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ExecutIve Summary 

Root rot disease IS still the most devastatmg disease for mo!:>t of the avocado groWIng regIOns 

The maIO ObjectIve of the present project was to expand the reSIstance genetic !:>ources by 

development of tn vitro methods for IdentificatIOn and selectIOn of clones resl!:>tant to 

Phytophthora ctnnamoml and by collectIng and screening new avocado straInS throughout 

PhilIppIne WIld and avocado groWing areas 

To meet the mentIOned obJectives, the project has accomplIshed the follOWIng hIghlIghts 

1 Tissue cultures were developed from 8 species and vaneties of Persea, rangIng 10 their 

resistance to P ctnnamomi and plantlets were regenerated through somatic 

embryogenesIs tEmbryogenesls rangIng from 33 to 80% was observed In calli InItIally 

cultured on media With BSM + moculated roots Whole callI obtamed from treatments 

WIth crude filtrate showed embryogenesIs of 33 to 76% Some embryogemc CallI 

obtaIned from treatments With P ctnnamomi showed contmuous growth as 10dlcated by 

the Increase 10 the number of callus culture Most embryogemc callI showed 

differentIatIOn of shoot-lIke structure ThiS part of the project was summanzed as a Jomt 

artIcle of both research groups and was publIshed In Plant Tissue Culture and 

BIOtechnology,4 196-206 

2 The questIOn of how much the tIssue cultures can truly represent the mtact plants, In respect 

to resistance to P ctnnamomi, has been addressed A slgmficant correlation was found 

between the resistance of the plant sources and the response of calli follOWIng moculatIOn 

With the pathogen 

3 Two types of reactIOns were charactenzed NecrOSIs development and perOXIdase actiVIty 

The Visual assessment of necrosIs was sigmficant correlated WIth surface colour detectIOn of 

callus as defined by the 'L' parameter WIth a Mmolta chromameter and With spectroscopiC 

deterrmnatIOn of the colour of the extract The reSIstant ongmated calli expressed hIgher 

peroXIdase speCific actIVity than the susceptible ones, WhICh was In sIgmficant correlatIOn 

With the necroSIS development ThIS part of the work has been subrmtted for publicatIOn to 

Plant Cell Reports 

4 The consequence of the pOSitive tn ViVO / in vitro correlatIon IS that tIssue cultures can be 

relIably explOited for screemng and selection of new reSIstant avocado clones Actually, a 

new clone of avocado was IdentIfied as a moderate reSIstant by usmg the developed tn vitro 

system 

5 Two major components of the necrosis-InducIng factor In the crude filtrates of P ctnnamomi 

are the cell wall degradIng enzyme polygalacturonase and low MW compounds HIgh actiVIty 

of polygalacturonase was eVIdent as early as two day!:> after start of culture and mcreased 

afterward!:> ThiS suggests an important role for polygalaturonase 10 the pathogeneSIs of 

avocado by P cmnamonll We are stIll In the process of IsoIJtIng the component!:> of the low 

MW frJctIOn thJt CJu!:>es tissue necrosl'> Thl!:> component I'> Jbo heJt !:>table a!:> heat-treated 
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fractions still cdu~e necrosIs of callus tissue,; The Isolated components rrught be used a~ a 

selectmg pressure for In vitro screenIng and selectIOn of new resistant germplasm 

6 Thirty four avocado strams were collected from m 6 locatIOns throughout Philipp me 

vanous Sites, charactenzed for fruit qualities and screened for resistance to 

Phvtophthora root rot SIX strams were found to be apparently resistant to P 

ClnnamOml under field conditIOns These strams wIll be contmuously exammed for their 

commercial potential for bemg mtroduced m avocado orchards An effiCient and relIable 

screenmg method of IdentIfymg root rot resistant matenal was developed ThiS method 

used detached seedlmgs roots that were moculated With P ClnnamOml and followed for 

theIr reactIOn 

In conclusIOn tIssue culture system was proved to be reliable for bemg genetIc source of 

reSIstance to P cmnamoml Methods for IdentificatIOn of reSIstant callI were developed 

Inducmg necrosIs components were IdentIfied m the pathogen s culture These rrught be used for 

selectmg agent of resistant clones FIrst prorrusmg steps for plantlet regeneratIon from 

undIfferentiated tissue cultures were achIeved SIX avocado strams were selected from root rot 

mfected area of PhilIppmes, and one from the In vitro screenmg The progress achIeved m the 

present project enable usmg the tIssue culture for further mtenslve selectIOn of resl~tance 

mdividuals through somaclonal vanatIOn or mutagenesIs, or for rapId detection of new collectIOn~ 

from mfested fields 

Just from lookmg on the long list of the PhllIppme research team It IS eVIdent that researchers 

and other SCIentIfic staff from vanous SCIentIfic discIplmes (such as, tIssue culture, plant 

breedmg, pathology, plant phYSIOlogy, bIOtechnology and bIochemIstry) took part In thIS project 

There IS no doubt that thIS project Improves SIgnIficantly the profes';lonal skills of all the project S 

particIpants 

Research Objectives 

Root rot, caused by Phytophthora cmnamoml Rands IS the most destructive dIsease of 

avocado (Persea amencana MIll) world-WIde Includmg many developmg countnes m 

South and Central Amenca, Afnca, the Canbbean Islands, and m ASIa ChemIcal control and 

use of reSIstant rootstocks are the lOgICal solutIOns to the problem but these approaches are 

beset WIth lIrrutatIOns OWIng to the outcrossmg habIt and perennIal nature of avocado, 

conventIOnal methods of IdentIfymg reSIstant rootstocks are a problem Use of cherrucals IS a 

secondary chOIce because of detnmental effects to human health and the environment 

ThIS project aImed to explOit the use of In vitro culture to mduce resistance m avocado to 

P cmnamoml for productIOn of resistant rootstocks SUitable to the crop and partIcular field 

conditIOns 

To achieve the overall goal the tollowmg studIe~ were undertaken 



CollectIOn, evaluatIOn and charactenzatIOn of avocado strams from vanous parts 

of the PhilIppmes and from brael to Identify possIble sources of root rot resIstant 

rootstocks (PhilIppmes), 

2 Establishment of the In vltro culture and regeneratIOn system for dIfferent 

avocado specIes (Israel and PhilIppmes), 

3 Development of appropnate screenmg methods that WIll correlate In vllro 

resIstance WIth the mtact plant response (Israel and PhilIppmes), 

4 PartIal punficatIOn and charactenzation of necrosis-mducmg factor from culture 

filtrate of P ClnnamOnll for use m the mduction of resIstance (PhilIppmes), 

5 InductIOn of resIstance by somaclonal vanatIOn and In vltro dIrected selectIon 

and analysIs of putatIve varIants (Israel and PhilIppmes) 

The project has reached applied and SCIentIfic achIevements ApproXImately 7 avocado 

strams have been IdentIfied to be potentIally resIstant to P ClnnamOml These strams would 

have been tested under field conditIOns The In vitro selectIon system has been developed 

ThIs system could be almost readIly used for carrymg out the screemng and the selectIon 

expenments Avocado IS very dIfficult specIes for regeneratIOn Successful protocols have 

been developed resultmg plantlets regeneration, however the effiCIency of thIS procedure 

should be Improved The developed cell and callus cultures could be also explOit for genetic 

engmeenng and transforrrung resIstance genes to dIstmgUIshed avocado rootstocks 

7 
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Methods and Results 

The PhIlIppIne team 

1 0 CollectIOn, EvaluatIOn and CharacterIzatIon of Avocado Strams 

1 1 ObjectIves 

1 To select avocado strams wIth good hortIcultural charactenstlcs and resIstance to 
root rot 

2 To evaluate fruIt qualItIes of va no us avocado strams 
3 To provIde the project wIth matenals needed for screenmg work 

1 2 IntroductIon 

Avocado was first mtroduced m the PhilIppmes m the early 1890's However, despIte 
Its very early mtroductIOn It has not gamed the populanty enjoyed by other fruItS It IS 

grown m almost all parts of the country as a backyard fruIt crop but the leadmg regIOns are 
Southern Tagalog, Blcol, Western Vlsayas, Western Mmdanao and Hocos (Coronel, 1983) It 
IS consIdered as one of the most promlsmg fruIt crops m the PhilIppmes because It IS very 
nutntIOus It contams hIgh mOIsture, fat, Vltamm A and calones The avocado 011 IS hIghly 
dIgestIble and IS one of the most valuable of the unsaturated fatty aCIds Moreover, the 
avocado OIls IS reported to be the fifth of the most deSIrable 011 known as antI-cholesterol 
agents WhICh counteract the effect of hard, saturated ammal fat (PIerce, 1959) The fruIt IS 
well hked for ItS nutlIke flavor and buttery conSIstency The fruIt IS usually not eaten alone 
but always m combmatIOn With sugar and mIlk as dessert It IS also used commercIally as 
flavonng for Ice cream 

In VIew of the lack of a formal breedmg program for avocado m the PhilIppmes, thIS 
study aImed to collect, evaluate and charactenze avocado from dIfferent places In addItIOn 
to hortIcultural tracts, the collectIon was also screened for reSIstance agamst P cznnamoml 

1 3 HIghlIghts Of AccomplIshment 

On-SIte selectIOn and evaluatIOn of dIfferent avocado strams possessmg good 
hortIcultural charactenstlcs (e g prolIfic bearer) and apparent reSIstance to Phytophthora root 
rot were conducted m vanous avocado - grOWing areas where there IS hIgh dIversIty of the 
crops The dIfferent avocado strams were collected m the followmg places 1) Balete, 
Batangas, 2) TalIsay Batangas, 3) Tagaytay CIty, 4) Los Banos, Laguna, 5) Cebu CIty and 6) 
Davao CIty Owners were mtervlewed regardmg relevant mformatIOn about the tree These 
mclude the age of the tree, mfestatlOn of pests and dIseases, beanng habIt and other 
organoleptIc charactenstlcs FIve to ten fruIt samples were taken randomly from each 
selected trees and samples were brought to the laboratory FruIt qualIty evaluatIon was done 
on npened fruItS whIle Immature ffUlts were also collected and supplIed to the plant tIssue 
cultunsts 

