I [ I I I [ I I I I I I |
NOV DEZ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

| cool B hot(winds) [  veryhot i cool I
Dry season Rainy season

Figure 14: Seasonal fruit phonological stages of mango in Yen Chau and prevailing
environmental conditions throughout the growth cycle.
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3.5 Premature fruit drop alleviated by irrigation and the use of plant growth

regulators

Effect of environmental conditionghroughout the 2-year study, the year 2008 indutat
delay in flowering and fruit set due to cold weatbenditions before and during the onset of
flowering. In contrast, the experimental year 2@@#stitute mean warm air temperatures
which facilitated timely onset of full bloom. Howew fruit counting indicated differences in
fruit drop pattern of ‘Hoi’ and ‘Tron’, which is edirmed by other studies in mango, respec-
tively (Guzman-Estrada, 1996; Singh, 1960). Absars®ccurs from full bloom throughout
all stages of fruit development (Krisanapostkal., 2000; Ramet al., 1983); however, is in-
tensified during 2 to 4 weeks after full bloom (Bhaun and Irabagon, 1993; Nunez-Elisea and
Davenport, 1983) similar to results in our studigeTotal amount of precipitation differs sig-
nificantly throughout the fruit drop period of eaekperimental year. According to 12-year
climate records, the lack of precipitation durirgyle fruit development associated with hot
and dry winds which are common for the study aWgh 0.6 mm precipitation from full
bloom throughout the fruit drop period respectiyehe year 2009 indicated lowest precipita-
tion within the study period. However, the year 00arked a severe cold spell in February
(maximum and minimum ambient temperature of 17°@ ah°C respectively) including a
total amount of 154 mm precipitation within the ipdrfruits abscised.

Effect of irrigation: Mango is generally considered as a drought totdrait crop (Chacko,
1984; Urban and Jannoyer, 2004), however, watarn@ments vary according to the pheno-
logical stage. Sufficient water supply is mosticak during the first 6 weeks (Schaffet al.,
1994), and lack of precipitation might affect prsyothetic activity, pollination and fruit set
(Gonzalezet al.,2004; Lu and Chako, 1997). Water deficiency dueagdy stage of fruit de-
velopment is assumed to induce fruit drop intenEgyreeret al., 2007). Similarly for other
fruit trees like citrus adequate water supply isnarily important during flowering and fruit
set to guarantee high crop load (Chalmers and Wil$878; Domingeet al.,1996). For both
experimental years and both cultivars, fruit set anmber of fruits per tree were significantly

increased by irrigation compared to control (Fig, B). Moreover, harvest in 2008 showed
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increased fruit size (data not shown). This resuoltrelates partly with studies of mango,
where higher yield due to increased fruit numbeheato enlarged fruits were obtained
(Pavel and de Villiers, 2004; Spreatral.,2007). It is recognized that the distribution o
cipitation rather than the total quantity of waitea crucial factor for the productivity of fruit
crops (Chalmers and Wilson, 1978; Lechaustehl, 2004). Precipitations from 4 to 39 dafb
in 2008 were abundant; while it was presumablyiciefit in 2009 with only 0.6 mm rainfall
to replenish soil moisture. Little rainfall duringpid fruit growth coincides with decreased
water stress (Let al, 1989a; Liet al., 1989b); moreover, decreased photosynthetic capacit
in mango rapidly reverses due to irrigation (Dameual, 2009). According to Spreet al.
(2009), in years with precipitation, well-irrigatécees indicate higher yields; contrarily, in

dry years this effect is more pronounced to noigated trees.

Water application availability presumably increadadt set in 2008 compared to control,
however, compared to higher fruit set in 2009, &odal precipitation might also detrimental
affect flowering and early fruit set in both culing. Water stress may help to stimulate trees
to flower but with complete emergence of infloresmes supplementary irrigation is recom-
mended (Coelho and Borges, 2004). Moreover, Bsllgl. (2000) suggested that water stress
might improve floral induction. Contrarily, heavyegipitation and high humidity conditions
during this critical stage heavily damage earlytfaet, or furthermore stimulate vegetative
growth (Chacko, 1984). Hence, reduced fruit se2008 might associated with inadequate

environmental conditions which act as natural ftiithning mechanism in mango.

