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3. Executive Summary 

M a ~ g o  nlalforn~ation was first repo~ted in Israel iu 1968. Egypt in 1931. and the Ui~ited States (Florida) 
in 1972. This disease is one of the n~ost  inlportant co~lstraints to production. since fnrit are not produced 
on affected pan~cles. Although d ~ e  e t i o l o ~  of mmgo n~alfornlation bas been co~~fused for many years. 
there is unequivocal evidence that the fungus. F~rstrri~~rri nitrrr,q~fe~-tie. is tile causal agent of disease. The 
epidemiology of malhrn~ation 1s poorly understood; however, it has bee11 reported that the disease tuay 
be spread with the assistance of the nlango bud mite, Accrin r~mtig~fCr~rc. Since there is an exchange of 
propagation material between these and other countries h e r e  the disease is present. such as India. F 
r~~u~r,y~f~r-rre co~rld be nloved in infected tissue between countries. 

Viability of spores and ~noculum of F nwr~,qifercrc in infected panicles decluled very rapidly UI soil. III 
Israel, in infected trees, the pathogn was not detected in seed. seed coat or flesh, whereas tmder cenain 
field conditions 111 Egypt. infections were apparently seedborne. III Egypt and in Israel, utilization of 
n~o lec~~la r  markers deternuned that ll~ocululil of the pathogen is arborne with infections in seedlings 
descending fron~ top to lower stem sections and root.;. Minor infections of roots may occur. but the 
pathoge~i did not infect plar~ts systenucally. The mango bud mite can facilitate transfer of spores withu~ 
trees to the apical bud. which is a major infection site However, wind is the main mode of spore 
dispersal. When sprayed at the app~uprlate time. the fu~~gicide prochloraz effectively reduced the 
development of malfom~ed panicles. A reliable molecular method for detectio~~ of the patho~en was 
developed Molecular techniques determined that a uniforn~ population exists in Israel compared to 
diverse populations in Egypt. the US and elsewhere. It appears that certain cult~vars. some growing 111 
Egypt. are more resistant than others to mango malfom~ation disease. 

One of the priniary aims ofthis research was to assure that disease-kee propagation nlatenal is available 
to the local. small farmers in E g y ~ t .  Based on project results. a pamphlet that contained vital infonuation 
on how to n~all~tain and cultivate disease-free seedlu~gs was produced a~d distributed to over 3.000 s~rcli 
farn~ers. 

By vihie of the USAID-MERC fiinds, the Egypt~an laboratory was fully equ~pped to conduct state-of- 
the-art n~olecular detection and population genetic studies Training to this effect was co~upleted in Egypt. 

Joint Israeli-Egyptian work that stemmed from the research project was presented at a11 i~~ternational 
conference where it received wide recoyition An audience of more than 350 researchers, ex~ension 
specialists and farmers were exposed to the scientific results that were published in a proceedings article. 

A peer-rev~ewed article co-authored by the Israeli PI aud co-workers. and Egyptiai PI and co-workers 
was published in the reputable scientific jour~lal Plnrtr Pnrlrukog.. firrther accrediting the scientific work 
conducted in the project. 

The research teams fron~ Israel. Egypt and the US inet at least five tin~es within the lifetin~e of the project 
to plan. discuss, and cond~rct d~eir mutual research. A concerted effort to deal with me mango 
~ ~ ~ a l f o r n i a t i o ~ ~  problen~ on a regio~~al basis, witli the expertise of the U.S. collaborator. pron~oted a very 
fruitful interaction. This will lead to continued efforts to solve the problem beyond the duration of this 
research project; future work is planned. 



4. Research Obiectives 

Altl~oiigh I-esearch on mango n~alforn~ation disease. caused by the fiillgal pathogen F~rscrrirr~n nmtrg~ferire. 
has been conducted since the late 1800s. little progress has been nlade to understand the ep~denuology of 
the disease. Fu~thernlore. cultural. mec11a11ical and cl~enical attempts to co~~tro l  the disease had been 
unsuccessfi~l 

The main goals of the research were: 
(I ) Deternine source of inoculum. surv~val and epidenuology of disease. 
(2) Evaluate cl~emical control methods. pathogen interaction with nutes a ~ d  scree~~ing of 
s~isceptiblelresista~t n~ango varieties to the disease 
(3) hvestigate the population biology and genetic diversity of the padlogen. 
(4) Develop a reliable nlolecular diagnostic niedlod for detect~on of the pathogen in infected I I I ~ I I ~ O  

tlssue. 

Significant gaps exist in what is knowl about the et~ology, epide~lliolog and co~ltrol of mango 
nlalforu~ation. These deficiencies directly and indirectly inlpact the lnanagenlent of this disease and were. 
thus, a 111ajor focus of this  project^ 

U~ltiltil 1966 the etiology of d~sease was in dtspute. With the conlplet~o~l of Koch's postulates it became 
clear that malfomation 1s caused by a fungus; however. confusion still existed regard~ng die identity of 
the specles of Frrsirrirrrn and whether other species were i~lvolved The use of modem techno lo^^ in the 
fom) of molecular tools a ~ d  new fii~lgicides with novel n~echa~~isms of control were used to manage and 
curtail the spread of the pa!hogn in nurseries and on grafting scions. and e s p a ~ d  cultivatio~~ and increase 
yields of m a ~ g o  in d ~ e  region. 

Mango n~alfbrnlation was first reported UI Israel in 1968. in Egypt in 1934. a ~ d  UI the United States 
(Florida) 111 1972 (Goldman. 1975: Ibrahinl et al.. 1975: Malo & McMillan, 1972; P~nkas and Gazit. 
1992. Ploetz, 2000. Ploetz. 1994). In Egypt and in brael. ~t is f o ~ u ~ d  in all producing regjons and is the 
nlost important constraint to production in both countries (Campbell. 1982; Crane. 1997; Ibrahi~ll et al , 
1975; E;liigllt. 1995; Mamers, 1996; Pinkas and Gmt .  1992). Malfornlatio~l affects seedlings and grafted 
plants 111 the nursery. and vegtative and floral apices in the field. S~nce  fniit are not produced on affected 
pa~icles, malfom~ation has a very serious effect on fruit production. Mangoes are grown in several 
&fiddle Eastem  count^-ies. but are most impo~tant in Ebypt where it has been stated that "Mangoes are an 
i~llpoitalt national cl-op in E k ~ p t  and a nlajor it en^ wid~in the National Food Basket'' (Anonymous. 1997). 

'The niost recent monetary figures that are available for Egypt are fro111 1998 (Ploetz et a1 2002). During 
that year. 215,657 tons of mangoes were produced diat had a value of Inore than US$150 ~lu l l~on.  
Malforn~ed panicles do not produce Gu~t  Thus. the proportion of panicles that are affected by 
n~alformation could be used to estimate the ~ ~ I O I I I I ~  of fruit that would have been produced UI the 
disease's absence. 011 this basis, fnut worth a1 est~n~ated US14.6  million was lost due to malfbrnlation 
only in governorates that were surveyed in 1998 (Ploetz et al. 2002). 

III Israel, the south aid central malgo cultivation regions are heavily affected by the disease. These areas 
col~taiu 209/0 of the total production. Until 1996 the drsease had not been recorded UI dle ilorthern mango 
cultivatio~l region. which contlns 80% of the total product~on. However, since ZOO0 many n~alfornlatron 



outbreaks have been I-ecorded ui tlie oortli a i d  caused extre~ne coliceni. Estlliiated loss due to the disease 
was USs4.3 11ul11on in 2002. 

IIi both countries. exenswe mango p p l a ~ t ~ ~ i g  have bee11 establ~slied over the past 5 years S ~ ~ i c e  
~ilalfor~liat~on affects niost of these areas, econolnlc losses could be s~gi~ficai t ly  IilgJ~er t l i a ~  that 
~ e c o ~ d e d  III the past 

Altliougli the etiolom of nlalgo n~alfor~~iation has been confused for o l a ~ y  years. there is mequivocal 
ev~dence that the fungus. F ~ ~ s t v i r r n r  ntari,~~firtre, is the causal agent (Ploetz Br Prakash. 1997; F r e e ~ i l a ~  et 
al.. 1999). Koch's postulates have been confir~ned for F. rnu~rgifertrc, 111 Egypt, Florida. Israel. n d  South 
Africa. Another species of Frrsor-turn, F. osj.syorua1. has been repo~ted to also cause u~alfor~iiation 111 

Ehypt (El Khoreiby, 1997; Abdel-Sattar, personal conu~mnication). Little is h1ow11 about the genetic 
diversity a ~ d  populatio~i biology of I7 nro~rgifi~,rr~ isolates causing ~iialfor~l~atio~l. To this end. various 
sh~dies used vegetative con~patibility groups (VCG) ofthe fungus (Leslie, 1995; Ploetz 1994; Ploetz et al.. 
1999; Sliaw et a1 1993). Other stud~es applied RAPD a ~ d  AFLP for the detection of genetic variation of 
this fungus (Zlie~lg and Ploetz 2002. Freemau. New~iian. U Lavi. unpublished). In recent years. 
additional Frr~rrriimr specles such as F. sterrlilr~plrosrrnr. F~rstrr~rrrir sp. rror. and F. prol~cr-trtrrnr were 
implicated in malfonnatio~~, altl~ougli their causal roles haw not been reported (Marasas et a1.2006). 