A total of thIrty-four (34) avocado strams selected on-site for speCific charactenstlcs 
were evaluated for fruIt quahtles (Table 1 1) Out of these strams, four (4) were found to be 
promlsmg selectIOns m terms of fruit qualIty These selectIOns are medlUm- to big-frUIted, 
had thiCk. flesh and high edible portIOn In addition, they had supenor organoleptIc characters 
such as nutty and buttery taste, non-fibrous and absence of unpleasant flavors 



Table 1 1 ThIrty four avocado strams collected on-sIte and theIr Important fruIt 
charactenstlcs These strams were used m fruIt evaluatIOn and screenmg for 
resIstance to root rot The promlsmg selectIOns m tenns of fruIt qualItIes were 
mdlcated b'y astensk (*) 

Stram FruIt WeIght {g} Flesh ThIckness {cm} % EdIble PortIOn 
Balete 1 31959 152 7060 
Balete 2 29408 137 6721 
Balete 3 19226 073 5107 
Balete 4 25055 1 38 64 91 
Balete 5 40979 1 77 72 66 
Balete 6 20854 122 5829 
Balete 7 30569 129 7022 
Balete 8 30292 140 6328 
Balete 9* 29018 1 35 7213 
Balete 10 33691 137 6980 
Balete 12 35520 130 5412 
Balete 13 20495 1 15 6937 
Balete 14 25267 1 19 7329 
Balete 15 18769 105 5673 
Matma 1* 29454 1 21 7070 
Matma2 26262 1 19 6384 
TonI 1 58433 250 7863 
TonI 2 413 55 154 7050 
TonI 3 35432 200 7276 
Toni 4 30628 157 7591 
MIT 1 32265 1 73 6372 
MIT 2 32035 1 54 7232 
Bayog 1 38337 2 11 8334 
Bayog2 54130 231 81 85 
Cebu 1 16106 137 7046 
De Leon No 1* 34298 163 6894 
Calma 41919 1 58 7076 
Cardmal 32675 146 7523 
227* 44928 1 70 7982 
240 45169 193 7875 
MagnetIc HIll 26845 153 6841 
VIllegas 45620 209 7646 
Coronel 34360 1 92 7727 
R3H5 310 71 1 71 7380 

SIX (6) other avocado strams were found to be resIstant to Phytophthora root rot under 
field conrutIOns They were Tranca, Jolo, De Leon, Cardmal, Quarry 5 and Semile (Table 
1 2) The stram Tranca was denved from SCIOn collected from a tree that survIved from root 
rot mfestatIOn from a field of more than 50 trees AddItIOnal acceSSIOns were obtamed from 
TaIwan and Israel These strams and acceSSIOns were asexually propagated by graftmg and 
are bemg mamtamed m the screenhouse 

9 



Table 1 2 PotentIal root rot resIstant avocado straInS 

Stram 
Tranca 
1010 
De Leon 
Cardmal 
Quarry 5 
SemIle 

Number of Grafted Matenals 
99 
8 
4 
1 
4 
5 

(These straInS were propagated and the matenals are bemg maIntamed m the screenhouse 
These strams were observed to be apparently resIstant to root rot under field condItIOns) 

CollectIOn tnps were agam conducted m nearby avocado-growmg areas of Batangas 
and Cavite Seeds were collected, allowed to germ mate and the seedlmgs are now bemg 
mamtamed In the glasshouse The roots from these seedlIngs are bemg used m the screerung 
for P hytophthora root rot resIstance 

Screenmg work for resIstance to Phytophthora root rot reqUIres technIques whIch 
must not kIll the plant, or must leave a clone, SInce the tIssue culture group of thIS project 
needs susceptIble plants for InductIOn of resIstance Furthermore, replIcated expenments for 
screerung works are necessary for venficatIon The current protocol uses detached roots 
However, the use of mtact roots for screerung must be done smce there may be a bIg 
dIfference between detached and Intact roots Intact roots stIll have theIr vascular system 
actIve WhIch could absorb the tOXIn Marcottmg IS therefore a useful technIque In prodUCIng 
clones for screerung work 

Marcottmg of avocado plants utIlIzes eXIstmg procedures The growth regulator, 
Indole bUtyrIC aCId or IBA (50 ppm) IS used to mduce root growth Several plants were 
marcotted and roots are allowed to develop whIch would take about three months With about 
10% success To Induce development of branches for marcottmg, plants were planted m the 
field (FIgS 1 1 and 1 2) These plants are to be marcotted as soon as branches become 
avaIlable 

SUMMARY 

Four out of the 34 avocado strams collected on-SIte were found to be promISIng 
selectIons m terms of frUIt qualItIes These selectIOns were Balete 9, Matma 1, De Leon No 
1 and 227 stram They were medmm- to bIg-frUIted, thIck flesh, hIgh edIble portIOn and had 
supenor organoleptIc characters lIke nutty and buttery taste, non-fibrous and absence of 
unpleasant flavors 

Screerung for Phytophthora root rot resIstance was undertaken With the Plant Pathology 
group CollectIOn tnps were conducted In nearby avocado-growmg areas Seeds were 
collected, allowed to germmate m the glasshouse and the roots from the seedlIngs were used 
to screen for Phytophthora root rot resIstance SIX avocado strams were found to be 
apparently resIstant to Phytophthora root rot under field condItIons These were Tranca, 1010, 
De Leon, Cardmal, Quarry 5 and SemIle 

10 



The promIsmg selectIOns as well as apparently resIstant strams to Phytophthora root 
rot were asexually propagated by eIther graftmg or marcottmg and are bemg mamtamed m 
the screenhouse prIor to field-plantmg m Pasong KIpot, Tranca, Bay, Laguna 

0 0 0 
Dl-l B-24 VNV 

0 0 0 
SemIl MIT2-5 Batangas stram 

0 0 0 
Batangas stram MIT2-3 Batangas stram 

0 0 0 0 
De Leon TS 7 B 52 Batangas stram Batangas stram 

0 0 0 
Quarry 5 Dl-2 Batangas stram 

0 0 0 
Batangas stram B94 Batangas stram 

0 0 0 
Jol0 Semll Batangas stram 

0 0 0 0 
Cardmal Tahsay 4 Batangas stram Batangas stram Batangas stram 

0 0 0 0 
De Leon TS 7 Dl-3 Quarry 5 Batangas stram 

DIrt Road 

Guava Area (PK 1) 

FIgure 1 1 Layout of the avocado area m Tranca, Bay Laguna where branches are bemg allowed to develop for 
marcottmg of the plants 
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FIgure 1 2 PromlSlng avocado strams lIke Batangas stram (A) and Dl-l stram (B) collected 
on-sIte and are bemg planted m Tranca, Bay, Laguna 
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2 0 EstablIshment of the In vItro culture and regeneratIOn system for different avocado 
species 

2.1 Introduction 

Vanous types of avocado tIssue cultures (Persea americana MIll) have been 
developed and utIlIzed advantageously for several dIstmct purposes The avocado In vitro 
system, bemg aseptIc and fully controlled, has been used to study cytokmms bIOsynthesIs 
(Blumenfeld and GazIt, 1971), and the physIOlogIcal response of flower buds to 
envIronmental condItIons (Schroeder, 1975a) The htgh prolIferatIOn capacIty of shoot 
cultures has been utIlIzed for efficIent micropropagatIon of hortIculturally Important clonal 
vaneties of avocado and other Persea speCIes (Bamnger et aI ,1996) P schledeana and P 
americana CV Duke 7 were micropropagated as rootstocks reSIstant to the root rot dIsease m 
avocado orchards (Cooper, 1987, Gonzales-Rosas et ai, 1985, Harty, 1985) Parameters 
such as callI VIabIlIty, stem leaf and aXillary buds elongatIOn (Young, 1983), and 
morphogenesIs capacIty (Phego-Alfaro et al , 1987) were charactenzed for optImIzatIOn of In 
VItro shoot propagatIOn (Schroeder, 1975b, Schall, 1987) The rapId In VItro propagatIOn of 
the vegetatIve matenal was also utIlIzed for ehmmatIOn of vIroid-hke orgamsms causmg 
sunblotch dIsease (Nel and Kotze, 1982) 

Shoot cultures of P indica, a hIghly susceptIble host of the root rot pathogen P 
CInnamOml, were used to study the mode of pathogemc of the mrncated disease under 
controlled condItIons (Nel et ai, 1982, 1983, Nel and Kotze, 1982) 

Avocado callusmg and morphogenesIs were done mostly by usmg the MS basal 
medIUm (Murashige and Skoog, 1962), ennched WIth sucrose, vitamms and combmations of 
cytokmms and aUXInS (Bamnger et aI, 1996, Gonzales-Rosas et ai, 1985, Mooney and 
VanStaden, 1987, Nel et aI, 1983, PlIego-Alfaro and MurashIge, 1988, Phego-Alfaro et ai, 
1987, PruSkI et ai, 1996, Schall, 1987) However, other merna such as WPM (woody plant 
medIum, Lloyd and McGown, 1980, Cooper, 1987), Anderson mmeral salt and vitamms 
(Young, 1983) and DIxon and Fuller medIUm (Harty, 1985) have also been used for Persea In 

Vitro callusmg and mIcropropagatIon 

Embryogemc avocado callus has been developed from Immature zygotIC embryos as 
explants, on MS medIUm contammg the aUXin plcloram (Mooney and VanStaden, 1987, 
Phego-Alfaro and MurashIge, 1988) However, the capablhty for In VItro regeneratIOn of 
many woody speCIes, mcludmg avocado, IS restncted and seems to be lImIted to Juvemle 
matenal (Phego-Alfaro et aI, 1987) In fact, regeneratIOn of a complete and normal plant 
from callus tIssue of avocado on a large scale has not yet been achIeved Only a small 
percentage of green shoots and normal leafy plantlets was regenerated (Mooney and 
VanStaden, 1987, Phego-Alfaro and MurashIge, 1988) 

2 2 MaterIals and Methods 

2 2 1 Explant Source and Surface StenhzatIOn 

CallI from dIfferent Persea specIes (P amerzcana -avocado genotypes/cv/accessIOns, 
P burbonza and P cInarescens) were mduced from matureltmmature cotyledon/seed, leaves, 
stems, petIOle, mIdnb or roots obtamed from greenhouse or field grown plants Surface 

13 



stenlIzanon of explants vaned dependmg on developmental stage or plant parts -'Mature and 
Immature fruIts collected from field grown trees were soaked m detergent, nnsed m runrung 
tap and surface stenlIzed m pure bleach for 20 mm Cotyledons were excIsed aseptIcally and 
cut mto 10 mm sectIOns The embryo portIon was separated and germ mated In vitro The 
leaves, stem, petIole and roots from In vltro germmated seedlIngs were used for callus 
mductIOn 