Hormonal responsePlant hormones have been suggested as dominagjnglss inducing
early fruit drop in mango (Chen, 1983, Nunez-Eliaad Davenport, 1983). However, contin-
uous auxin basipetal transport through the abseissone is critical for retention of plant
organs including fruit (Davenposdt al., 1980; Roberts and Osborne, 1981). The hormone
IAA (indole-3-acetic acid) is postulated to inhi&Z activation by reducing the sensitivity of
cells in the AZ to ethylene, an abscission prom{Banusaet al., 2005; Taylor and White-
law, 2001). In our study, from full bloom to 18 Hafruit abscission might be considered as
natural thinning mechanism; however, the periodoaf IAA-concentrations (18 dafb to 32
dafb) in 2008 might corresponded with excessivi flop in mango with the reported period
of high rate of mango fruit drop (Prakash and Ra884). Notably, from 32 dafb to final fruit
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set, the increased IAA-export might result in highmount of sampled fruits which are less
susceptible to abscise. Similarly, sampling in 260B86wed stabilizing effect of fruit retention
at 34 dafb to the end of fruit drop period (48 dafhich might be correlated with increased
IAA-export (Bangerth, 2000). Shedding intensity both years indicated increased IAA-
export values at mid or close to end of fruit dpgpiod. Thus, pollination and embryo degen-
eration as observed in young fruitlets describegaential causes of abscission can be ex-
cluded (Chadha, 1993; Singh and Singh, 1995). Hewen cherry a specific role for IAA in
regulating abscission was assumed when late-forimeddetached preferentially to first-
formed fruit, respectively (Blanus al.,2005). According to Bangerth (1989) the fruit thsat
set first and develops first dominates over laeretbping lateral fruit and induce their ab-
scission. At hormonal level, the strong polar IAArnsport pathway of a dominant fruit thus
affect weaker IAA pathway of a dominated fruit, winicauses an autoinhibition of the auxin
transport thus fruit shedding (Li and Bangerth, 999 hus, as periods of high IAA-export
might link with low fruit drop, it is suggested thiauits which have survived the main shed-
ding period can resist abscission. Water stress timengfore manipulate nutrient supply to

fruits which determine the auxin status and/or §uppthe abscission zone.

Effect of PGRChemical application in each study year incredsatset. It is well known in
many fruit crops, including mango, that retentidradruit e.g. the capacity of a fruit to pre-
vent itself from being shed, relates positivelyttod fruit ability to produce growth promoting
hormones (Beruter and Droz, 1991; Buban, 2000; Ch@83; Prakash and Ram, 1984). The
applications of synthetic PRGs such as CPPU, GASNERA have been reported to enhance
fruit retention in mango (Burondkaat al, 2009; Oosthuyse, 1995, 1997; Singh and Ram,
1983) and might suggest a correlation of deficieacynetabolic and or transformational al-
terations of natural occurring hormone values alyestages of fruit development with fruit
drop in mango (Malik and Singh, 2003; Ratral.,1983).

Several studies in fruit crops such as apple, sitguave, macadamia, persimmon and mango
(Black et al, 1995; Kassenet al, 2010; Masieaet al, 1998; Oosthuyse, 1997; Ortadh al,
1998; Singh and Ram, 1983; Williams, 1980) indida¢mhanced crop load by CPPU and
NAA, respectively. In grapes combined effects ofPCPand GA were better than single
chemical treatment (Han and Lee, 2004). In ourysthdwever, single application of CPPU
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applied directly after full bloom promote mangoifnetention, with maximum of 3 fruits per
inflorescence in 2008 and 3.4 fruits per infloresse in 2009. This contradicts results by
Oosthuyse (1997) where CPPU alone was not fourctease fruit retention in mango ap-

plied shortly after flowering.

The specific role of carbohydrates in fruit absossand phytohormones are not completely
understood. It has been suggested that carbohgdaate hormones participate in a complex
signal transduction system (Roitsch, 1999) andtmg; abscission induced by carbohydrate
shortage was triggered by increases in the leviefsBé\, ACC as precursor of ethylene, re-
spectively. Auxins have been reported to promotebte effects (Agustet al.,2002); how-
ever, capacity modifying fruit abscission has bdencribed as well (Yuaat al, 2002). In
mango, highest cytokinins levels were measured #&i 21 and 42 to 70 days of fruit growth,
respectively (Ranet al., 1983); whereas Chen (1983) defined maximum coragéon of
cytokinins 5 to 10 days after full bloom, respeetwwhich decrease rapidly thereafter. In
kiwi the effect of CPPU might be explained by irased cell divisions reducing flower shed-
ding, respectively (Iwahoet al, 1988). Thus, Oosthuyse (1995) concluded, thatkayin is
important during initial stages of fruit growth imango; thereafter, increasing concentrations

of auxin and gibberellins become significant.