Epidemiology 
Malfomiation is spread by grafti~ig. a id infected nursery stock is a conwlon ineans by wiiich the disease 
is moved to new areas. III contrast, witl~ul-tree a ~ d  tree-to-tree spread in nurseries a ~ d  orchards is poorly 
understood Most reports indicate that the disease nloves slowly in affected orchards (refel-ences 111 
K111liar & Beniwal, 1992). Spores of E nrtrtrgifirrre are probable infective propagules sulce they are the 
only spores that are produced by tlie f i ~ n g ~ ~ s  and form profusely on dead ~nalforn~ed tissues. 

The distributio~~ of F. nnrrr~y~fcrrre in affected trees suggests that vesetative aid floral buds are the p r i n ~ a ~ y  
sites of infection a ~ d  that systemic colonization of older. subteading tissues does not occur. Freenlan et al. 
(1999) transformed isolates of F. rrrurr,qijcrtie from nlalgo with the GUS reporter gene (P-glucomnidase), 
a ~ d  used the111 to artificially i~~oculate n laqo .  T l ~ e ~ r  results verified that bud and flower tissues of the 
host are pri~nary infectio~~ sites, a ~ d  that wou~ids provide points of entry for the pathogen 

Root infection by F. niarrg~jiftme has been reported to cause malforu~at~on. either at the root collar or in 
tlie caiopy (Abdel-Sattar, 1973; Kun~ar & Beniwal. 1992). Unforh~nately. plaits 111 these shidies were not 
e x a n i ~ e d  p io r  to plantlllg in infested soil to determine wi~etl~er they were pathogen-free and. once plants 
were 111 a] experinlent. no precautions were taken to protect t l ~ e n ~  fi0111 other sources of 111ocu1u11i Thus. 
it is not clear wi~ether the root syste111 is actually a] 111fect1on court Likewise. it is not clear whether the 
patl~ogen survives in uifected flowers that have dispersed on the ground throud~out the growing season or 
in soil. Deternu~ung the factors that influence mfection and synlpto~~i developnlent may shed light on the 
natural spread of the pathogen. as well a s  assist the develop~lient of reliable co~~trol  methods. 

Spread on a snlall scale is most clearly denlonstrated in iiursenes (Prakash & Srivastava, 1987). Since 
seed do not appear to harbor the h ~ l g s  (Saeed & Scl~losser, 1972; Youssef et al.. 2007). seedling should 
be dtsease-fiee. However. the incidence of iiialforn~at~on on seedlings is often liigli in nurseries a id  
conflicti~lg ev~de~ice is apparent in Egypt (Sattar. perso~ial co~il~~iunication). Since seedling nurseries are 



oftell located in affected orchards in Egypt (Ploeb et al. 2002). ~t 1s logical to asstmle that seedliugs are 
infected due to their close proximity to affected trees. Exactly how this is accou~plisl~ed is not kllowl. 

The inango bud mite. Acer~cr ntorig~feruc. is often observed in hig$l nun~bers on malforn~ed trees. 
Athou& A. ~iltrrrgifertre does not cause malformation. it may be an inlportant conlponent of the 
malforn~ation disease cycle. A. niar1,gifercrc. feeds on epidernlal cells 111 floral and vegetative buds of 
ma~lgo. a ~ d  has been s11owl to carly F nlur~g~firtre on its body (Abdel-Sattar. 1973; Manicom. 1989). 
Thus. contaminated nlltes n u a t  facilitate ~ufection via their feeding activ~ties (Crookes & Qkenberg. 
1985). Once relationslships anlong A. nlcrtt.q~fcroe. F. niar~,y~fercre and mango are fillly eluc~dated. they 
sl~oould provide useful insights ulto the epidemiology and control of nlalfornlation. 

Management and control 
Several approaches have been used to maiage malformation. but most have been ineffect~ve. The best 
way to avoid problenls with the disease is to establish new plantiugs with pathogen-fiee nursery stock. 
Scion inaterial should never be taken fcon~ an affected orchard. a ~ d  any affected plants that are observed 
in tile nursery should be renioved and burned inln~ediately Nurseries should also not be established h 
orcha-ds, especially when they are affected by nialforn~ation. 

Ouce the disease is found in an orchard. control is possible, but t~me-consunlmg. In these cases. cultural 
~iia~~agement has been nlost effective (Manicom. 1989: Nar~simhan, 1959: Singh et al., 1974). Affected 
ternllllals and the subtending three nodes are cut fro111 trees. ren~oved fioni tile field and burned. 
Unfortunately. pruning to manage ~ualforn~ation is uot practical for all producers, some of whom are 
unable or unwilling to devote the effort that is required to ensure that this approach succeeds Iu addition. 
it may be diff~cult or inipossible to impose this treatment on large trees such as those prevalent in Egypt. 

A diverse array of pesticides, 110~1ones and yowth regulators has bee11 tested for the contml of 
rnalforn~ation. These measures have been, at best, marginally effective. Sin& et al. (1994) tested 
sulphates of cobalt. cad~luum and nickel for malfornlation co~ltrol in h d i a  It is u~d~kely. thou&, that 
these compounds could be used safely on this food crop due to their human toxicity Darvas (1987) 
reduced the percentage of nlalfonlied inflorescences by about one-half (fiom 96?0 to 48?,,0) by injecting 
'Keitt' trees with die f u n ~ c i d e  fosetyl-A. This reduction was s ig~f icant  ( P  i 0.05). but the increase in 
fruit yield. 46 to 95 kg of fru~t  per tree. was not. Results with other fi~ngicidal con~pounds have been 
generally less effective ( e g .  Chakrabarti & Giiosal. 1989; Diehnan et al.. 1982) In general. the 
protected. internal location of the pathogen in affected trees makes contl-01 of this disease a difficult 
propositioo. Protectant fi~ngcides. no matter how tomc to the fung~s. would be effective only 111 reduclllg 
the spread oftlie d~sease, and effective systenllc fungicides are linllted. 

Genetic resistance has been reported among d ~ f f e r e ~ ~ t  nlango cultivars. but l~ttle cousensus exists on 
wilich perforill the best (Ploetz. 2000). Prakasli & Snvistava (1987) ~ndicated that "There is great 
var~ation in the susceptibility of existing varieties." However. controlled inoculations with reference 
cultures were not conducted to make these evaluations (Ploelz. 2000). Reports on cultivar reslstaice have 
been based on observat~ons which are made in nonreplicated test orchards Thus. cultivars listed as 
"resistant" nlay have collie fro111 healthy nursery stock or may have escaped iufection once planted 111 the 
field. Alternatively, the variable response of different cultivars in different locations may have been 
caused by different, u~defioed pathotypes of Fr~scrrirrnr spp  Therefore, research on resistauce to 
malformation and pathogenic variation in F~rso r r t~~ t~  spp. causing n~alfor~nation is required. 



5. Methods and Results 

(i) Tinins ofs~onilation and mores disoersal: 
The tinle of release of spores of the fungal pathogen. F~rsarirmi nlnrlg~firne. was deternlined by sanlpllllg 
infected panicles of different ages (young inullature, partially mah~re. mature with open flowers) thee  
tinles a n~ontlt from the begumulg of flowen~lg (April) till the end of flowering (July) (Table I). 

Table. Spore quantification" fro111 i7 niorr,y!ter~re-infected mango mflorescences according to 
phenological characteristics and chronologyh 

Apr~l May June 

Bud break 1,417" bc 26.833 a - 
Mid stage 1,928 c 14,888 b 24.055 a 
Mature and rnalfornled 2.389 c 77,550 b 196,100 a 

" Spores (sporesiml) were quantified after agitating I g infected panicles. of different ages sampled at 
various periods. and dlluted serially onto a F1rsar71mi-selective rnediunl. III control healthy panicles fro111 
healthy trees, no pathogen spores were detected. 
b Flowers at bud break (illflorescences of 1 to 3 cni long), mid stage of flowering (inflorescences of 5 to 8 
c111 long) and mature nlalformed flowers (inflorescences of 10 to 15 c n ~  long) were sa~llpled at three 
periods: April, May and June. Sis replicate inflorescences of I g weight each per age and period were 
agitated for 30 nlin in a rotary shaker at 120 rpm. 
'Spore quantification per phenological stage at different periods followed by a common letter are not 
s iyif ica~~tly different (P<0.05) according to Duican's Multiple Range test. 

As can be seen, the time of release of spores show that in time and with maturity, inoculom density 
increases. The peak of inorulum production was found in mature malformed panicles later on in 
the season. 

fii) Infection of bark. fruit and seed. 

u: 
Since the pathogen nlay survive on external plant tissue. pieces of bark were san>pled f ion~  different 
infected orchards in d~fferent govenlorates in Egypt (Nubaria, Kalubia. Giza and Fayoum regons) during 
July. August. September. October and November. the period wile11 infected panicles have and are 
dispersing inoculurn Tissues were cut from the chosen ppas. washed thoroughly in tap water. the surface 
stel-ilized followed by successive washlogs in sterile distilled water and dried on sterilized filter paper. 
Stock of Petri-dishes contaming PDA were plated with surface sterilized pieces of niango barks. Pure 
culture of each isolate was obtained (Table 2) 



Table 2 .  Percentage of fi~ngi isolated from mango barks from different localities in Ismailia. Sharkia. 
Nubaria, Kalubia, Giza and Fayoun~ Governorates from July to Noven~ber 2003. 