For stem and leaf explants, healthy shoots WIth fully expanded leaves were used 
Leaves, stem and petIOles were separated, soaked m detergent, nnsed WIth tap water, soaked 
m 70% ethyl alcohol for 10 mm and surface stenlIzed WIth 40% commercIal bleach for 10-20 
mm followed by 10% for 10 mm and nnsed 5x WIth stenle dIstIlled water Stem, mIdnb and 
petIOle and leaf explants were cut mto 5 to 10 mm sectIOns 

2 2 2 Callus InductIOn 

The medIUm for callus mductIOn contamed Murasruge and Skoogs (MS) basal 
medIUm supplemented WIth 30 gIL sugar, 5 mgIL 2,4-D and 0 5 mg/L BAP (desIgnated as 
M14 medIUm) Mamtenance of callus growth was achIeved usmg the callus mductIOn 
medIUm (MI4), MS + 2 mg/L BAP + 1 mgIL IBA (BA2 medIUm) or MS + 5 mg/L NAA + 1 
mgIL kmetm (KI medIUm) 

All cultures (callus ImtIatIOn and mamtenance) were mamtamed m an aIrCOndItIOned 
room (25±2°C) under 16h lIght Callus growth was observed 4 to 8 weeks after culture CallI 
were subcultured onto fresh mamtenance medIUm (M14 or BA2, or KI medIUm) every 4 to 6 
weeks 

2 2 3 SomatIC EmbryogenesIs 

The effect of dIfferent growth regulator combmatIOns and the mfluence of dIfferent 
types of callI were studIed to mcrease the effiCIency of embryogenesIs and somatIC embryo 
regeneratIOn 

Yellow fnable callI (about 5 mmJclump) were cultured onto MS medIUm WIth 
dIfferent combmanon of BAP (0, 1, 2 and 4 mg/L) and IBA (0, 1, 1 5 and 20 mg/L) The 
best embryogenesIs medIum (MS +0 1 mg/L TDZ + 05 mgIL GA3, deSIgnated as RA3) 

developed m ACtIVIty 1 was mcluded as the control media treatment Callus regrowth and 
occurrence of embryogenesIs were taken after 3 weeks m culture 

The response of dIfferent types of callI produced m Expenment 1 upon culture onto 
MS + 2 mgIL BAP + 1 mg/L IBA (best medIum deSIgnated as BA2 medIum) was studIed to 
determme the best type of callus matenal for embryogenesIs and shoot dIfferentIatIOn Small 
pIeces (5 mm) of yellow fnable, green compact and yellow compact callI were cultured onto 
BA2 medIum Callus regrowth, embryogenesIs and shoot dIfferentIatIOn were taken after 3 
weeks of culture 

The occurrence of embryogenesIs, dIfferentIatIOn of shoots and subsequent growth of 
regenerated plantlets were compared usmg the embryogenesIs protocols developed m 
Protocol 1 used globular to cotyledon stage embryos, transferred to maturatIOn medIUm and 
then regeneratIOn medIUm usmg RA3 medIUm Protocol 2 used globular to cotyledon stage 
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embryos Without undergomg maturatIOn, transferred to RA3 regeneratIOn medIUm Protocol 
3 used embryogemc callI (yellow fnable to yellow compact callI) cultured onto BA2 medIUm 
Shoot dIfferentIatIOn was assessed after 3 weeks m culture 

23 Results and DISCUSSIOn 

231 Factors Affectmg SomatIc EmbryogenesIs and RegeneratIon of Avocado 

The effects of dIfferent growth regulator combmatIOns and the mfluence of dIfferent 
types of callI were studIed to mcrease the effiCIency of embryogenesIs and somatIc embryo 
regeneratIOn 

2 3 1 1 Effects of BAP and IBA combmatIOn m enhancmg embryogeneSIS 

FIve dIfferent types of callI (yellow fnable, whIte fine fnable, yellow to creamy 
compact, green compact and brown callI) were produced m all medIa treatments WIth or 
Without BAP and IBA (Table 2 1, FIg 2 1) The combmatIOn of 2 mglL BAP and 1 mglL 
IBA gave the hIghest embryogeneSIS (40%), hIgher (30%) than the control medIUm (RA3) 
Other treatment combmatIOns gave the same level of embryogemc callI as the MS medIUm 
alone Secondary somatIc embryogeneSIS occurred very effiCIently m avocado, as m the case 
of Vet IS (Krull and Warley, 1977, Gray, 1987) m medIUm WIth or Without auxm 

2 3 1 2 Regrowth and embryogeneSIS ImtIated from dIfferent types of callI 

Yellow fnable callI upon culture onto BA2 medIUm produced 6 types of callus 
regrowth, 4 types bemg embryogemc The most abundant and hIghest embryogemc regrowth 
was observed With yellow fnable callI (Table 2 2A) ThIS type of regrowth also gave the 
hIghest shoot dIfferentiatIOn The green compact callI upon culture onto BA2 medIUm 
produced 3 types of regrowth, 2 types bemg hIghly embryogemc (Table 2 2B) The yellow 
frIable callI showed the hIghest embryogeneSIS and shoot dIfferentiatIOn The lIght yellow 
frIable callI upon culture onto BA2 medIUm produced 4 types of embryogemc callus 
regrowth The whIte fine callI showed the hIghest embryogeneSIS (Table 2 2C) 

Results of thIS expenment showed that the occurrence of embryogeneSIS and shoot 
dIfferentiatIOn IS greatly mfluenced by the type of callus used m subculture The yellow 
frIable callI gave the most embryogemc regrowth followed by the yellow compact callI and 
green compact callI DIfferentIatIOn of shoot-lIke structures was also hIghest usmg the 
yellow fnable callI These callI regenerated 1-5 shoots/callus clump 

The growth of embryogemc callI was very fast and callI have to transferred onto fresh 
medIUm every 3-4 weeks CallI left m culture for more than 6 weeks turned brown and dIed 
In some mstances, brown calh also produced embryogemc callus regrowth upon subculture 
onto fresh medIUm (FIg 2 ID) 
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Table 2 1 Effect of BAP and IBA supplemented onto MS medIUm on callus regrowth and 
embryogenesIs after 3 weeks III culture 

Treatment Callus regrowth (% cultures) 

Golden whtte creamy green Embryoge-
yellow fine compact compact mc calh 
fhable friable calli calli 
calli calli 

MS alone 20 20 10 20 20 

MS +0 BAP + 1 0 mgIL IBA 20 30 20 0 10 

MS +0 BAP + 1 5 mgIL IBA 30 20 20 10 0 

MS +0 BAP+2 0 mgIL IBA 10 20 10 20 10 

MS + 1 0 mgIL BAP + 0 mgIL IBA 10 40 0 20 20 

MS +10 mgIL BAP + 1 0 mgIL IBA 20 0 20 20 10 

MS +10 mgIL BAP + 1 5 mgIL IBA 10 0 10 20 0 

MS + 1 0 mgIL BAP+2 0 mg/L IBA 40 30 0 10 10 

MS +2 0 mg/L BAP + mg/L IBA 0 20 10 0 0 

MS +2 0 mg/L BAP + 1 0 mgIL IBA 30 0 10 0 40 

MS +2 0 mg/L BAP + 1 5 mgIL IBA 0 40 0 30 0 

MS +2 0 mgIL BAP+2 0 mgIL IBA 20 20 10 0 0 

MS +4 0 mgIL BAP +0 mg/L IBA 20 10 10 0 0 

MS +4 0 mg/L BAP + 1 0 mg/L IBA 10 30 10 0 20 

MS +4 0 mg/L BAP + 1 5 mg/L IBA 20 30 10 0 10 

MS +4 0 mg/L BAP+2 0 mgIL IBA 20 20 0 0 10 

MS+O 1 mg/L TDZ+O 5 mgIL GA3 (control) 30 10 40 0 30 



Flg 2 1 Different types of callus regrowth on BA2 medIUm (A) Imtlatlon of yellow fnable (YF) and compact 
(YC) call!, (B) green compact (C) yellow green compact and white globular call! and (D) brown call! 
With yellow fhable (YC) and white fine (WF) call! 
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Table 2 2A Response of yellow compact calli upon culture onto BAz medIUm after 3 weeks III culture 

Type of callus Callus regrowth (% % EmbryogenIC % Shoot No of regenerants 
produced cultures) calli regeneration (range) 

yellow compact 16 20 0 0 

green compact 16 30 30 1-2 

yellow friable 32 65 45 1-5 

white globular 2 0 0 0 

white fine 14 0 0 0 

light brown 18 9 9 

Table 2 2B Response of compact green calli upon culture onto BAz medIUm after 3 weeks III culture 

Type of callus Callus regrowth (% % EmbryogenIC % Shoot No of regenerants 
produced cultures) calli regeneratIOn (range) 

green compact 65 10 10 1-3 

yellow mabie 24 71 28 2-6 

lIght brown 10 0 0 0 

Table 2 2C Response of yellow friable calli upon culture onto BAz medIUm after 3 weeks m culture 

Type of call! produced Callus regrowth (% % EmbryogenIC % Shoot No of 
cultures) calli regeneratIOn regenerants 

(range) 

lIght yellow mabIe 21 42 21 2-5 

light yellow compact IS 20 10 

white fine 37 48 8 3-4 

Light brown 25 29 23 1-2 

2 3 1 3 Companson of the embryogenesIs and shoot regeneratIOn response mduced usmg the 
developed protocols 

Protocol 1 gave 20% shoot dIfferentIatIOn, 50% of the cultured embryos showed 
secondary embryogenesIs and the remaImng 30% of embryos turned brown and dIed (Table 
23) Protocol 2 gave 0% shoot dIfferentIatIOn and 40% showed secondary embryogenesIs 
Protocol 3 gave 20% shoot dIfferentIatIOn WIth 1-3 shoots/callus clump and 70% 
embryogenesIs 



Table 2 3 EmbryogenesIs and shoot dIfferentIatIOn response obtamed usmg developed protocols 

Protocol % Embryogemc % Shoot No ofregenerants Growth of regenerated 
calli dlfferentlatlOn shoot 