In view of the results in CPPU, spray applicatidrN&A increased significantly fruit reten-
tion; however, the degree of efficiency dependgrenkind of auxin used and the weather
conditions of application time and additives (Agust al, 2000; Meland, 1998). The data
show that when NAA was applied at marble stage,imam increase over control with 3.5
fruits per inflorescence in 2008 and 3.7 fruits pdlorescence in 2009 for cultivar ‘H6V’
whereas similar, however lower fruit retention welgained in both years for ‘Tron’ respec-
tively. Therefore, the use of NAA to improve reientappears to be linked with developmen-
tal fruit stage. Indeed, similar studies mentiomaaibitory or delaying treatment effect of
NAA on apple at late growth stage (Mastal., 1998); however, for mango Naget al.
(1990) specified, spraying with NAA to prematureifirat pea size stage and two weeks after
marble stage significantly increased fruit retemtiSimilar studies confirm; period of applica-
tion; however, NAA concentration and applicatiopegtion might significantly enhance in-

creasing fruit retention in mango, respectively@Maet al.,1990; Oosthuyse, 1995, 1997).
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3.6 Morpho-physiological changes in the abscission zone of Mango fruit ped-
icel

Abscission morphology and cellular changéee morphology of the mango pedicel was sim-
ilar to that described earlier by Barnell (1939wever, lignified pith cells proximal to the
groove were not found in the present study. The@wge represent the site where the abscis-
sion process ultimately occurs (Barnell, 1939).g8i1§1961) also reported lignified pedicel
cells during late stages of fruit development; flaanpling was discontinued prior to lignifi-
cations of the pedicel. No varietal difference cobhk observed in the shape of the grooves
between ‘HOI" and ‘Tron’; however, it was shown thdoi’ with a bigger fruit size, had an
increased fruit pedicel thickness compared to “Tramhich represents a cultivar specific fea-
ture. This was also observed in several citrusivark, where pedicel diameter was also
linked to fruit size (Bustaet al, 1995; EI-Otmanet al, 1993; Stewaret al, 1952). The AZ

of tightly packed small cell rows and the transitioom AZ cortex cells (AZ-cc) to neigh-
bouring tissue is clearly distinguishable. The destlnumber of AZ-cc cell rows of investi-
gated pedicels was 4 and ranged to a maximum ddt e broadest point of the AZ-cc.
Throughout the sampling period, the number of raficells within the AZ steadily in-
creased, whereby ‘Tron’ tended to have more celisrcompared to ‘Hoi’. These observa-
tions may correspond with studies in plums wheeed#ise of fruit detachment was positively
correlated with the number of cell rows (Al-Jard&tosser, 1973). The cultivar ‘H6i" indi-
cates a larger AZ thickness; however, this didrestilt in enhanced fruit retention. Accord-
ing to Bonghiet al. (2000) AZ-cc in peach are grouped in cell unitd aansverse sections in
our study on mango indicate similar cell formatioMoreover, sectioning through the AZ
indicated that resin ducts are perforating the geEdhZ. Resin ducts are non-uniformly ar-
ranged in fruits of varioug\nacardiaceaespecies (Grundwag, 1976; Joel, 1980; Joel and
Fahn, 1980). The resin ducts occur both in the ayoand the inner region of the mesocarp
and the duct system enters the pedicel and alsetna¢es the abscission zone (Joel, 1980,
1981). It is unclear to what extent the incidenteesin duct systems in mango may contrib-
ute to the instability of the abscission zone; hesveas shown in Figure 11D, it is obvious
that resin ducts in the AZ reduce the area of ta@lloonnection and may support indirectly
the abscission process due to destabilizationeopédicel.
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Separation procesdVith a reduced amount of samples it might be ssigglkthat fruit abscis-
sion in mango occurred fast. This is supporteddweral studies, reporting that the abscission
of plant organs occur within hours after inductairthe abscission process. Polito and Lavee
(1980) and Brown (1997) indicated abscission oitgrand leaves typically within 12-60 h
after AZ induction; however, for tomato, flower alssion was already found within 4 h
(Roberts et al., 1984) or even 1 h (Abed¢sl, 1971). In mango the beginning of abscission
was first noticeable by cell separation occurringhie AZ-cc adjacent to vascular tissue and
progressing to the periphery. Similarly, Baird angbster (1979) described the abscission
process of sour cherry, beginning in the central piithe AZ and progressing towards the
periphery. In apple it was shown that abscissiantstat epidermis cells continuing through
collenchyma, vascular tissue and sclerenchyma oéllse pith (McCown, 1943). However,
according to Pandita and Jindal (1991) separatiarelds in the AZ of apple commenced in
the cortex and spread to the vascular tissue. ddriglates with results on flower abscission
in tomato, where cell separation occurred at tis¢éaliside of the AZ with parenchyma cells
responding first (Robertst al., 1984). Conversely, Polito and Lavee (1980) repbtieat the
separation processes in olive leaves occurredifirabaxial cortical cells adjacent to the vas-
cular tissue and progressing toward the epider8tgsseret al. (1969a) identified the AZ-
layer in cherry by its low affinity to haematoxylimdicating that cell walls of different tis-
sues showed different staining intensity. Furthersuggested low affinity through alteration
of cell walls in the AZ-layer and degradation ofl-eeall constituents such as polysaccharides
and pectin (Stossest al., 1969a). In mango, staining of cell walls of th@amtion layer
could not be observed prior to abscission; howgwedjcels indicated staining in AZ-cc after
abscission differing from neighbouring tissue.