Kerdasa 0 1 2 2 I 1.2 
El-Mmsoria I 2 2 3 I 1.8 
Abo-Ra!!-ash I I I 3 2 1 6  
Nekla 0 2 2 2 0 

I I 2 I 0 I IJ  

Mean 

2.2 
1.6 

1.2 

Go~~ernorilte 

Ismailia 
El-Dabia 
Abo-Khalifa 

S h d i a  
1 El-Son\nh 

El-Smagra 
NubarL7 
Kzilub~a 

E l -ha te r  

%of Flrsoritmr spp isolated to No!-ember. 2003 

I 
0 

I 

Hdieem 
Fa?-oum 1 Senoures 

on~panyu~g fiingi: Species of Las~od~n) ld~o.  <'lodosporirmr. Alrenior-Io, Pcsruioria. NIgr-osporzr. 
Epicoccirii. He~niirir~ios~~orirrnl and Aspe~giilrrs. 

Smhour 

Data presented in Table 2 indicated that isolation fmm nmlgo barks yielded several filngi i.e.. Frrsorir~ni 
spp. LnsiotiipokiIn sp., <'lo~iosporirrnt sp.. Alrert~orio spp., Pesroiurio spp, Nigrosporo sp., E~~icoccini sp., 
Hclnrirrtliospori~~~rr sp. and Aspcrgilir~s sp It is also clear that the mean percentage of Firsorirm~ spp. 
con~pared to other isolated fungi reached 0.73 and 1.26 during July and Ailgi~st. respectively, and 
~ncreased to 2.2 and 2.5 during Septe~nber and October, respectively. but decreased to 1.06 during 
November. firsorirrni spp. were detected 111 nlost inspected n~ango barks. 

No\-ember 1 

2 
I 

0 

Ju h- 

0 
0 

2 
3 
I 

2 

2 

0 

Due to the very low incidence of detection on the bark and unclear identity of these isolates, it does 
not appear lhat bark can be considered as an inoculum source for the pathogen, especially when 
comparing to tbe massive amounts of spores lhat are released from affected panicles. 

0 1 0  2 2 

Fruit and seed: 
Folty fniitlets and 40 flowers, 20 healthy and 20 diseased, respectwely, were collected l?om trees (cv. 
Keitt, Volcani Center. Israel) to deternune pathogen presence. The pathogen was quantified from fruit 
orignating fronl healthy and diseased trees. Half of each sample was surface sterilized and all were 
plated on a Frrsar-itmi-selective n~ediun~. All the fniit were sliced in half and the seeds (including seed 
coat) were removed. Each seed. seed coat and flesh sample was cut into five random pieces before plating. 
Half the seeds, seed coats and flesh (I cm pieces) fmm both healthy and diseased trees were placed 
directly of the Ftr.ror-irmi-selective medium. wlule the other half was surface sterilized before plating. 
Sa~uples of the fungal culture growing from the d~fferent tissues were verified as F. riinri,~tfir-oe by the 

August 

O 
2 

0 

I 

0 
0 1 0.8 

Metau I 0.73 2.5 I 1.06 

4 1 2  

Acc 

September 

4 
3 

1 
3 1 
2 2 

2 

I 

October 

5 
2 

3 
2.6 
1.6 3 

2 1 2.2 

3 
- 
2 

3 3 

I 

0 

1.8 

0.6 



yoly melase cha~n reactloll (see below) The esperlnlents wele cond~~cted hvlce 111 two co~lsecutlve 
growing seasons of 2002 and 2003 u ~ d  once agaul UI 2004 S11n11ar res~~lts  were obse~ved for all 
esyenme~~ts  therefore one reyresentat~re esper~ment IS presented (Table 3) 

All flowe~s and fn~ltlets f ion~ diseased pal~cles  were 100% infected. whether su~face disulfested or not. 
wl~ereas F. ri~clr~y~fi.r-crr was not detected in co~llparable flowers and fn~~t le t s  fro111 healthy trees (data not 
show11) III 2- and 3-~nonth-old fruit fro111 diseased trees. viable spol-es were q~~antified fro111 the fillit's 
surface. with a greater conce~~tration 011 yot~ul~ger fn~ i t  surface con~pared to that on nlature fillit. whereas 
the patl~ogen was not detected on fn~i t  fiom healthy trees (Table 3)  No Frrvtrritr  were detected fr0111 
healthy fn~its. Only F. nrorrgjfi.rae colonies, ~ n f i e d  by specific-PCR. were isolated fro111 fn~ i t  fro111 the 
infested orchard. 

Table 3. Detection of Frrstrrirrnr nior~gifcrae colo~ly forn~ing units (CFU) on m a ~ g o  fruits fro111 diseased 
a ~ d  healthy trees. 2 and 3 nlonths after f n ~ i t  set 111 Israel 

Fn~ i t  age (n~onths) Average weight (2) CFU/g fruit 
Diseased 2 320 61.5 + 2.8 
Diseased 3 460 27.4 + 4.5 
Healthy 2 S40 0 
Healthy 3 490 0 
Twenty-five fn~i t  tiom diseased a ~ d  healthy trees of each age were washed and the supernatant was 
centltnfi~ged and plated on Frrstrri~rrii-selective n~ediunl for CFU e n u ~ ~ ~ e r a t i o ~ ~ .  

The fn~i t  f ron~ diseased aud healthy trees were sectioned to deternune presence of the pathogen in seed 
and on seed coats. The pathogen was not detected within the seed or 011 seed coats of h i t  fro111 diseased 
trees or fr0111 healthy trees. Likewise. the patho~en was not detected in the flesh of any of the tested 
diseased fn~ i t  or from healtl~y ones (data not S ~ O W I ) .  

From the data in Table 3, the pathogen nlay be present on the fruit exterior in Israel but is not 
seedborne o r  found within fruit. 

III Egypt. apparent healthy mango tiuit of 'Conlpa~y' (susceptible), 'Misk' (susceptible) and 'Jolic' 
(resistant) were collected fro111 orchards in EL- Sharkia Governorate. Longih~dinal sectio~~ing was 
carried out to deter111111e the i ~ ~ t e ~ n a l  rot of the emb~yo tissues. Percentage of discoloratio~l in enlbryo 
tissues was recorded (Tahle 4). 

Table -1. Fung associated with internal rot of en~bryo tissues of apparent healthy nlango fruits ofthree 
cultivars d~ffering in their susceptibility to n~alfon~~ation. 

1 Cultivar I Reaction to n la l fon~~at io~~ I Associated fi111sj I ?4 of en~bryo rot 1 
Co~ l lpa~y  

I 1 A 

Highly susceptible 

Misk 

I 1 1 

Susceptible 

Golic 1 Resistaut 1 Not detected 

Frrstrrir~~~i spp. 
Alrer7itrrin s p ~ .  

0% 

45% 



It appears that the highly susceptible 'Co~npany' showed 45% enlbryo rot followed by 'M~sk'. which 
showed 25% infection. The Frrsarirmi spp. isolates were verified as F niutig~fer-rre according to specific 
PCR amplification. No embryo infection was observed in 'Golic.' 

The results in Egypt contrast with those in Israel, where no internal infection of fruit and seeds was 
determined. In future research this subject will need to be clarifred. 

(iii) Isolation of the pathogen from different prowth tissues 
In each of the fifteen branches selected, the cai~sal agent was isolated and identified but withoirt 
sequential consiste~lcy. The causal agait was detected in all infected branches. regardless of age, but the 
branch sections closer to die infected panicles were more heavily infected (Table 5). Molecular 
identification by PCR of 122 san~ples of Frrsurirrnr culttrres? growing from sections plated 011 Frrsrrr-irmi- 
selective medium, verified that in 93% of the cases F niorig~feroe was detected. 

Table 5.  Infection (%) of branch sections of variol~s ages cut from a heavily infected orchard 

Age (years) Infection (76)" 
0 (malfor~i~ed panicles) 100.0 

L S D ~  8.7 
"Average % infection of segnie~ited san~ples according to age. co~lsisting of five replicate pieces. per age. 
per tree (total fifteen)? plated 011 a Frrsorirmr-selective niediuni after surface disinfestation 
Least significant difference (LSD), Tukey-Kramer multiple co~npariso~i test (I' 0.05). 

The pathogen remained viable in various parts of the trees for up to 7 years, indicating that it 
survives for long periods in woody portions of the tree where lateral buds were present. Similar 
results were obtained from expe~imeuts conducted in Egypt (data not shown). 

(iv) Transfection via wafting 
In all of 15 saplings that were used in the graft experinlent, the pathogen was isolated above the graft 
union but not in consistent sequence. In the region below the graft tlie fimgus was found 111 only 4.3% of 
the segnents. from three out of 15 saplulg. Molecular tests by PCR verified identification of the 
pathogen. 

According to the grafting experiments, movement of the patbogen was mostly acropetal, but 
isolation of the pathogen in areas below the graft was also detected in a small percentage indicating 
possible bas ip td  growth from an infected scion into the rootstock. Similar results were obtained 
from experiments conducted in Egypt (data not shown). 