50 20 I/somatlc embryo shoot elongatIon 

2 40 10 I/somatlc embryo hmlted to shoot-hke 
structures 

3 70 20 1-3/callus clump shoot elongatIOn and 
limIted leaf expansIOn 

The rate of regeneratIOn for Protocols 1 and 2 was the same, however, Protocol 3 has 
the advantage of regeneratIng plantlets dIrectly from the embryogemc callI Without 
undergoIng embryo maturatIOn In addItIOn, regeneratIOn of shoots occurred In shorter tIme, 
around 4-6 weeks as compared to 8-10 weeks for protocol 1 Shoots regenerated usmg 
protocol 3 showed shoot elongatIOn and lImIted leaf expanSIOn and absence of roots (FIg 
22D&E) 

For both systems, regeneratIOn was mostly lImIted to shoot and a very low percentage 
(about 1% ) gave normal germInatIOn of both shoot and root (observed only In protocol 1) 
WhIle IncreasIng shoot productIOn With mcreaSIng BAP concentratIOn (Mohamed-Yassen Y, 
1994) findIng shows subsequent growth (1 e, root formatIOn, shoot elongatIOn and leaf 
expansIOn) of regenerated shoots was not easIly achIeved With the BA2 and RA3 media, 
suggestmg dIfferent medIa reqUIrements or culture condItIOns are needed for normal growth 
Absence of roots and progressIve necroSIS of shoots regenerated USIng eIther protocol 
prevented the recovery of avocado plantlets (FIg 2 2C-F) 

2 3 2 Callus mductIOn In dIfferent Persea speCIes and dIfferent explants 

CallI were Induced from P amencana (11 acceSSIOns/genotypes), P cmarescens and 
P burbomca USing dIfferent explants (Table 2 4) The rate of callus mductIOn and the type of 
callus produced vaned With dIfferent acceSSIOns and explants Callus inductIOn from 
Immature seed/cotyledon ranged from 20 to 55% The callI produced were cream, whIte, 
yellow green compact callI and these turned embryogemc as early as the second subculture 
cycle for P cmarescens and after 5 or 6 subculture cycles for cv RCF Purple 
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Table 2 4 Callus InductIOn m dIfferent Persea sEecIes and avocado geno~Ees usmg dIfferent eXElants 

Persea specIes Reaction to P cmamoml (usmg Explant % Callus Embryogenesls/ 
(Genotype/Cv/ Acc) detached root method*) mductlOn Regeneration 

P amencana 

Quam Hlghh resIstant mature cotyledon 41 not observed 

leaf 43 notobsened 

petIOle 0 

RCF Purple ResIstant (for ,enficatlOn) Immature cotyledon embryogenesls/ 
regeneratIOn 

petIOle 0 

stern 33 not observed 

U8 ResIstant petiole 50 not observed 

mldnb 7) not observed 

U2 Hlghl} susceptIble mldnb 42 not observed 

petIole 0 

U7 Highly susceptible petiole 84 not observed 

leaf 0 

Sta Cruz Hlghh susceptIble mature coty ledon 22 not observe4 

leaf )2 not observed 

stern 0 

petiole 73 not observed 

U6 Moderately susceptIble petIOle 100 not observed 

stern 100 not observed 

leaf 31 early 
embryogenesIs 

mldnb 100 not observed 

Balete Not tested mature cotyledon 63 regeneratIOn VIa 

organogenesIs 

root 20 not observed 

P cmarescens (from ReSIstant Immature seed 20 early 
Israel) embryogenesIs 

mature seed 0 

P burboma (from Israel) ReSIstant mature seed 55 not observed 

P amencana Moderately resIstant petIOle 55 not observed 
G-755 (from Israel) 
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Fig 2 2 Callus lrutIatlOn, embryogenesIs and plantiet regeneratIOn USing Protocol 2 developed In ActIVIty 2 
(A) Compact/fuable calh, (B) dItTerentlatlon of shoot like structures, (c) regeneration of shoot from 
embryogeruc calli, (D&E) elongation of regenerated shoot and (F) necrosIs and death of regenerated 
shoot 
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Callusmg was easIly achIeved usmg mature cotyledon explants (22 to 63% callus 
mductIOn) and the callI produced were brown, whIte, creamy or green m color and compact 
soft, loose or watery texture and appearance (FIg 2 4) SomatIc embryogenesIs was not 
observed m calli ImtIated from mature cotyledon even after more than 5 subculture cycles 
However, regeneratIOn of plants VIa organogenesIs was observed from compact whIte to 
yellow callus produced In avocado acc Balete (FIg 24F) 

Callus ImtIatIOn from stem, mIdnb and petIOle and leaf explants was genotype 
dependent (Table 24) Callus InItIatIOn ranged from 0 to 52% for leaf explants, 0 to 100% 
for stem explants, 0 to 100% for petIole explants, and 42 to 100% for mIdnb explants The 
type of callus produced was compact, soft or loose m texture and cream, brown or whIte In 
color (FIg 2 5) CallI ImtIated from petIOle, stem and mIdnb explants dId not show 
embryogenesIs even after more than 5 subculture cycles whIle callI Irutlated from leaf tIssues 
showed some early embryogenesIs after 6 subculture cycles (FIg 2 5B) 

The occurrence of somatIC embryogenesIs m Persea specIes IS mfluenced pnmanly 
by the kmd of explant used m ImtIatmg callus From the callI ImtIated from 13 genotypes 
usmg 7 dIfferent explants, embryogenesIs was observed only from Immature seed/cotyledon 
and leaf explants RegeneratIOn of plantlets from avocado callI occurred through somatIC 
embryogenesIs or organogenesIs 

ConclusIOn 

Callus InductIOn, somatIC embryogenesIs, shoot dIfferentIatIOn and plantlet 
regeneratIOn were developed for avocado cv RCF Purple Callus mitIatIOn was easIly 
achIeved m avocado (P amerzcana, 11 accessIOns/genotypes), P burboma and P 
cmarescens usmg dIfferent explants ImtIatIOn of embryogenesIs was obtamed only from 
Immature cotyledon/seed and leaf explants At thIS pomt, the best condItIOns whIch gIve 70% 
embryogenesIs and 20% shoot dIfferentIatIOn m protocol 3 Further studIes are needed to 
determme the culture reqUIrements for subsequent plantlet development 
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Fig 2 3 Callus mductlOn from Immature seed/cotyledon Callus mduced (A) and embryogenesIs after 5 or 6 
subculture cycIes(B) from Immature cotyledon of cv RCF Purple, (C ) Immature seed explant and (D) 
callus and early embryogenesIs after 2 subculture cycles mduced from Immature seed of P 
cmarescens 
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Fig 2 4 Callus Imtlated from mature cotyledon explants (A) Cotyledon explant showmg callus InitiatIOn, (B) 
cream compact calh (C) green compact calh (D) white to hght brown, loose and watery calh (E) 
brown soft watery callI and (F) regeneratIOn from cream to yellow compact callI 
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FIg 2 5 Calh Inttlated from stem, petIole mldnb and leaf explants (A) Green and brown calll ImtJated 
from leaf explants, (B) embryogeruc calh from leaf calh, (C ) creamy compact callus from mldnb 
explant (D) Itght brown loose and soft calh Inttlated from petIole explant and (E) brown soft calI! 
from stem tissues 
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3 0 Development of Appropriate Screemng Methods that wIll Correlate In Vitro 
Resistance with the Intact Plant Response 

3 1 CollectIOn, IsolatIon, pUrificatIOn and IdentIfication of the causal orgamsm 

Root rot caused by Phytophthora cmnamoml IS one of the most senous dIseases 
of avocado m the PhIhppmes There has been report of root rot dlsease caused by 
PythlUm debaryanum Hesse (Roldan and Raktakarushta, 1934) but root rot caused by P 
cmnamoml has not yet been reported Although, many avocado trees along penpheral 
roads, orchards and backyards are dymg, the cause or causes of theIr death has not been 
ascertained In other countrIes lIke Israel, AustralIa, MeXICO, USA and New Zealand, 
root rot due to P cmnamoml IS wIde-spread and causmg a sigruficant loss/damage to 
avocado mdustnes (Wager, 1942, Chee and Newhook, 1965, Zentmyer, 1970, Pegg and 
WhIte, 1987, Pmkas, 1989) 

3 1 1 ObjectIve 

To collect, Isolate and IdentIfy the pathogen causmg root rot dIsease m avocado 

3 1 2 Methodology 

Feeder roots of mfected abocado were collected from Pasong KIPOt, Tranca, Bay, 
Laguna Roots were dIpped m 70% (v/v) ethyl alcohol for 2 mm and nnsed WIth stenle 
dIstIlled water One to two cm root segments were planted onto potato dextrose agar 
(PDA) and mcubated at 24 C SImIlar decontammatIOn procedure was used m tIssues 
planted onto com meal agar (CMA) contammg pimancm (10 mg), ampicillm (125 mg), 
nfampIcm (10 mg) and pentachlororutrobenzene (100 mg) per bter (CMA+PARP) (SoleI 
and Pmkas, 1984) PunficatIOn of the Isolated fungus from bactenal contammatIOn was 
done usmg pancake method (Sleeth, 1945) MycelIal stnps groWing from 24 hr 
mcubated tIssue at 28-30 C were pIcked and planted onto agar blocks contalrung 109 
dextrose, 2 g NI-4 H2 P04, 1 g KN03 and 1 g MgS04 per lIter of dIstIlled water 
Inoculated agar blocks were mverted m a sepparate Petn dISh and mcubated at 20-25 C 
Myceha WhICh grew up through the agar block were pIcked aseptIcally and transferred to 
PDA The conventIOnal method of subsequent platIng was also used IdentIficatIOn od 
the causal orgarus, was done usmg avaIlable lIterature/references Pure cultures were 
bemg mamtamed m tes tube contammg stenle mmeral 011 and were used for subsequent 
studIes 

3 1 3 Results and DIscussIOn 

The pathogen was Isolated With dlfficulty due to bactenal contammatIOn 
Bactenal contammatIOn was commonly encountered usmg PDA However, the use of 
CMA+PARP medIUm and pancake method were successful m ellmmatmg bactenal 
contammatIOn Growth of the fungus was observed 3 to 4 days after seedmg on PDA 
Based on the dIstmct charactenstIcs of the colony growth on PDA and morphology of the 
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hyphae and sporangIUm as seen under the mIcroscope, the Isolate has been IdentIfied as 
Phytophthora cmnamoml Rands (RIbeIro, 1978) 