The even fracture surface with rounded cells (FedLtC) suggests that the cell separation is
based on cell wall lysis due to middle lamella degtion and increased turgor of the AZ
cells (Brown, 1997; 2002). Sexton (1979) stated tbanded cells are found at the edge of
abscised tissue. Cell enlargement in associatitm aiscission is considered as an important
component of the abscission process (Osborne amgavip1989; Rasciet al, 1987; Sexton
and Redshaw, 1981). Brown and Addicott (1950) ssiggk leaflet abscission caused by
shearing forces which presumably resulted in dffértension and compression of vascular
vessels in the AZ tissue, respectively. Similar whserved in apple, where mechanical rup-
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turing of the vascular strands enlarge the breathénseparation layer leading to complete
separation of the cells (Pandita and Jindal, 18@kton and Redshaw, 1981).

Inducing factor of abscission process:

1. Indole-3-acetic acid (IAA)Sampling for fruit IAA-export analysis at 32 dafth9(
March) likely excluded lack of pollination and emgbrdegeneration as potential causes of
abscission (Chadha, 1993; Singh and Singh, 1998)er&l reports suggest that IAA is re-
duced in about-to-abscise fruits due to suppredsyoa stronger auxin export from adjacent,
more dominant fruit or shoot tips (Agust al., 2000; Bangerth, 1989). Conclusively, it has
been postulated that, if the IAA flux through th& & maintained, cell separation is inhibited
and thus abscission prevented (Beriter and Dra2]1)1Moreover, the balance model pro-
poses induction of abscission depends on a conmmiesplay of IAA and ethylene concentra-
tion (Beyer and Morgan, 1971; Sexton, 1998; Tagod Whitelaw, 2001). Although Nunez-
Elisea and Davenport (1986) suggested antagomedtiionship between ethylene and auxin
is evident for abscission processes (Taylor andt&éw, 2001). In our study, ‘HOP’ fruit ex-
ported more IAA compared to ‘Tron’ fruit throughaiie sampling period, which is correlat-
ed with greater fruit retention for ‘H6i’. HigheAR export from fruitlets might control the
sensitivity of the AZ to ethylene and thus absoissusceptibility. IAA is postulated to have
a direct effect on assimilate partitioning (Agustial.,2002; Patrick, 1979) i.e. the regulation
of the flow of assimilates to developing fruitsushmight be an important factor in determin-

ing whether or not fruits are retained (E&tel.,2004).

2. Carbohydrate:lt was shown that ‘H6I" had an increased fruit petlithickness com-
pared to ‘Tron’, which might be linked to biggeuitrsize and represents a cultivar specific
feature between both cultivars. Similarly, it wasserved in several citrus cultivars, where
pedicel diameter was also linked to fruit size ({@Buost al., 1995; El-Otmaniet al., 1993;
Stewartet al.,1952). Relationship between fruit set and carbodigdavailability are reported
for several fruit trees, including mango (Chacke91). A low carbohydrate level is often