[v) Root nfections and survival of the pathogell in soil and ~anicles 

Root infections and survival of F. n ~ ~ ~ r g i f e r a e  in seedling roots 
Seedlings were inoculated with 100 ml of a final concentration of 10' sporeslg soil (isolates 122 and 34) 
Five plants were inoculated with each isolate and maintained at 25°C for 1 year. Periodically, 5 roots 
fi-om each plant were sa~npled and plated to determine percent infection (Fig. 1). 

Figure 1 

Weeks atier kxvhtam 

An immediate increase in colonization was detected in the inoculated roots but in time a gradual 
decline was observed. In no case did symptoms develop aboveground. 

Survival of F. n~nrrpifcroe in soil under various conditions 
Natural soil (92% sand, 8% clay, pH 7.0) was collected from a nearby mango orchard in the Volcani 
Center. Spore water suspensions of two isolates of F rilorlgiferne were mixed with the soil to a final 
concentration of 10' sporeslg soil (22% nloishlre content). Infested soil was placed into three replicate 
flasks. and 1 g soil was sampled every I or 2 weeks and plated in serial dilutions to determine surviving 
colony-forming units (CFU). Nine replicate plates, three per flask representing bulked samnples, were 
assessed per isolate at each period. Survival experiments with isolates 50612 and 135A. conducted UI the 
winter and suuuner o~ontl~s. respectively, at 14°C and 33°C average respective soil temperatures, were 
performed outdoors and compared to controlled conditio~~s at 25°C. 

,411 survival experin~e~~ts were conducted at least three times with similar results and one of these 
experiments is presented in Table 6. During the summer nlonths under outdoor conditions. a very rapid 
decline of isolates 50612 and 135A was recorded compared with that under winter and co~~trolled 
conditions (Table 6). During the summer months. isolates 50612 and l35A declined to 50% of their 
original levels after 1.6 weeks. as compared to 7.9 and 18.4. and 14.7 and 15.4 weeks, for the respective 
isolates under respective co~ltrolled and winter conditions (Table 6). 



Table 6. Survival, expressed UI number of weeks needed to recover 50% of the original population of 
culture-produced spores of isolates 50612 and 135A of Firsnr-irn~r nrurrg~ferwe in field soil, under 
controlled, sun~n~er  and winter outdoor conditions" 

Isolates Couditions Regression eauation R' survivalh (weeks1 
50612 Co~~trolled y=-0 .14x+5 0.99 17.9 a 
50612 Winter y=-0.15x+4.7 0.92 14.7 a 
50612 Su~nn~er  y = -134x+4.7 0.96 1.6 b 
13 5A Controlled y =-0.13x+4.5 0.81 18.4 a 
135A Wu~ter y = -0.14x+4.7 0.92 15.4 a 
l3SA Su~lln~er y = - 1 . 4 x + 4 . 8  0.93 1.6 b 
" Spores were nuxed in soil and survival was ~nonitored periodically under co~~trolled (25°C) or average 
winter and summer n~onths (respective 14°C and 33°C average soil ten~peraiures) conditions. 
'The survival percentages were calculated fro111 the survival vs. time curves, according to the regression 
equations for each isolate under the diEerent incubation conditions and the R' values ranging between 
0.81 and 0.99. were significant (Pi0.05). Colunu~s with a conm~on letter are not significa~tly different 
(P<0.05). according to paired t-tests behveen populations. 

Survival of E nnrnrreifL.rae in infected ~anicles 
Affected panicles (.~ieitt. in Israel and 'Sud~arri' in Egypt) were collected from orchards ~ I I  the Volcani 
Center, Israel and in Isnlailia Governorate, Egypt. Experiments were co~~ducted in the same orchards 
between May aud October, when inoculun~ fro111 panicles could be dispersed by wind. Panicles were 
placed between trees in nylon bags. either buried to a depth of 30 cm or left on the surface. or sampled 
periodically over 180 days to detern~ine viability of the pathogen. Each of three replicate panicles were 
retrieved from soil or the soil surface, washed under ninning tap water. surface-sterilized, divided into 10 
parts, and plated on a Frrsnrirmi-specific medium. Percent survival was determined by calculating the 
nun~ber of infected stalks that yielded F. nnrrr.y~fircre co~~~pared  to infection at zero tiu~e. The eqer in~ent  
was conducted twice. once iu each country. Ten~peratures on the soil surface and at 30 CIII depth. from 
May to October. averaged 39 T 7°C and 24 T 3°C. respectively. Results of bod] experiments are presented. 
Pathogen populations in the infected panicles declined more rapidly on the soil surface than i n  soil in 
both locations (Fig. 2). In general. survi-a1 of populations at both depths 111 Israel (experiment 1) declu~ed 
slower than those 111 Egypt (experiment 2 )  After 8 weeks, survival of populations in Egypt had declined 
to approxi~nately 15% whereas those in Israel declined to 80 a11d 3594 at the respective 30 cn] and 0 cn] 
depths (Fig. 2). After 24 weeks, populations of the pathogen in panicles on the soil surface declined to 
negligible levels 111 both locations, whereas a 20% survival rate was evident in soil in Israel. 

F i g u r e  2 

(I 5 1 0  1 s  2 0  2 5 

W e e k s  a f l e r  b u r i a l  



Svstemic versus local infections 
One hundred 1.5-yeardld infected, vegetatively malformed 'Sucharri' mango seedlings growing directly 
under affected 'Sucharri' mature trees (cv. Sucharri) and 40 affected panicles from these trees were 
sampled 6om four different plots (25 seedling and 10 panicles from each plot) in two locations each in 
Ismailia and Sharkia govenerates in Egypt, in April 2004, to determine whether infection in seedlings was 
systemic (originated from the seed and soil and evenly distributed within plant tissue) or whether the 
pathogen was airborne and originated from malformed panicles overhead. Seedlings were propagated in 
secluded nurseries and replanted under infected mature trees, 9 months after germination. Six months 
later, all the sampled seedlings were sectioned into six parts each. I0 cm in length (apical infected tissue, 
20, 30.40, 50 cm fiom top, and root sections). One cm pieces of each infected panicle and each 10 cm 
portions of the seedlings were further subsectioned into 10 pieces (approximately 1 cm per piece) and 
then plated on the F~iirsaririm-specific medium to determine presence of the pathogen or other Frrsarirm~ 
species. Subsequently, samples of all the fungal growth from the different tissues were verified by 
species-specific PCR for the presence of F. mangtterae. 

DNA samples, extracted Gom the fungal cultures that grew from the infected panicles and seedling 
subsections, were amplified with species-specific primers for F. mang~terae to verify presence of F. 
n~an,q~fime. Presence of the pathogen was detected by a 608 base pair fragment (Fig. 3) in 100% of the 
malformed panicles originating Gom the mature trees, in 97% of seedling apical meristem section, and in 
sections 20,30,40.50 cm from top and roots at levels of 30, 17.4.5 and 5%, respectively (Fig. 4). 

Figure 3 Figure 4 

In summary, it appears that negligibk kvek of iaecmhun sumve in soil, both as naked spores and 
in diseased panicks. S i t e  plants did not show symptoms after root infection, soilboroc moculum 
does not appear to induce fotiar symptoms of tbe disease. Io Egypt m d  Israel ntiliution of 
molecular markers dclermined that inwlllom of the pathogen is airborn with infections in 
seedlings descendmg from top to lower stem sections and roots. Although minor infections of roots 
may occur from iaecllfirm that originaim fmm infected panicles, thc patbogto is not systemic. 

vi) Determine whether h o w  fide isolates of F. ol-vsaunrrn can cause malformation after soil and foliar 
inoculation of the host. Since isolates of E olysponrm have not been recovered from malformed mango 
trees in Florida and Israel, only isolates 6om Egypt were to be studied. 



All inoculations with these born fide Fwarium isolates did not yield disease symptoms after 
seedling inoculation indicating that only F. ncangiferae is  the causal agent of disease in  the Middle 
East region. 

vii) Role ofAceriu marlptferue in vectoring F n7ut1aifeme. 
The role that the mango bud mite, A. morrg!feme, plays in moving F. nrangtfeme within and among 
seedlings (Stemlicht, and Goldenberg, 1976) was investigated using a pathogenic isolate of the fungus 
that is marked with a green fluorescent protein (gfp). Mites collected &om infested buds in the orchard 
were exposed to the gfp-marked E mungtfeme isolate and. after 24 hours, were removed and mounted 
for microscopic observation; gfp-marked spores were obsewed on the mites (Fig. 5 ) .  

Figure 5. Gfb-marked 
spores were observed on mites 
that were placed on agar plugs 

b e ~ g  the marked strain 

Spoms of the pathogen did not attach to any particular pari of tbc mite's body, but the mite was 
ckady capable of bearing these pmpagules of the pathogen. 