3 2 PathogeDlclty Test 

ThIS was conducted to determme whether the Isolated fungus IS the pathogen 
causmg the root rot dIsease m avocado 

32 1 Methodology 

Detached rootlets of greenhouse-grown avocado seedlmgs were surface stenlIzed 
by submerging m 20% (v/v) sodIUm hypochlonte (Zomox, 525% a I) for 20 mm and 
were then nnsed With stenle dIstIlled water Excess tIssues were trImmed-off and rootlets 
were placed m stenle Petn plates bottom-lIned wIth stenle filter paper MycelIal stnps of 
5-day-old agar growth of the fungus were planted onto rootlet tIps Inoculated roots were 
Incubated for 5 days at 25-27 C 

For Intact roots, mycehal fragments of 5-day-old culture of the fungus were 
placed at the base of the roots of 6-mo-old avocado plant USIng the method of Crandall 
(1948) The fragments were covered WIth mOIst cotton wad to prevent dehydratIOn 
Appearance of symptoms was observed Re-isolatIOn from Inoculated roots was done 

322 Results 

Usmg detached root InOCulatIOn, the rootlets turned black after 2 days 
Unfortunately, the Inoculated fungus was not recovered upon reI solatIOn For Intact roots 
moculatIOn, the moculated seedlIng started shOWing symptoms of wIltmg followed by 
drymg of leaves The base of the moculated plant turned brown after a month from 
moculatIOn and the plant bee came completely dead after 2 months The plant faIled to 
produce feeder roots The Inoculated fungus was recovered upon IsolatIOn of the affected 
roots 

3 2 3 ConclUSIOn 

Symptoms produced on moculated roots and the recovery of the pathogen from 
the Infected roots revealed that Phytophthora cmnamoml IS Indeed the pathogen of root 
rot m avocado 

3 3 Morphological and Cultural CharacterIstics of P cmnamonu 

3 3 1 IntroductIOn 

Pnor to the ImplementatIOn of the project, P cmnamoml has not yet been reported 
In the PhIlIPPInes Although thIs pathogen IS known to mfect about 1000 crop speCIes 
Includmg fruIts such as pmeapple, WhICh IS commonly grown In our country, no attempt 
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has been made to Isolate and charactenze thIS pathogen Hence, descnptIOn of the 
pathogen was based only on the aVailable lIteratures abroad 

332 ObjectIves 

To provIde descnptIOn of the PhIlIpPIne Isolate of P cmnamoml, to compare It 
WIth Isolates reported abroad and to determIne ItS growth response on dIfferent agar 
medIa 

3 3 3 Methodology 

P cmnamoml was grown In nme agar medIa, VIZ PDA, CMA, yeast extract agar 
(YEA), V-8 JUIce agar (V8JA), modIfied carrot agar (MCA), potato carrot agar (PCA), 
soybean seed decoctIOn agar (SSDA), malt extract agar (:tvfEA) and oatmeal agar (OMA) 
The seeded agar plates were Incubated at 25-27 C for 5 days under contInUOUS lIght The 
chaactenstics of the colony and mycelIal growth and dIameter of the colony were taken 
On PDA and V-8JA, the morphology of the hyphae, chlamydospores, sporangIUm and 
zoospores were descnbed as seen under the microscope 

3 3 4 Results and DISCUSSIOn 

Young hyphae of P cmnamoml were dIstInctly corallOId, hyalIne, slender 
becomIng thIck-walled or tough and septate WIth age Chlamydospores were thICk­
walled, globose to pynform, term mal or on short lateral branches (FIg 3 1a) SporangIa 
were borne tenmnally, ellIpSOId to OVOId, hyalme, thm-walled, WIth flat mconspicuoUS 
papIlla on end OppOSIte pomt of attachment Spore case partially collapsed after zoospore 
release (Fig 3 1b) Zoospores were bean- or kIdney-shaped WIth two flagella of unequal 
length attached to concave SIde, hardly seen 

Of the rune medIa used, MCA gave the largest mean colony dIameter (59 7 mm), 
whIle PDA had the shortest mean colony dIameter (32 2 mm) (Table 3 1, FIg 32) The 
myceba grew slowly In SSDA and PDA Dlstmct camellmd or rosette pattern of colony 
growth was observed m PDA (FIg 33) In PCA, the camellmd pattern was noted on the 
center of the colony only ThIS IS due to the presence of potato In PCA The mycebal 
growth was slIghtly dense m PCA, MCA, and V -8JA The mycelIa were hardly seen In 
other medIa Under the microscope, the dIstmct corallmd type of hyphal growth was 
observed on all medIa used, but the denSIty and SIze of hyphal swellIng vaned (Table 
32) Accordmg to Ribelfo (1978), the type of hyphal swellmg and camellmd or rosette 
pattern colony growth on PDA were the dIstmctIve characters that dIfferentIate P 
cmnamoml from other Phytophthora speCIes Hence, the use of PDA for routme 
IsolatIOn of this fungus IS hIghly recommended 
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FIg 3 la Phytophthora cmnamoml Rands Young (a) and mature (b) hypha 
Note the dIstmct corallOid (rounded vesIcles or hyphal swellIngs) type 
of hypha, secondary comdIa m succeSSIve sympodlal fashIOn stamed 
wIth lactophenol cotton blue (c), chlamydospores (d) (x400) 
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Fig 3 1 b Phytophthora cmnamoml Rands Sporangia stamed with lactophenol 
cotton blue (a), zoosporangta ansmg from unbanched hypha (b) (x400), 
close-up ofa zoosporanglUm releasmg zoospores (c) (xlOOO) 
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Fig 3 2 Colony morphology of Ph}tophtlwra unnwnomz on different agar media 
after 5 days of incubatIOn at 28-30 C MEA-malt e"{tract agar MCA­
modified carrot agar, PCA-potato carrot agar, YEA-yeast extract agar 
OMA-oatmeal agar, SSDA-soybean seed decoction agar, CMA-corn meal agar 
PDA-potato dextrose agar, V -8JA-V -8 JUice agar 



FIg 33 MycelIal growth of Plntophtlwra cmnamoml on potato dextrose agar 
Note the camellOld Ir rosette pattern of colony b1fOwth 



Table 3 1 MycelIal growth of Phytophthora cznnamoml m dIfferent agar medIa 

Agar MedlUm Colon:y DIameter {mm2 
24 hr 48 hr 72 hr 96 hr 120 hr Mean 

modIfied carrot 235 432 623 24 hr 8880 597 
malt extract 199 426 540 805 880 570 
potato carrot 197 380 568 730 880 55 1 
oatmeal 154 285 390 490 880 440 
V-8JUIce 182 305 420 558 705 433 
yeast extract 18 1 306 429 500 624 374 
soybean seed decoctIOn 163 238 375 470 622 360 
J2otato dextrose 131 235 337 352 556 322 
Incubated at 25-27 C under contmuous lIght 

Table 3 2 MorphologIcal charactenstIcs of the colony and hypha of Phytophthora 
cznnamoml grown m dIfferent medIa, five days after mcubatIOn under 

contInUOUS lIght 

Agar MedlUm Colon:y MOIpholog)' 
modIfied carrot slIghtly dense 

malt extract very scarse 

H:YJ2hal Growtha 

very few, dIStInct and bIg 
hyphal swellIng 
few and small hyphal 
swellmg 

potato carrot slIghtly dense, shghtly few hyphal swellIng 

oatmeal 
V-8 JUIce 

yeast extract 
com meal 

camellOld at the center 
very dense 
slIghtly dense, fluffy 

scarse 
very scarse 

soybean seed decoctIon very scarse at penphery, 
dense at center 

I potato dextrose very dense WIth dIStInct 
camellOld or rosette pattern 
of growth 

a As seen under the mIcroscope 

3 3 5 ConclusIOn 

very few hyphal swellIng 
profuse and bIg hyphal 
swellIng 
ffew hyphal swellIng 
few hyphal swellIng 
profuse and bIg hyphal 
swellIng 
profure and bIg hyphal 
swellIng 

Based on morphologIcal and cultural studIes, the PhilIppme Isolate resembles that 
of the Phytophthora cznnamoml Rands Isolated from the bark of Cznnamomum burmam 
Infected WIth stnpe canker In West Coast HIghland of Sumatra PDA IS an appropnate 
medIum for IsolatIon of thIS pathogen 
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3 4 Sporanglal and Zoospore ProductIon 

Sporangta are necessary for zoospore productIOn Zoospores, on the other hand, 
are Important as they are the structures necessary for mfectIOn To produce sporangta and 
zoospores among Phytophthora speCIes, several condItIOns should be met A specIfic 
specIes may reqUIre specIfic condItIOns for sporangtal or zoospore productIOn 

3 4 2 ObjectIves 

To determme the optImum condItIOns for sporangtal and zoospore productIOn of 
the PhilIppme Isolate of P cmnamoml and to compare two procedures for mducmg 
sporangIaI and zoospore productIOn 

343 Methodology 

Two procedures were tned The first procedure was a modIficatIOn of the method 
developed by de Zoeten et al (1982) Agar pIeces from 7-day-old cultures on V-8JA 
were plated onto 5 % OMA and mcubated for 10 days m complete darkness at 28-30 °c 
Zoospore release was mduced by stnppmg off the mycelIal mat from agar plate and 
floated m 2 ml stenle dIstIlled water m Petn dISh, chIlled for 30 mm followed by a 7 hr 
mcubatIon at 24°C The second procedure was carned out as followed P cmnamoml 
was grown m V8JA for 5 days under contmuous lIght Ten to 15 pIeces of mycelIal agar 
dISC were transfer to dIluted V8 JUIce broth (110) and mcubated for 16 hr at 24°C under 
contmuous darkness The broth was WIthdrawn and mycehal pIeces were washed WIth 
stenle mmeral salt solutIOn on an hourly baSIS for 7 hr AfterwhIch the mycelIal pIeces 
were mcubated m mmeral salt solutIon for 18 hr under contmuous lIght The mmeral salt 
solutIOn was WIthdrawn, replaced WIth stenle dIstIlled water and mcubated for 15-20 mm 
at 4-5 °c Then they were shIfted at room temperature under contmuous lIght The 
sporangIa I productIOn and zoospore release were observed under the mIcroscope 