mentioned as one possible reason for prematurediop in mango (Daviet al.,2000; Ram
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et al., 1983). Generally, the photosynthetic capacityhef tree regulates the supply of carbo-
hydrate with a high percentage of the accumulabtedgsynthates being primarily utilised for
growth and development followed by the respiratwacess of the tree (Kozlowski, 1992).
The surplus of carbohydrates is then stored, usualhe form of starch (Daviet al., 2000;
Kozlowski, 1992; Normanet al.,2009). In our study, pedicels from irrigated treeticated
increased starch accumulation in AZ-cc; and stapetins were also found in cells of pith
area, which was also reported fGitrus (Wilson and Hendershott, 1968). However, starch
grains were not present in cells of the AZ sepandiyer itself, which was reported for toma-
to flower AZ (Robertset al., 1984). In different species starch accumulatiors Weand in
cortical cells of the leaf abscission zone, as waslin flower pedicels (Gillilandt al., 1976;
Robertset al.,1984). However, there are ambiguous observatibadsrission susceptibility
which might be linked with low starch levels (Kowiski, 1992; Scotet al, 1948). Further,
Shiraishi and Yanagisawa suggested (1988) thathstamas hydrolyzed in cells of the distal
parenchyma and resynthesized during AZ formati@gssting an increase of starch concen-
tration, respectively. According to Davie and Séas€1997) mango trees set very large num-
bers of fruits which the tree nurtures before radtinuitlet abscission reduces crop load to
levels the tree is capable to support. Furthewas concluded, that slow-growing small fruits
were prone to abscission possibly due to competfoo photosynthates and lower production
of endogenous hormones (Krisanap@blal.,2000). Referring to early stages of fruit growth
in apple, a reduction of glucose below criticak#trolds in the pedicel may induce the abscis-
sion process of fruits (Beruter and Droz, 1991)iHis study, where the number of starch
grains decreased in the AZ and the adjacent tiaauacreased susceptibility of mangos to
abscise might be linked to lack of energy source.

3. Water relations:According to Ballyet al. (2000) water is the crucial factor, affecting
flowering, fruit set, fruit size and total yield mango, which is also supported in studies on
apple (Beriter and Droz, 1991) and peach (ChalmedsWilson, 1978; Let al., 1989b).
Initial fruit growth within the first 6 weeks folleing full bloom represents a critical phase in
mango fruit development when water deficiency migfinongly affect crop load (Coelho and
Borges, 2004)Further, fruit transpiration and the water moventanbugh the pedicel affect
the fruit water content (Jones and Higgs, 1982)wéicer control and treated trees of both
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cultivars indicated fruit abscission, water defrcg of control trees might affect negatively
pedicel growth, respectively. Similar is confirmedcitrus by increased vascularisation of the
pedicel due to transport of water and photosynshtievigorously growing fruitlets (Garcia-

Luis et al, 2002). Generally, drought stress and related mdeécits have been reported to
cause abscission processes (Apelbaum and Yang; T88lbr and Whitelaw, 2001). Further,

plant water deficits associated by rehydration simihking of plant organs generating wound
ethylene (McMichaekt al, 1972; Morganet al, 1990; Taylor and Whitelaw, 2001) have
been linked to abscission and determine the 1AAymthesis and metabolism thus inducing

abscission process.
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4. Conclusion and Outlook

Fruit drop can be regarded as one of the mostusepooblems for mango production in
Northern Vietnam which affects the performancela two main local cultivars ‘H6i" and
‘“Tron’. Both mango cultivars respond with enhanéedt shedding during fruit set and early
fruit development which falls into the dry seasoithwow humidity and excessively high

ambient temperatures.

Irrigation during flowering and early fruit growtstages improved final fruit retention and
irrigated trees had higher crop load per infloreseeclose to harvest compared to non-
irrigated trees. Additionally, morphological chasga AZ tissue in mango showed, that irri-
gation had a positive effect on fruit retentiorbioth cultivars, which might be influenced by
increased pedicel thickness thus increased nutatistatus of the fruit during critical envi-

ronmental periods.

However, in northern Vietnam water resources esgfigabn the hillside plantations are in-

creasingly scarce resource and irrigation systamsastly investments for local farmer. As
an alternative to reduce stress-induced fruit dnomango, application of plant growth regu-
lators at specific stages of fruit developmentsauelied. In considering reducing fruit drop all
chemical treatment indicated increased fruit reventHowever, as shown in this study, single
spray application of NAA and CPPU can effectivetguce fruit drop when sprayed shortly
after flowering and ‘marble’-stage fruit size. Fhet, with low concentration and one-time

application, PGR treatments indicate an econonability and ease of handling for farmers.

However, we assume that shortage of carbohydrayebmassociated with hormonal changes
as signals triggering the abscission process. Hieoeg studies will be needed to elucidate the
abscission process in mango, particularly the jtégrbetween activation of the AZ, hormo-

nal changes and carbohydrate reserves.
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