A vectoring experiment was performed on potted mango plants, in a controlled environment growth 
chamber with 25C0f2 Co and 14:10 L:D. The plants were fumigated twice with dichlorvos 2 weeks 
before the beginning of the experiment to ensure that they were void of mites or insects. The base of the 
stem was ringed with a sticky barrier to prevent infestation by ambulant arthropods. Each plant was 
placed in a disinfested plastic cage and was treated with one of the following four treatments: treatment 
1- 100 mites were placed on two 5mm2 agar plugs with the gfp-marked isolate. The agar plugs beating - 
bud mites and the gfp-marked pathogen were then placed on a leaf, approximately 5cm away 6om an 
apical bud; treatment 2- 100 mites were placed on two 5mm' agar plugs without the fungus and then 
placed near an apical bud as described above: treatment 3- two 5mm' agar plugs with the gfp-marked 
isolate were placed near an apical bud: treatment 4- untreated control. Four apical buds were inoculated 
in each treatment and the experiment was repeated 5 times. Two days following inoculation the apical 
buds were inspected under a stereomicroscope and the bud mites were counted. Then, the gfp-marked 
spores (if present) were washed from the bud bracts and plated on a selective media amended with 50 
pg/d hygromycin. After 5 days, the gfp-marked colonies were enumerated on theplates. 
Bud mites were found in 25% of the inoculated buds of treahent (inoculation with bud mite and with 
gfp-marked spores) and 35% of those in treatment 2 (inoculation with bud mites), showing clearly that 
the bud mites could orientate themselves 6om the adjacent leaves to the apical bud. Bud mites were not 
found in treatments 3 (inoculation with gfp-marked spores) and 4 (untreated control) wllich confirms that 
the plants used in these experiments were not infested prior to the initiation of the experiment. The gfp- 
marked spores were found in bracts of 25% of the inoculated buds in treatment 1 but not in buds fmm 
other treatments. 



To conclude, the mango bud mite can carry spores of F. rrrcrrrgifcrcrc on its body and transfer them 
to the infection court of apical buds of the mango host. 

b. Control 

(i) Investigate controlling ~ilalfornlation with combinations of niiticides and different protectaut and 
systemic fungicides. 

From previous and current work it was shown that the bud mite does not cause malformation, and 
that F. rrrcmgifcore can cause the disease when the mite is not present. Therefore, chemical control 
experiments focused on the fungus, not the mite. 

Che~llical co~ltrol of the disease 
New fungicides were assessed for their effectiveness 111 irr i.irr-o followed by irr 1.11.0 experime~~lts. 
Nu~ilerous experiments were conducted to screen fungicides for the ullubition of F. ri~rr~ig~fercre irr i,irro. 
The ~llost effective were: prochloraz (ED!,, (50% pathogen mortality) = 0.01 ~lglml): siglum (0.7 ~lglnll) 
and famoxado~~e (I  1. ~~glnd) .  Since prochloraz was ~llost effective. ulfi~sions and sprays of this filngicide 
were assessed for d~sease co~~trol UI affected orchards. Two types of applications were tested for impact 
on the nunibers of nlalfom~ed panicles and yield, In Ein Haclioresh. Sharon coastal region. i~lfi~sio~ls of 3 
L per tree were made three tinies (sunllller, winter and spring before flowering) (Table 7). In the Volcani 
orchard. sprays (250 pp111 a.i.) were applied at various times before flowermg (Table 8). 

Table 7011trol of malfor~llat~on by prochloraz ~nf i l s~o~i  of ~nfected trees (En Hachoresh, Sharon, 2003) 
Treatment No nlalformed pau~clesltree 
Date 1014 22105 23107 Totals Y~eld (fm~tltree) 
Cant101 9 8a 13 2a 13a 24 2a 50 6a 
Pnmmg 9 l a  14 Oa 2 Oa 25 l a  50 8a 
Prochloraz u~f i~s~on  10 8a 14 7a 18a 27 3a 52 5a 

Table. Prochloraz field experinlent #2 for control of ~llalforniation (Volcani orchard) 
Treatment Total panicles Malfornied ~anicles % infection 
Control 292 51 17.5 a 
Prochloraz spray 43 7 3 0 6 8 b  

Columns with % infection having a different letter are significantly different (Pi0.05). according to 
paired t-tests between treatments. 

No significant reduction in disease was evident due to prochloraz infusion. It appears that the 
fungicide does not move within the plant, but is adsorbed a t  the application site in the tree trunk. 
However, spray treatments appeared to reduce disease incidence. 

Additional experime~~ts with sprays and co~~tmuous drip imgation of this fungicide were conducted for 
assessulg the potential for control in affected orchards. Sprays (250 ppm a.i.) and drip (500 ppnl a.i.) at 
various times before flowering (Tables 9 to 14) were applied to assess inlpact on the nu~llbers of 
~llalfonl~ed panicles that developed relative to nontreated co~ltrols. 



Table 9. Pmchloraz field e q .  #3 (Cholit, Negev) for control of malformation on 'Keitt' (2005) 
Treatn~ent Total panicles (avltreei Malformed panicles (avltreei Infection (%1 
Control 66.0 16.0 16.7 a 
Prochloraz (Early sprays) 70.6 7.8 11.0 a 
Prochloraz (Late s~ravs)  74.0 8.0 10.8 a . - .  
Prochloraz ( ~ a r l y  & late sprays)73.0 8.7 11.0 a 
In each treatment. 12 trees were inch~ded - three Der block 111 4 blocks. Averaee ~anicles per tree were - .  
recorded (Early sprays = 6 sprays: 116.1416.2816, 1317,2717. 1018; Late spray = 6 sprays: 1311.2611, 1012. 
2412. 1313,2413; Early and later sprays: con~bination of the a b o v ~ ,  12 sprays). Colunuls with % infection 
having the sane  letter are not significantly different (P<0.05). 

Table 10. Prochloraz field exp. #4 (Cholit, Negev) to control ~nalfornlation on 'Tommy Atkins' (2005) 
Treatment Total panicles (avltreei Malformed pauicles (avltree) Infection (?.:&) 
Couttol 74.8 17.4 23.3 a 
Prochloraz (Early sprays) 40.0 10.8 26.8 a 
Prochloraz (Late sprays) 51.2 12.7 24.8 a 
Prochloraz (Early & late sprays)68.6 11.5 16.8 ab - - 
Each treatment contained 12 trees - three per block in 4 blocks. Average panicles per tree were recorded 
In each treatn~ent, 12 trees were included - three per block in 4 blocks. Average panicles per tree were 
recorded (Early sprays.= 6 sprays: 116.1416.2816. 1317.2717. 1018; Late spray = 6 sprays: 1311. 2611. 1012. 
2412. 13N.2413; Early and later sprays: con~bination of the above. 12 sprays). Colunms with % infection 
having the sane letter are not significantly different (P<0.05). 

Table 11. Prochloraz field eltp #5 (Mishnlar Hasharoll. Sharon) to control maltbm~ation on 'TOIIUIIY 
Atkins' (2005) 
TI-eatnlent Total panicles lavltreel Malformed paucles Infection (?.&l 
Control 195.5 53.6 27.4 ab 
PI-ochloraz spray 243.5 56.7 2T3 a 
Prochloraz drip 193.3 63 4 32.8 b 
Each treatment contained 42 trees. 7 trees per block, total of 6 blocks. Average panicles per tree were 
recorded. Pmchloraz spray a ~ d  drip treatments were as  follow: Sprays conducted: 2511 1; 3/12; 12/12; 
20112; 27/12; 1011; 2311; 1612; 23;2; 713. Drip of 1 L 80 ppndtree conducted: 14/12; 211; 2011; 912; 2712; 
1613; 514; 2014. Colu~uns wit11 '?A infection having the sane letter are not significantly different (Pi0.05). 

Table 12. Prochloraz field exp. #6 (Volcani) for control of n~alfom~ation (2005) 
Treatment Total ~anicles (avltree) Malformed panicles (avltree) Infection (74) 
Control 151.3 9.2 6.1 b 
Prochloraz spray 145.7 3 1 2.1 a 
Procl~loraz drip 186.8 7.2 3.9 a 

Table 13. Pmchloraz field exp. #7 (Mislmlar Hasharon, Shamn) for control of malfor~nation on 'Ton~my 
Athns' (2006) 
Treatment Total panicles (avltree) Malformed panicles Infection (%) 
Control 3834 2130 55.6 a 
Prochloraz spray 1190 595 50.0 a 
Prochloraz drip 3565 1364 38.3 b 



Each treatment contained 42 trees. 7 trees per block, total of 6 blocks. Average panicles per tree were 
recorded. Prochloraz spray and drip treatnlents were as follows: Sprays conducted every 2 weeks; Drip of 
I L 80 ppnutree conducted continuously. Colun~ns with % infection havulg the same letter are not 
sig~ificantly different (Pi0.05). 

Table 14. Prochloraz field exp  #8 (Cholit. Negev) for control of 111alfo1-n~ation (2007). 
Treatnlent Malformed panicles (% of total) 

To11my cv. Keitt cv. 
Control 19.6 a 26.3 a 
Prochloraz spray 13.4 b 19.3 b 
Reduction (%) 31.7 26.4 
Significance P=0.0013 P=0.02 
Colunlns with % infection having the sane  letter are not significantly different (Pi0.05) 

In summary, prochloraz, applied as a spray or drip, has the potential to reduce disease in the field, 
but must be applied at the correct time. Critical periods when infection occurs need to be 
determined, as these could focus application schedules. 