3 4 4 Results and DISCUSSIOn 

In both procedures, numerous sporangIa were produced Zoospores were released 
followed by a 15-30 mm mcubatIOn at 4 to 5 °c followed at 24 to 28°C under contInuous 
lIght It was observed that m the first procedure, zoospore release started on the 7th hr of 
mcubatIOn, whereas m the second procedure, release of zoospores started after the 
second and thIrd hour of mcubatIOn The zoospore remamed motIle for few hour after 
WhICh they encyst Exposure to complete darkness mhIbited the mycebal growth of the 
fungus At 21-24 C, the fungus IS capable of producmg good YIeld of zoospores IS 
mduced upon exposmg the fungus at very low temperature preferably 5 C (Chen and 
Zentmyer, 1970) and returnmg to 24 C Accordmg to Palzer (1976), the small drop m 
temperature could mduce zoospore release m P cmnamoml 
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345 ConclusIOn 

P cmnamoml reqUIres mItIaI mcubatlon at low temperature (4 to 5 C) followed at 
higher temperature (24 to 28 C) under contmuous lIght for sporangIaI and zoospore 
productIon Companng the two procedures, It took shorter tIme for sporangIal produtIOn 
and zoospore release usmg the second procedure than the first procedure 

3 5 Development of Screenmg Methods Agamst Phytophthora root rot 

The success of any dIsease resIstance breedmg work depends on the proper 
IdentIficatIOn of matenals that possess some levels of resIstance to a partIcular dIsease 
ThIs can be achieved If screerung procedure IS relIable, effiCIent and effectIve 

DIfferent technIques for use m dIsease screerung work are aVaIlable However, 
theIr effectIveness vanes WIth the plant and partIcular dIsease These techmques may 
mvolve whole plant or plant part In recent years, the use of callus m screenmg work IS 
becommg popular as callI are readIly avaIlable and can be handled m large volume 
Screenmg usmg callI are also less expenSIve, less tedIOUS and results can be obtamed at 
the earlIest pOSSIble tIme However, correlatIOn of reSIstance usmg m VIVO (detached or 
hve plants) and m vitro (callus) selectIOn should first be establIshed m order to valIdate 
the use of callI m screerung work m avocado 

3 5 2 ObjectIves 

To develop screerung procedures that are relIablefor use m IdentIfymg reSIstant 
source, to assess/evaluate the effectIveness of eXIstmg screenmg procedures for 
Phytophthora root rot dIsease m avocado, and to correlate theIr effectIveness 

3 5 3 Methodology 

A Root InoculatIOn Usmg MycelIa 

Detached root moculatIOn method developed by Botha et al (1989) and van der 
Merwe et al (1990) was employed WIth some modIficatIOns RooL of 3 to 4 mo-old 
avocado plants were detached, cut mto 40 mm long and washed t'rroughly WIth water 
Roots were then aseptIcally placed perpendIcularly onto two stenJe rods (7mm dIameter, 
60 mm) m Petn dIsh WIth water agar (FIg 34) Each root tIp was moculated WIth 10 ul of 
mycelIal fragment of P cmnamoml To produce the mycelIal fragments, mycelial dIsc of 
the fungus were grown m pea broth for 4 days m rotary shaker The mycelIal pellets were 
fragmented m a wanng blendor Inoculated roots were placed m dark condItIOn at 24-25 
C for 48 hr 
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FIg 34 Set up for evaluatmg the resistance of avocado to Phvtopluhora 
root rot usmg detached root moculatlOn method 
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The roots were cut mto 4 segments, 10 mm per segment, surface stenlIzed for 5 
sec m 70 % ethanol, plated m potato dextrose agar (PDA) and mcubated at 24-25°C for 
12 to 14 hr under dark conrutIOn The total length of root colomzatIOn was detennmed by 
countmg the number of segments from whIch P cmnamoml developed dIVIded by the 
total number of segments multIplIed by 100 

Results and DIScussIon 

Usmg mycelIal fragments of P cmnamoml, brownmg of the roots was observed 
24 hr after moculatIOn Brownmg moved to the upper portIOn of the roots as the fungus 
contmued to grow 

Potato dextrose agar was used mstead of P ARP medIUm as mentIOned m the 
methods of Botha et al (1989) and van der Merwe et al (1990) smce PDA IS readIly 
avaIlable and less expenSIve Length of mcubatIOn of moculated roots was shorten to 12 
to 14 hr usmg PDA m contrast to the 72 hr usmg PARP medIum as stated m the studIes 
of the precedmg workers It was observed that If the length of mcubatIOn IS extended 
beyond 14 hr, countmg of root segments WIth mycelIal growth become dIfficult smce 
after 14 hr, the plate was entIrely covered WIth the growth of the fungus 

One of the parameters used by the authors m order to evaluate reSIstance of 
avocado IS the length of the leSIOn after mcubatIOn at 24 to 25°C for 48 hr In thIs study, 
dIfficulty was encountered m takmg the leSIOn length smce roots of some vaneties were 
brown ThIS parameter IS applIcable only for some vaneties/selectIOns that produce whIte 
root tIpS 

B DIrect InoculatIOn of Callus Usmg MycelIa 

Methodology 

CallI of three avocado speCIes and selectIOn, namely, Persea americana var Topa 
Topa (susceptIble), P cmerascens (resIstant) and RCF, were used m the expenment The 
first two culnvars came from Dr ZIlkah of the AgrIcultural Research OrgamzatIOn, The 
VolcanI Center, Israel, whIle the latter IS a local selectIOn whIch was found to be reSIstant 
m the screemng work conducted 

P cmnamoml was plated m PDA and after 3 to 4 days, 2 x 2 mm stenle miracloth 
was laId over the mycelIal growth for 7 day CallI of the three cultivars were plated m MS 
medIum and the miracloth was put on the top of each callus Three types of callI from 
RCF were used Type 4 - loose, Type 5 - moderately loose and Type 7 - compact, hard 
CallI of RCF were whIte For other cultivars, loose type of callus were used CallI of P 
americana var Topa Topa and P cmerascens were hght brown to black NecroSIS or 
brownmg of the callus and charactenstic of the hyphal growth on the callus were noted 
for 4 days of mcubatIOn at the dark, 25°C 
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Results and DIscussIOn 

DIfficulty was encountered m determmmg necrosIslbrowmng of P amerzcana 
var Topa Topa and P cmerascens due to the color of the callus P cmerascens has 
mdIstmct necroSIS of the callus but the necroSIS at the margm was dIstmct WIth regards 
to the three types of callus of RCF, brownmg of the center and margm of the callus was 
observed on Type 5 and Type7, 48 hr after mcubatIOn (FIg 3 5) Hyphal growth on the 
callus was slow on three type of callus, whIle fast on the two cultlVars (Table 3 3) 
Surface hyphal growth was sparse to moderate on Type 7 but dense on the rest Aenal 
hyphal growth was sparse on the three types of callus On the matenals tested, the fungus 
produced the typIcal corallOld type of hypha However, stuntmg of hyphal branches was 
observed on Type 5 and Type 7 ofRCF 

Table 3 3 Response of callus of dIfferent speCIes and selectIOn of avocado (Persea sp ) 
to moculatIOn of Phytophthora cznnamomz, after 48 hr mcubatIOn at 25°C, 
under dark condItIOn 

P amerzcana P cznerascens RCF (resistantt 
Cntenon var Topa Topa (resistant)a Type 4 Type 5 Type 7 

(susceptIble t 
rapId necroSIS mdIstmct dIstmct mdIstmct dIstmct dIstmct 
necrotIC mdistIct dIstmct mdIstmct dIstmct dIstmct 
margm 
hyphal growth fast fast slow slow slow 
on callus 
aenal hyphal dense dense to sparse sparse sparse 
growth moderate 
surface hyphaI dense dense dense dense dense to 
growth moderate 
type and corallOld coraIIOld corallOld coraIIOld, coraIIOld, 
charactenstic stunted stunted 
of hypha branchmg branchm 

g 
a As evaluated by Dr ZIlkah of AgncuItural Research OrgamzatIOn, Volcam Center, 
Israel 
b As evaluated by the author usmg detached moculatIOn root method 

ConclusIOn 

There IS no clear correlatIOn between reSIstance level of plant source and the 
effect of direct moculation of callus With mycelIa To assess reSIstance agamst 
Phytophthora root rot, detached root moculatIOn IS conSIdered a better screenmg 
procedure than direct callus moculatIOn ThIS could be attrIbuted to the dIfference m the 
type of callus denved from the source 
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Fig 35 Response of three types of callus ofRCF selectIOn to direct moculatIOn of the 
mycelIa of Phytophthora cmnamoml 48 hr after moculatIOn (Type 4 upper­
moculated callus, left - mycelIal disc, nght - umnoculated callus, Type 5 - upper 
- mycelIal disc, nght - moculated callus, left - unmoculated callus, Type 7 -
upper - unmoculated callus, nght - moculated callus, left - mycelial disc) 
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C MycelIal attractIOn to callus 

Methodology 

CallI of resIstant, P cmerascens, and susceptIble, P americana avocado speCIes 
from Israel and a local selectIOn, U7 whIch was found hIghly susceptIble In the screenIng 
work, were used Two tests were conducted, P cmerascens versus P americana and P 
cmerascens versus U7 Callus of each test matenal was plated on OpposIte SIde of a Petn 
dIsh contaInIng water agar A 7 mm dIameter mycebal agar dISC of P cmnamomz was 
seeded at the center of the plate, eqUlmstant from each callus Inoculated plate was 
mcubated at 28-30°C under dark condItIOn The ramal length of the colony towards each 
callus was measured daily for 6 days Furthermore, the morphology of the mycelIal 
growth on the callus was descnbed on the 5th, 6th and 14th day ofmcubatlOn 

Results and DISCUSSIon 

Generally, the fungus grew faster towards the susceptIble specIes/selectIOn than 
the resIstant speCIes (FIg 3 6a and 3 6b, FIg 3 7) In both tests, myceha of the fungus 
started to move towards the susceptIble SIde on the second day of mcubatIOn Greater 
dIfferences on mycelIal ramal length were observed on the fourth day (09 mm on P 
americana versus P cmerascens), and on the fifth day (0 8 mm on P cmerascens versus 
U7) However, on the SIxth day, the dIfference was sImtlar m both tests (0 4 mm) 

On the fifth day, the mycelIa of P cmnamomz reached the susceptIble callus than 
the reSIstant callus for both tests (FIg 37a) In P cmerascens versus P americana, the 
mycelIa were scarse and lImIted and concentrated at the bottom of the callus of P 
cmerascens, whtle m P americana, the mycelIa were dense partially covenng the callus 
and the growth extended beyond In P cmerascens versus U7, the myceba were scarse at 
the bottom and lImIted covenng about 25 percent of the callus of P cmerascens whIle the 
mycelIa were dense at the bottom and the whole callus of U7 LIkeWIse, the myceha 
grew beyond the callus of U7 After the 14th day of mcubatIOn, the callI of susceptIble, 
P americana and U7, were toally covered WIth the mycelIa, whereas, callus of reSIstant, 
P cmerascens, were parttally covered (FIg 3 7c) The results obtamed agreed WIth the 
findIngs ofPhlhpps and co-workers (1991) 

Based on the rate of mycelIal growth, hIgher rate was observed towards the 
susceptIble, 067 for P americana and 069 for U7, than the reSIstant speCIes, P 
cmerascens, 054 for first test and 056 for second test (FIg 3 8) These results could 
proVide a useful alternatIve and relatIvely fast assay technIque for selectIOn for reSIstance 
m Phytophthora root rot m avocado 
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Fig 3 8 Mycelial growth of Phvtophtlwra cmnamoml on calli of avocado 
(Persea) species/selectIOn resistant (R), P uneruscem and 
susceptIble (SIHS), P amellcanu and U7, to Phytophthora root 
rot after 5 (a), 6 (b) and 14 (c) days ofmcubatIOn at 25 C, dark 
condItIOn 



• 

ConclUSIOn 

Based on the results obtamed, a correlatIOn of resIstance between In VIVO and In­

vitro-based avocado vaneties/selectIOns eXIsts USIng the mycehal attractIOn to the callus 
Mycehal attractIOn to the callus could be an alternatIve technIque m screerung for 
Phytophthora root rot resIstance m avocado 

3 6 Screemng of Avocado for ResIstance to Root Rot 

Several approaches to control root rot disease m avocado have already been 
establIshed These Include use of mounds or ndges for plantmg new trees (Coffey, 
1987), addItIon to sOlI of mIcrobial antagorust such as Myrotheclum rondum Tode ex Fr 
(Gees and Coffey, 1989), folIar spray (Coffey et ai, 1984), or trunk InjectIOn of fosetyl­
alumInum (Darvas et aI, 1984) and the use of tolerant rootstocks (Zentmyer, 1980, 
Coffey, 1989) Although the cultural, bIOlOgical and chemIcal controls are potentIal 
methods of elImInatmg or redUCIng the InCIdence of the dIsease, they have lImItatIOns 
In whIch case, the use of tolerant or reSIstant rootstock stIlI offers the best OPPOrtunIty for 
effectIve, economIcal, non-health hazardous and envIronmentally safe, and sustaIned 
control of root rot on avocado 

3 6 1 ObjectIve 

To IdentIfy avocado cultIvars or selectIOns that possess reSIstance to Phytophthora 
root rot 

3 6 2 Methodology 

A total of 48 selectIons of avocado collected from vanous areas of the country 
were evaluated for theIr reactIOn to the disease USIng the modified detached root 
InOCulatIOn method The InOCulatIOn procedure mentIOned In SectIOn 3 5 A was followed 

The follOWIng dIsease ratIng scale was used 

Length of ColoruzatIOn Percent Recovery ReactIOn 

0-20 0- 120 HR 
2 1 - 40 12 1 - 250 R 
41 - 80 25 1 - 50 0 MS 
8 1 -120 50 1 -750 S 

121-160 75 1 - 1000 HS 

* HR - hIghly reSIstant, R - reSIstant, MS - moderately susceptIble, S - susceptIble, HS -
hIghly susceptIble 
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363 Results 

Two rephcatIOns were conducted on 23 selectIOn and one on 17 Ten roots were 
used for each repllcatIOn On 5 selectIOns, less than 10 roots were used From the two 
selectIOnd, 5 were found hIghly resIstant and 3 resIstant to the dIsease (Table 3 4) From 
one rephcatIOn, 8 were hIghly resIstant and 4 resIstant From less than 10 roots 
evaluated, all were hIghly resIstant All other selectIOns were found eIther moderately 
susceptIble, susceptible or hIghly susceptIble to root rot 

364 ConclusIOn 

Several local strams or selectIOns of avocado possess resIstance to Phytophthora 
root rot m avocado 
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Table 3 4 ReactIOn of avocado roots to Phytophthora root rot usmg detached root moculatlon method 

SelectIon I Lmear ColOnIZatIon I Per cent Recovery T ReactionD 

Two replIcatIons 
B22 020 125 HR 
B17 on 540 HR 
B31 075 540 HR 
U9 080 500 HR 
B52 1 35 1250 HR 
U8 340 2375 R 
Bll 390 2585 R 
B12 390 2460 R 
ST 455 3250 MS 
B16 460 2875 MS 
B13 465 3125 MS 
Fl 510 3330 MS 
U4 555 4500 MS 
B18 570 3710 MS 
B14 590 4125 MS 
B15 600 4000 MS 
U6 600 4330 MS 
F2 640 4670 MS 
Ull 750 6865 S 
B2 960 5670 S 
U7 840 8880 HS 
U5 875 7340 HS 
U2 117 8375 HS 

One repiIcatlOn 
DI2 0 0 HR 
B23 0 0 HR 

Bn 0 0 HR 
B41 030 330 HR 

B42 080 500 HR 
B62 080 500 HR 

B79 160 10 00 HR 
DIO 200 1250 HR 

U3 200 1830 R 

B44 280 1275 R 

B78 280 1750 R 

B43 360 2250 R 

Bl 700 4670 MS 

T2 770 5840 MS 

Yl 810 6090 S 

Tl 993 6560 S 

B3 990 6920 S 

Less than 10 roots 
B53 0 0 HR 

Ql 020 125 HR 

B77 057 357 HR 

B75 080 500 HR 

B61 1 14 7 14 HR 

a After 48 hr mcubation at 25 C dark condItIon 
b HR - hIghly resIstant R - resIstant, MS - moderately susceptIble S - susceptIble HS - htghly susceptIble 



4 0 IsolatIon, purlficatlOo and partial characterizatIon of P cmnamonu necrosIS-lOduclDg 
factor 

4.1 IntroductIon 

Phytophthora root rot IS the most damagmg dtsease of avocado and causes slglllficant 
yteld loss It IS caused by the sod-borne pathogen P cmnamoml that mfeets roots, causes 
necrOSIS, and eventually death of host tissues (DaVison et al, 1994) Necrotrophlc fungI are 
beheved to produce non-host specific toxms and cell wall degradtng enzymes that aid m dtsease 
mfectton (OlIver and Osbourne, 1995) 

In 1980, Woodward et al reported that polysacchandes Isolated from P cmnamoml, P 
cryptogea and P mcohnae caused wtltmg m Eucalyptus The secretion of toxms by other 
Phytophthora sp such as P drechslen, P cltrophthora, P fraganae and P cactornm have been 
reported (Strange et al , 1989, BreIman and Barash, 1981, BreIman and Galun, 1981, Rowland et 
ai, 1993 and Phch and Rudmckt, 1979) However, the chemIcal nature and mechanIsm of the 
toxm have not been fully descnbed 

Crude filtrates from Phytophthora were tned as tools for m VItro selectton Behnke 
(1979) successfully used crude filtrates of P mjestans to select resIstant calli and regenerate 
resistant potato plants On the other hand, Vardt and co-workers (1986) found that crude filtrates 
of P cltrophthora to be meffectual m m Vitro selectIon of cItnIs vanants 

The best examples of fungal toxInS are host specific (Walton, 1996) and oflow molecular 
weight that functtons as posItIve agents of Virulence or pathogenecrty However, the reported 
fungal toxms reported from Phytophthora spp are not host specific m nature The term fungal 
toxms wtll not be used m thiS study and mstead, the term "necrosls-mducmg factor" wIll be used 
to denote substances produced by the pathogen that wtll aid m the penetratIon and colonIZation of 
susceptIble host tissues The objective of thiS study IS to Isolate, punfy and charactenze necrOSIS­
mducmg factors from P cmnamoml 

4 2 Matenals and Methods 

4 2 1 ProductIon of P cmnamoml culture filtrate 

FIfty m1 of basal synthetiC medIUm (Maas, 1973) m a 125 m1 flask was maculated wIth a 
smgle P cmnamoml agar plug taken from the edge of 5-7 day-old culture grown m potato­
dextrose agar (PDA) plate Cultures were mcubated at 25°C wIth shakmg (150 rpm) under 
darkness After 60 days, culture filtrates (CF) were filtered (Whatman No 1) to remove the 
mycelIa 

4 2 2 FracttonatIon of P cmnamoml culture filtrates 

The filtrates were fractIonated mto high and low MW components usmg an ultrafiltratIon 
A pressunzed vessel (Amcon) wrth an mtegraJ magnetic strrrmg bar was used to pass Jow MW 
components through a YMI membrane This membrane retams solutes above 1000 

4 2 3 Enzyme acttVIty assays 

Polygalacturonase assay and cellulase assays were done followmg the procedure of 
Ofuya and Wood (1981) as modtfied by Flor Cruz (1995) For the polygalacturonase assay, 0 1 
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m1 of crude filtrate was nuxed WIth 0 9 ml of 0 I M acetate buffer pH 5 5 and 1 ml of 1 % 
polygalacturomc aCid m buffer The solution was mcubated at 30°C for 1 hour after which 0 5 m1 
DNS reagent was added The solution was vortexed then mcubated m bodmg water bath for 10 
mm Five m1 water was added, the mIXture was allowed to cool and absorbance was read at 546 
nm BaSically, the same procedure was used for the cellulase assay usmg 0 1 M cItrate buffer pH 
5 0, 1 % carboxymethylcellulase as substrate and 24 hours mcubatIon time 

Protease assay was based on the method by Drapeau (1978) as modtfied by LapiS (1993) 
Crude filtrate was added to a pre-mcubated (37°C, 5 mm) mIxture of azocasem solutIon and 0 02 
M Tns-HCI pH 7 5 After mcubatmg the samples for 24 hrs, TCA was added to stop the reactlon 
Tubes were left undIsturbed for 10 mm then filtered usmg Whatman No 1 Equal volumes (25 
m1 each) of the supernate and 0 5 N NaOH were nuxed and the absorbance was read at 440 nm 