[ii) Deter~nine wilether A. r t to~~~~fc . roe  facilitates i~lfection and disease develo~n~ent. and if its vovulations 
fluctuate during d i e ren t  seasons or pl~enolonic stages of the host. 

Facilitating fungal penetration - quantitative evaluation 
The experinlent was perforn~ed on potted plants in a controlled environmental chamber. Each plant was 
placed in a disll~fested plastic cage and 40 apical buds were iuoculated with a lo"@-marked spore 
suspension and either allended or not an~euded with bud mites that were collected fron~ an orchard (50 
~nites per bud). Three weeks post-inoculation apical buds were separated into bracts, surface-sterilized 
and placed on F~~sorttrrrt-selective media. Fungal growth was evaluated after 5 days and two parameters 
were measured: 1. Frequency of infected buds calculated by the percentage of infected buds in the 
treatnlent using a Pearson statistical test to compare the two treatnlents (Pi0.05); 2. Severity of infection 
by calculating the average number of infected bracts per bud and the nleans of the two treatments were 
conlpared using Tukey-Kramer analysis (P<0.05). 

Significantly nlore apical buds (Fig 6A) and bracts (Fig 6B) were infected when nlltes were added after 
inoculation with the gfp-p-lnarked strain o f F  nla~r,~~fente.  

Aceriu ntu~zgrJimue enhances penetration of mango bud tissue by F. nrungiferue, perhaps through 
wounds it creates on the bud bracts while feeding. However, the pathogen is capable of penetrating 
and colonizing tissue without assistance from the mite. 

Aenal dissenllnation of spores 
Fungal spores were trapped in the Volcani mango orchard using two methods: I .  A ~ u r k a r d ~ ~ v o l u ~ u e t ~ c  
spore trap. wi~ich sucked air at 10 liters per nllnute over adhesive-coated transparent plastic tape. for 
periods of 7 days. The adhesive tape was then washed and n~ounted on the Frrsnrirmt- 



Figure 6 
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selective medium to enumerate fungal colonies. 2. Petri dishes of the selective medium were opened and 
exposed to the orchard's environment overnight, then brought back to incubate in the lab and examined 
for the presence of F. ntutlg~feme colonies. 

To monitor wind-blom mites in the orchard, a free-rotating wind hap, made of a 9-cmdiameter PVC 
pipe, was mounted on a pole attached to a wind vane. The pipe's floor was covered with 70 sticky slides 
that were replaced monthly, then inspected under a stereo-microscope for the presence of mites and 
placed on the selective medium for pathogen detection. 

Spores of F. nlu~lg~firne were trapped using both methods. An annual peak of dissemination was detected 
with method 2 in the spring/early summer months (Fig. 7). Similar results were obtained with the 
~ u r k a r d ~ '  trap where higher numbers of spores were caught early in the summer months (MayIJune) and 
declined towards the end of the summer. A. mattgijieme was trapped throughout the season, but F. 
martg~krne was not detected when the mites were placed on the selective medium. 



Figure 7 

Spores of F. nmngryerae can reach mango buds mdependent of tbe bud mite. Thus. the mite may 
not play an essential rok in disseminating tbe parbogen among irees. 

b a t i o n s  of bud mite b owl at ions during the growing season 
Mites were counted in closed buds that were collected d u ~ g  the growing season. There appeared to 
be an increase in populations in the warmer months. Each bar in Fig. 8 represents an average of 60 
apical buds. 

Figure 8 

In summary. A. mngifeme can carry spores of F. mngiyeme on i h  body and move tbem into 
apical buds, which are important infectiou courts for the patbogen. The mite also increaws 
infectiou of buds and bud brach by the pathogen via its feeding wounds. Fially. since the 
fungus was not recoverrd from wind-blown mites it does not appear that they play a significant 
rok in aerial dissemination of spores. Mites are present most of the year but in higher numbers 
during hotter montbs. Thcse resub  support previous speedations on tbe involvement of A. 
nwngifrae in tbe epidemiology of mango malfowation (Ploeh. 2001). 

{iii) Resistance/susce~tibililv of mango genotypes 
To assess the resistancelsusceptibility of different mango genotypes to malformation, several 
experiments were conducted with single-spored isolates of F manig~firar and grafted plants. 
Inoculations utilized previously described pmtocols (Freeman et al., 1999). A pronounced relationship 



was observed between the lend1 of time the inoculated apical bud remained dormant after inoculation 
and whether, and extent to which, disease developed (Figure 9 and data not shown). Isolates 
var~ed on virulence (TablelSa and data not shown), and latency (the time between inoculation and 
symptom development) ranged from 40 to >200 days, further complicating this objective. Overall, 
there were pronounced differences in hsease development on different Egyptian and Israeli cultivars 
(Table 15b). In agreement with anecdotal reports, little malformation developed on the Egyptian 
cultivar 'Zebda' in these experiments. Reasons for variable reports on the susceptibility of 'Ewais' (its 
susceptibility ranged fro111 low to high) were not clear; in these experiments it was moderately 
susceptible (Table 15b). In contrast to previous reports, embryony was not related to disease reaction 
(Table 1 Sb). 
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Table 15 b. Malformation del-elopment on mono- and pol?.embnonic mango cultil-ars from Egypt. Israel and else~vhere" 
Published / 

Legends for Tables 15 a and 1 %  
Totted. grafted plants were ~vound inoculated with three isolates of F~lsol.irfm nlong(@r.~re as described b!- Freeman et al. (Ph~,topoti?olo,g, 89:456- 
4151). Mean disease ratings among cultivars lvithin a c o l u m ~  are either not significant (ns) or differ ~vhen not followed b: the same letter (DMRT 
P < 0.05). 
h lnc = disease incidence. the proportion of plants that del-eloped s!.mptoms (0  =no disease: I = any disease). 
'Sel- = disease sel-erit!-. I\-hich \\-as estimated on a visual I (no s\mptoms) to 5 (selere) scale. 



Time, length of bud dormancy, isolate and rultivar aU affected disease development. Vilwlent 
isolates, patience and suflicient replication (no fewer than six plants per treatment) are needed 
to successfully conduct screenings for response to malfornlation. Futnl-e work should assess 
response of a greater range of cultivars, and investigate what attributes are related to and 
might predict resistance to lhis disease. 

r. Po~ulat ion bioloev and aathogenicitv 

hlvest~gattt the ~ovulattor~ biolog..+~d patlloueoic d~\.ers~ty of 1.1 rrxr/r.c!f;~r.~r~~ 
I. nr~rrr,qrt~~ro~~ fro111 Israel ( 140 isolates) zll~d Egypt (447 isolates) were collected fion~ representative 

~ ~ -~ - 

locations in each cou~ltry where malfornlation is present. Vegetative conipatibdity (,VCG) 
was conducted on isolates fi-0111 each country. In Israel, a siugle VCG (VCGS) was co~f i r~ned  
wliereas UI Egypt n~ultiple VCGs (VCGI, 2, 3 and 4) were found (Zheng and Ploetz. 2002). DNA 
was extracted for population diversity sh~dies. Species-specitic primer identification of F. 
riiottg~firue and arbitrarily primed-PCR for genetic diversity studies (Freema] et a].. 1993) was 
perfor~iled on representative isolates fro111 different regions in each cotultry (Fig 9, Egypt; Fiz. 10, 
Israel). Variat~on UI pathogenicity of certain isolates was evident (see previous section 011 

resistancelsusceptibility of mango genotypes). 

The polymerase chain reaction amplification of DNA using 1-3 FIR specific primer pair 
reaction (Zheng and Ploek. 2002) was very reliable in identifying F. irrrrrigi/Pnre in both Israel 
and Egypt. In Egypt F. ntnrip~erne populations are genetically diverse (VCG and molecular) 
suggesting multiple introductions of the pathogen into the country may have occurred. In 
contrast, a uniformlrlonal exists in Israel indicating a single introduction. 

d. Diaenosis 

(i) Isolation of s~ecies-s~ecific primers based on ap-PCR and ITS sequence analysis 
Species-specific primers (1 -3 F/R specific primer pair: Forward -TGCAGATAATGAGGGTCTGC 
alld Reverse - GGAACATTGGGCAAAACTAC) from the lab of Ploetz (Zheng and Ploetz. 2002) 
were developed and successfilly adapted in the labs of all partners. These pn111ers were used to 
confir111 the identity of the species E rrrnrrg~firtre (see Figs. 9 and 10). 

[iit Isolatio~~ of soecies-specific ~rinlers based on genonuc and cDNA libraries 
The designated species-specific primers are working successfully and reliably for the identification 
of F. nrcr~rg~firac therefore it was not necessary to develop additional specific prinlers based on 
genonuc and cDNA libraries. 

(iii) Pathocell detection within host tissue. 
In cooperative work with the USDNARS subtro~icd research station in M1a1111, irr ularita assavs for 
F nrnngifiroe were conducted with the desctibeb 113 FR PCR prin~er pair. Three different types of 
tissue were assayed: 1) branch nlaterial from previously malformed trees that had been pnlned to 
relnove ~llalfornled tissues; 2) branch and root collar samples fro111 plants that had been planted in 
soil infested with a rrit mutant ofF.  niarrgifir-ae; and 3)  branch and bud niatenal from plants that had 
been artificially inoculated with F. niarigifir-or. Only one of the plants in sanlple set3 had symptoms 
of nialforniation. 



Figure 9 
Alexandria Governorate 

Figure 10 PCR ANAl.YSH IlllhiG PRIMER (('.41;)5 OF 
FI  '.VARIL'M C.\llSINC M9NC;O ~l~\L.FOH31ATIO1 

A B rl N 

Figs. 9 and 10. (A) Polymerase chain reaction amplification of DNA using 1-3 F/R specific primer 
par reaction with amplification of the 608 bp single band (Zheng and Ploetz. 2002) and (B) RAPD- 
PCR products of different isolates of F. murig~firue collected from various Governorates in Egypt 
and Israel. 



Each tissue sanlple was split lou~jtudinally in two. one half of which was taken to the USDA station 
for PCR analysis, and tl~e other half of which was processed for isolation of F. nian,q~fcrae. PCR 
assays were conducted with total DNA that was extracted fiom sanples, amplified with the 113 FR 
primer p l r .  and run on an automated DNA sequence analyzer. Results fiom these assays co116rm 
that the 113 FR primer pair amplifies DNA of F. r~ialig~firae in culture (myceliun~). as well as in 
total DNA isolated from infected plant tissue, even when that tissue did not display symptoms. 
However, these results were inconsistent in that there were three times when the fungus was isolated 
in culture, but was not detected 111 total DNA by PCR: conversely, the pathogen was detected in one 
sanple fro111 wllich it was not isolated. Although the reasons for these inconsistencies are not clear, 
they may relate to the inconsistent. patchy distribution of tile pathogen in infected tissue. 

It was confirmed that the 113 FR primer pair amplifies DNA of F. rrmngi/Ernc in culture as 
weU as in total DNA isolated from infected plant tissue, even when that tissue did not display 
disease symptoms. However, inconsistencies were evident, probably due to sampling method 
and uneven distribution of the pathogen within iufected plant tissue. Future work must 
address this problem if in plnnta diagnosis of this pathogen using these primers is to become 
reliable. 
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6. Impact Relevance and Technolow Transfer 

Mango malforn~ation disease is the most important disease of mango in the region being a major 
co~~straint to a successful crop in both Egypt and Israel. All niango growers. especially in Egypt and 
Israel, have and will continue to benefit greatly from the improved kuowledge of etiology. basic 
epide~niology a ~ d  spread of the disease: knowledge on cultural control, and use ofnew che~uicals for 
disease control; and the accurate diagnostic tool for pathogell detection. An addihonal benefit. not 
directly associated with the original project aims. was to distribute a guide to approximately 3000 
local Egyptian farmers on how to cultivate disease-free propagation rnaterial. It was observed that 
infected seedling originating from infected mature orchards were the ~najor source of disease spread 
when establishing new orchards with this propagation material. The in~pact of this knowledge will 
certainly contribute to expanding mango productivity in Egypt and lead to in~proving yields due to 
reduction of disease incidence in newplantings. 

The laboratory of Dr. Shalaby at the Agricultural Research Center in Egypt is now excellently 
equipped with all the modem n~olecular diagnostic equiplnent mostly due to generous funding from 
this MERC project (M21-030). All the scientists u~volved in the project. from Israel and the United 
States worked very closely with their Egyptian couuterparts to establish the most appropriate 
tecl~nologies for diagnostics, and understa~ding epidemiology and control of the disease. Israeli and 
Egyptian students conducted part of their theses on the disease epide~uiology. fiu~gal-mite interaction 
and n~olecular typing of the Egyptian isolates. Substantial interaction between the Egyptian and 
Israeli research tean~s took place during all stages of the project. At least five annual n~eetings were 
arranged during the project lifespan, 111 E g p t  and the US. with another meeting taking place in the 
main mango region of Spain. Dr. Freeman traveled extensively to Egypt within the context of the 
mango project (M21-0SO) and will continue to travel regularly to Egypt as part of another ongou~g 
MERC project (M24-022; Disease-indexing and mass propagation of superior strawberry cultivars) 
with a projected t e n ~ i ~ a t i o n  date 111 2012. Tl~erefore. conth~ued ~neet ing  with Dr. Shalaby will take 
place on some of these occasions. 

Solvu~g the problelns associated with mango malformation will not be limited to the lifeti~ne of this 
proposal. Mango malforn~ation is a serious disease known and researched for over a century 
worldwide. therefore. an active continued excl~ange of research ideas and results will be fostered by 
this project. In addition, local decisions will have major i~npact at the regional level mainly due to 
similar climatic and biological conditions in conunon in bod1 Israel and Egypt. Therefore, inutual 
f i ~ h ~ r e  decision n~aking based on t l~e  results of this research pmject. at the agricultural levels in the 
field, will certainly be adopted by both covntries. These decisions will have long tern] implications 
for the filture of inango cultivation 111 both countries since n~ango is a long-tern1 crop wfiich will 
outlive the lifeti~ne ofthis pmject. 

The ll~formation derived fiom the project has been disseminated by the Israeli a ~ d  Egyptian 
Ministries of Agriculture and by their bulletins. People directly involved in the project, researchers 
and students alike, have been regularly in  direct contact with growers and the grower's organizations, 
and have dissen~inated infornlation by lectures. visits and articles 111 trade and i~lternational journals. 
Impact of the project's results will have a direct effect on production by elevating yields, producing 
disease-fiee propagation material and contributing to extensive new field plantu~g. 

Future studies are ongoing and a continuation research proposal with the current researchers within 
the context of the USAID-MERC program is now in the planning. 



7. Proiect Activities/Out~uts 

Meethles within the context of the ~roiect: 

I .  The 2003 annual a ~ e e t h g  took place at U n .  Homestead. Florida from 6-12 July, 2003, attended 
by Drs. Freeman, Palevsky. Ploetz Shalaby and Sattar. We were most fortunate to have Dr. Jorge 
Pena of UFL participate in our discussions and contribute his knowledge on mite infestation of 
mango. At this meeting the workplan was discussed and experiments planned. 

2. The 2004 meeting was held 60n1 19 to 2 2 d F e b ~ ~ ,  2004 to discuss progress according to the 
workplan. assess Egyptian studies in the lab. gree~d~ouse, and field, and to collect nutes and infected 
material. Participants included Daniel 0. Hasting (Second Secretary) US Embassy; Dr. A. Reinhart 
(USALD-MERC): Drs. Sattar and Shalaby (Egypt). and Drs. Freenlan and Palevsky (Israel). 

3. Dr. Freeman traveled to Egypt Gom 16" to 23" April, 2004 to conduct field experiments 111 
Sharkia and hmailiya with Shalaby, to deter~nine whether the source of distribution of ~nalforn~ed 
~naterial is via seedlings. 

4. Dr. F r e e ~ n ~ n  traveled to E pt to coordinate results and plan fi~ture experiments with Shalaby %? during the period fiotn 23-26 December, 2004. 

5. The 2005 annual meeting took place in Alexandria, Egypt fiom 28" to 3 1" March. 2005. hl this 
meeting, research progress, coordination of results and rnuhld publications were discussed. 
Exceptional cooperation and collaboration was expressed. All participants were present at the 
oleeting: Drs. Freenlan and Palevsky (Israel). Ploetz (USA), Shalaby. Sattar, 3 other senior scientists. 
and 5 postdocs and students G o ~ n  Egypt. In attendance was also Dr. A. Reinhart and Dr. H. 
Hanlrousll fro111 the USAID mission. 

6. Dr. Free~nan traveled to Egypt 5-8" January, 2006 to finalize lnuhld co-authored publications 
with Shalaby. 

7. The 2006 annual project nleeting took place from 13-17" September at the Estaci6n Experimental 
La Mayora, Algarrobo-Costa (Malaga), Spain. At the meeting, the group interacted with Spanish 
researchers worhng on mango rnalforniation. participated in field excilrsions to mango growing 
areas and exchanged views and ideas which were very beneficial to all participants. 

8. The 2007 annual meeting took place from 16-18" May 2007, at the University of Florida. TREC, 
Ho~nestead facilities. At the meeting. the group interacted with researchers at the Un campus. The 
participants also toured the Williams Farm contairung a worldwide mango collection and deals with 
research at the Fairchild Tropical Gardens. Dr. Richard Canlpbell was the host. An additional tour 
was conducted to the USDA-ARS National Germplasm repository for mango. where Dr. David 
Kolu~ and Mike Winterstein were the hosts. 

9. Dr. Freeman will meet again with Shalaby from 8-15" November 2007 (while traveling to Egypt 
within the context of MERC project M24-022) to discuss future plans and proposal subnusslon to 
USAID for contu~uation of the project. 



Two training periods were conducted. 
1 .  Drs. Palevsky traveld with Freeman to Egypt in Febn~ary 2004 to collect mite sampled in mango 
orchards. During this visit the "art" of sampling and the methods of nute detection were 
dellionstrated in the field. 

2. During a visit to Egypt UI April 2004, Dr. Freeman set up field experiments and demonstrated 
methods of isolating the fungal pathogen from infected tissue while worklng in the lab of Dr. 
Shalaby with students and other persomel. 

Joint, co-authored publications 

I .  A pan~phlet was prepared (see below) for distribution to over 3000 Egyptian farmers to educate 
them in cultivation of seedlings separate fiom mature orchards since the pathogen is spread in the 
orchard to the seedling and this way the disease is hrtherexacerbatd. 

2.  A joint publication entitled "Mango malfomlation: source of disease in seedlings cultivated in 
infected orchards in Egypt" by S.A. Youssef, M. Maymon, A. Zveibil, D.  Hein-Gueta. A. 
Sztejnberg, A.A. Shalaby and S. Freeman was presented by Freeman during the 2006 International 
Manso Sy~~mposium, held from 5'-10' Febnrary in South Africa. 

3. The proceedings of this study are currently in press in the international publication Acta 
Horticulturae: 
S.A. Youssef, A.A. Shalaby, A. Sztejnberg. M. Maymon, A. Zveibil, D. Klein-Gueta, and S. 
Freeman. 2007. Mango Malformation: Source of Disease in Seedlings Cultivated in Infected 
Orchards in Egypt. Acta Hort. (in press). 

4.  A peer reviewed article was publish4 in the prestigious British Society of Plant Pathology 
journal. Plant Pathology (see below): 
Youssef, S.A., Maymon. M., Zveibil, A.. Klein-Gueta, D., Sztejnberg, A., Shalaby. A.A.. and, Freeman, 
S. (2007). Epide~lllological aspects of mango malformation disease caused by Frrsnr-irmi nmrigrferae and 
source ofinfection in seedlings cultivated in orchards in Egypt. Plant Pathology 56:257-263. 

5 .  Additional mutual publications in preparation: 

A. Geuetic diversity of Frrsarirmt isolates causing niango malformation in Egypt and Israel. 
B. Interaction of the mite. Are!-ia nirrrr,q~ferne and the fungus F~rsnr-irrm ntnrt,q~@r-ae in mango 
malfor~uation disease. 
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8. Proiect Productivity 

All the proposed goals of the project were accolnpllshed besides the iri ylurrfa diagnosis of the fungus in 
infected tissue. Diagnostic inconsistencies were evident. probably due to die sampling method a ~ d  
uneven distribution of the pathogen within infected plant tissue. Future work must address this 
probleln if irr ylurtf~~ diagnosis of the pathogen using the current primers is to become reliable. 

It should be further enlphasized that during excursions in the fields of Egyptian mango fanns, the 
researchers observed that nurseries containing seedlings were established in infected mature 
orchards under malforn~ed canopies. This led to infection of these seedlings and subsequent spread 
of disease via the seedlings that were sold to establish new orchards. A plan to limit the spread of 
disease via the infected seedlings was implemented by distribution of a pamphlet to approximately 
3000 snlall Egyptian farm holders, and establishment of new nurseries void of disease has hem. 

9. Future Work 

1. Deterl~ne the nature of seed infection in Egypt, crucial for maintaining disease-he propagation 
material. 

2. Deten~une whether mature h i t  is latently infected by spores that have geminated and penetrated the 
skm or whether the spores are passively "resting" on the surface and can be washed off or surface 
deconta~nated. This is critical for export of fruit to areas where mango malformation does not exist 
(eg. Australia). 

3. Effect of tenlperafi~re and hunudity on miteifungal interaction. 

4. Determine whether internal infection of buds can take place via ingestion of spores via tlie mite's 
body. 

5 .  Determine wi~ether presence of mite predators can influence bud mite populations and affect levels 
of disease incidence. 

6. Does growth rate affect disease severity and bud mite feedmg damage? If yes, could this be 
n~anipulated by root stock and growth honnones? Perhaps this manipulation could be important in 
developing and standardizing the ~nethodology for evaluating cultivar susceptibility. 

7. What affect do bud nutes have on disease development in floral buds? 

8. Continue sensitivityires~stance of maigo gem~plasm to malformation with emphasis on mechanisms 
of resistance. 

9. Monitor pathogen spread in orchards and determine whether a window period is present wiiich may 
be crucial for pathogen infection of buds. 

10. Can protection of buds h m  inoculunl of the pathogen reduce and or limit disease incideuce ? 

1 I .  Continue genetic diversity studies on Egyptian isolates in comparison with current data indicating 
that multiple F~rsarilrnt species h m  various origins wrldwide are involved in causing disease. 



First Annual MERC Meeting w W  fodr fiwm 6-12" Jdy 2893 at UFL, Homestead, FL, 
USA (left to e h t :  S. Inerar, E. Pa&v&y, R Pbeb, A. SPwhby md M. Srttar). 



Field t r i ~  to infected mneo ~lantatiens d u d  visit in E e v ~ t  (22J February, 20041: Including, 
Danklo. Hastings (2d !Secretary) US Embassy; Dr. A. Reinhart (USAIWMERC); Project 

investigators: Dr. M. Sattar, Dr. A. Shahby (Egypt) and Dr. S. Freeman, Dr. Palevsky (Isrid) 

Field tri o c ---, i k  (LR) Dr. S. Freeman 
(PI); Dr. S. Y d  ( E e  U); 4 f r d ' I 1 s )  Dr. E. Palevsky, Dr. A. 

smaby llllYBDr.M.Mtar 
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Second Annual MERC Meethag, Ak&, &y)( March 28-31", 2005 
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Third MERC preject p 
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(battern rew: LR, Ik's F m  -by, Ymmd,  Pksb 
and Samr) W tlb-e at EJI May- AhgamLcCwb, Spai.  13-17* 

September, 2 M .  prr(icipml~ (iop row) 
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Fourth annual MERC meeting held at UFL-TREC, Homestead Florida, 16-isth May, 2007. 

MERC project participants: L-R, Dr's Palevsky, Reinhart (USAID representative), Freeman, 
PI-, Shahby, Yousscf, and Sattar) 



ppmpb'iit dkkibuted to Egyptian farmers 



Mutual publication in Plant Pathology, co-authored by Egyptian and Israeli 
scientists 

Plmn kthn1ap)r (?a371 56,25226: Dd: 10.111 l~.lj(.S-3059.2U*;.0IS4R.1. 

Epidemiological aspects of mango malformation disease 
caused by Fusar ium mangiferae and source of infection in 
seedlings cultivated in orchards in Egypt 

S. A. Yaussef", M. Mayrnonb, A. Zveibip, D. Klein-Guetab, A. Sztejnberg'. A. A. Shalaby" 
and S. Freemanb 

M- mllfamarim, c d  by th. fumgus hunrhm nromn7nnq IS onc d tk maim disoas of h a  crop oscurriw 
tuorldGdc. This rtrdy m r  mn8rtcd rn inrexigm. arpcms of the epi&rr&bgy, soniml and qxradoi thc pachrgenin 
@ n d a n d a p m f i d r j l ~ d l i r g s ,  drmajairgdwhichirr ddvarrdinmlm~dadmcdrinFgypr. S m r d d m n i d a  
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Direct beneficiaries from the uroiect ( p e r s o ~ e l ,  students. farmers) 

Israel - 
Personnel: 

Technicians: 
Mrs. Marcel May~non "Genetic diversity of Frlsor-irmi nro~i,q~ferae isolates". 
Mrs. Aida Zveibil "S~wival  of Frrsaritmr nlarlg@rae prop~gules "1 soil", 

Students: 
Mrs. Danit Klein-Gueta (MSc.): "Epidemiology of the fi~ngus Frrsariunl srrhglr~ri~rar~s responsible 
for mango malformation disease". 
Mr. Zvi Neuman (MSc.): "Field experiments for the control of mango n~alfor~nation caused by the 
fungus F~rsari~~nr nrarlgtfiroe". 
Mrs. Efrat Gamliel-Atinsky (P11.D): "Interaction of the mango mite bud. Accritr nm~lgtferoe with the 
fungal causal agent of mango malformation disease, Frrsarir~nr ~llorlgiferwe". 

Faruis where field emennlents were conducted: 
Ein Hachoresli. Sliamn region, Central Israel 
Mishmar Hasharon, Sharon region, Central Israel 
Volcani Experi~nental Station. Central Israel 
Cholit, Negev region. Southem Israel 
Sufa, Negev region, Southern Israel 

Persom~el: 
Researchers: 
Dr. Ms. Sahar Youssef 
Dr. Hanan El Marzouky 

Techmiciais: 
Miss. Lydia Ad~nound 
Miss. Hend Mohanied 
Miss. Wesan Hosny 
Miss. Eman Abdella 

Studen&. 
Mr. Sam El Hamansy 
Mr. Ah~ned Mahmoud 
Mr Nour Saied 
Mr. Sherif Diab 

All these researchers. technicians and students participated in the study of all project objectives i.e.. 
epidemiology, s u ~ v a l ,  field experiments for the control of mango rnalfom~ation, genetic diversity 
of F~rsarirrni nrorigiferae isolates and interaction ofthe mango mite bud, Acer-io nmngferae with the 
fi~ngal causal agent of lilango malfornlation disease. 



Farms where field emeriments were conducted: 
Abdel-Hady Tantawy, El-Ferdru~ region, Ismailia Governorate 
Nabil Shehata, Ezz El-Din region, Isnlailia Governorate 
Heba Mostafa Heba, Sarabium region, Ismailia Governorate 
Mo11a111ed El-Asherey, El Sawah, AbuHamad, Shrkia Governorate 
Mohamed Ayoub, El-Sanagra region, Sharkia Governorate. 