4 2 4 ThIn Layer Chromatography 

One hundred m1 each of P cmnamoml CF, hIgh MW and low MW fractions were mIXed 
WIth an equal volume of ethyl acetate to extract polyphenols The mIXture was placed m a 
separatory funnel, shaken and allowed to stand at room temperature After two hours, the orgamc 
layer was collected and concentrated to dryness usmg a rotary evaporator The phenohcs were 
dIssolved m mmImum amount of petroleum ether/methanol and a smgle spot of extract was 
applIed on a TLC plate (plastIc sheets of slhca gel 60 F254) Plates were developed methyl 
acetate petroleum ether (3 1 v/v)/ chloroform acetic aCid (9 1 v/v) and Viewed usmg a UV lIght 

4 2 5 DetermmatIon of Phenohc Content 

Total polyphenol content was determmed usmg the total phenol analYSIS by Folm and 
Clocalteau (1927) The protem precipItable method (Hagerman and Butler, 1978) was used to 
estImate condensed and hydrolyzable tannms and the aCIdified vamllm assay (Broadhurst and 
Jones, 1978) was followed to determme the amount of flavan type phenohcs 

4 2 6 BIoassay of fractlons 

Fungal fractlons were mcorporated mto MS media to test If they could be used for m 
Vitro disease resIstance screenmg and/or mductlon of resIstance (see Study 5) Bnefly, P 
cmnamoml CF, hIgh and low MW fractlons were mcorporated mto tIssue culture medIa to obtam 
0, 20, 40, 60 and 80% concentratIon Calh were placed m the medIUm and observed for response 
To test for heat stabtlrty of the necrosls-mducmg factor, P cmnamoml CF and fractlons were 
autoclaved at 121°C for 20 mmutes 

4.3 Results and DISCUSSion 

4 3 1 Optuntzanon of culture medIum 

To be able to Isolate and punfy the necrosls-mducmg factor from P cmnamoml, It was 
necessary to determme m whIch medIa fungal productIon would be optImum Seven dIfferent 
medIa were tested V8 JUIce, pea broth (PB), mmeral salts medium (MS), avocado root decoctIon 
(RD) medIum, basal synthetIC medIum (BSM), BSM plus chopped avocado roots (BSMl and 
glucose-asparagme medIum (GAM) Cultures were mcubated at 25°C wIth shakIng under 
darkness 
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FIgure 4 1 Growth of P cmnamoml m dtfferent medIa (A) MIneral salts medtum, (B) pea broth 
and (C) root decoctIon method Left flask IS moculated WIth the fungus. nght flask IS 

uniOCulated (control) 
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FIgUre 4 2 Growth of P CmnamOml m bazal SynthetIC medIum (A) and m bazal synthetIC 
medIum wIth chopped avocado roots Left flask IS unmoculated (control), nght 
flask IS maculated with the fungus 
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The first medIa tested was V8 JUlce, the medta most commonly used to grow P 
cmnamoml The CF grown m V8 JUIce was fractIonated mto hIgh and low MW components usmg 
uhratiltratIon wIth a YMI membrane RCF Pmple callI macuIated wIth at least 20 !JL hIgh MW 
fractIon and low MW fractIon showed some degree of brownmg compared to the control 
(unmaculated) However, callus treated wIth the same amount of medIa (V8 JUice) had the same 
color change unplymg that a component of V8 JUlce also causes necroSIS Smce the bioassay IS 
based on the brownmg effect of the necrosls~mducmg factor, V8 JUIce IS therefore not a good 
medta 

After trymg V8 JUlce, five other medIa were tested P cmnamoml grown m MS was 
whIte and strand~ltke m appearance while that from BSM, BSM+, PB and RD where globular 
However, the SIZe, color and number of globules chff'ered m the three latter medta 1-2 relatively 
small dark red globules m RD and BSM'", 5-6 big yellow globular mass m PB and 5-7 big yellow 
globules m BSM Based on these observations, It IS clear that BSM IS the best medIa for growmg 
P cmnamoml ThIs was also the medIa used m growmg P fraganae by Rowland et al (1993) 

4 3 2 ProductIon of Polysacchande 

To check If P cmnamoml produces a wIlt~mducmg polysacchande (Woodward et aI, 
1980) the fungus was grown m OAM No slImy matenal was observed m the culture VIsually 
However, It IS pOSSIble that P cmnamoml produces only small amounts of the polysacchande m 
VItro compared to m VIVO condItIOns 

4 3 3 SynthesIs of cell wall degradmg enzymes 

The productIon of cell wall degradmg enzymes may play a role m dIsease mfectlon 
Polygalacturonase, cellulase and protease actIvIty were determmed to check If P cmnamoml 
secretes cell wall degradmg enzymes 

After two days of culture, polygalacturonase (PO) act1vIty was already detected Results 
show a relatIvely hIgh PO actIvIty (20X) m BSM than m other medIa tested (Table 4 I) PO 
actIvIty was hIgher m BSM than m BS~ (Table 4 2) The mcluslon of roots m the medIa dId not 
seem to stImulate the productIon of cell wall degradmg enzymes ActIvrty for thts enzyme 
mcreased wIth prolonged culture of the fungus m BSM and was highest after 8 weeks of culture 
Olucose-asparagme medIum (OAM) was also tned but no enzyme actIvIty was detected 

Data show that there IS posltIve correlation between PO actIvIty and long tenn mycehal 
growth of the fungal pathogen No mductIon or stimulatIon of PO actIvIty m the presence of 
susceptIble root tissues suggests that PO IS not mvolved drrectly or mdrrectly m host penetration 
through the roots However, PO mlght be mvolved m host colonIZatIon once the pathogen IS 
mSlde the susceptible host tissue 

StudIes by Le Cam et al (1994) show that Mycocentrospora acenna, the causal agent of 
root rot m carrots, secretes polygalacturonase, pectm methylesterase, pectate lyase and 
endoglucanase enzymes m VItro The secretion of pectate lyase and endoglucanase were 
observed but only after one week of cuhure HIgh PO was observed m VItro but m a follow-up 
study (Le Cam et ai, 1997), weak PO actIvIty was observed m mfected carrot roots 

For the two other cell wall degraclmg enzymes tested, less than 1 nanomole/mllmm of 
cellulase actIvIty was obtamed and protease activIty was neghgtble 
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Table 4 1 Polygalacturonase actIVIty of P cmnamomlamoml grown m four chfferent medIa 

LENGHTOF 
CULTURE 

(Weeks) 
1 
2 
3 
4 
5 
6 
7 
8 

BSM 
228 

260 

587 
561 
602 
792 

POLYGALACTURONASEACTnnTY 
(nrnfmllmm) 

PB MS 
6 0 
8 0 
10 0 

o 
11 0 
o 0 
1 0 

27 11 

RD 
4 
3 
o 
o 

<1 
o 
o 
38 

Table 4 2 Polygalacturonase actlVIty of P cmnamomlamoml (nmlmllmm)m Basal SynthetIC 
Medium (BSM) and BSM plus chopped avocado roots 

LENGTH OF CULTURE 
(Weeks) 

1 
2 
3 
4 
5 
6 
7 
8 

POLYGALACTURONASEACTnnTY 
BSM BSNr 
37 15 
78 8 
156 44 
217 44 
225 37 
310 87 
330 172 
435 258 

4 3 4 Low molecular weIght compounds 

inItIal results from TLC showed a slmllar chromatographic profile for the crude filtrate, 
high MW and low MW fractions There were two spots observed m all three samples one that 
CO-mIgrated wIth the ethyl acetate petroleum ether solvent and another at the poInt of ongm 
These observatIons Imply that the some of the low molecular Weight compounds are very 
hydrophobic whIle the others are hydrophIlIc 

The hydrophilIc bands were scraped off the plates and extracted usmg ethyl acetate 
Extracts were evaporated to dryness, dissolved m methanol and run on slhca gel plates wIth 
chloroform-acetIc aCId as solvent system Two bands were observed for the crude filtrate whIle 
both high and low MW samples had four CO-mIgratIng bands 

The hydrophobIC bands Will also be extracted and run m TLC plates usmg a different 
solvent system All unIque bands present m the samples Will be tested usmg the detached root 
method developed by the pathology group 

52 



4 3 5 Phenohc content 

To deterrnme whether the low MW fractIon IS phenohc m nature, It was subjected to total 
phenol and precIpItable protem analyses The first assay estnnates the amount of snnple phenols, 
non-tannm flavans and tannms whIle the second deterrnmes the amount of protem-preclpttatmg 
tannms Both assays gave negatIve resuhs However, usmg the vanIllm assay, 0093 mg 
catechm equIvalent 1m! was obtamed from the low MW fractIon 

Data suggest that the ma.Jonty of the components of the low MW fractIon may not be 
phenohc m nature However, a pOSItIve test usmg the vanIllIn assay (specIfic for flavan-type 
phenohcs) mIght also suggest that one of the mmor components of the low MW fractIon IS flavan 
phenolIc Because of the heterogeneIty of the low MW fractIon, It IS Important to fractIonate It 
further by usmg dIfferent solvent systems ofTLC One probable reason for the negative tests of 
phenohc compounds IS that the other components mIght be mterfenng m the colonmetnc assays 

4 3 6 Effect of P cmnamoml filtrate on avocado callus 

Table 4 3 summanzes the effect of P cmnamoml CF and fractIons on avocado calh The 
CF was autoclaved to test the heat stabtlrt:y of the necrosls-mducmg factor and to determme Its 
nature At temperatures more than 100°C, polysacchandes are mactivated and most protems are 
denatured Smce the autoclaved filtrate (AF) stIll caused necrosIS m avocado callI, then the 
necrosls-mducmg factor IS not polysacchande m nature but could be a heat-stable protem In 
contrast, the tOXIC actIvIty of P drechslen on protoplasts was completely lost upon heat treatment 
(Shohet and Strange, 1989) PartIal punficatlon of the tOXIn revealed three major bands of 31, 36 
and 48 kD after polyacrylamIde gel electrophoresIS The bands stamed posItIve for both protem 
and carbohydrates nnplymg that the tOXIn molecule has a peptlde and a carbohydrate part StudIes 
by BreIman and Barash (1981) also report a toXIn fromP cltrophthora as glycopeptIde 

The abIlIty of low MW fraction to cause brownmg suggests that the necrosls-mducmg 
factor could be a polyphenol A study by BrelInan and Galun (1981) revealed that the phytotOXIC 
components m P cltrophthora were of hIgh and low molecular weIghts h was further reported 
that the low molecular weIght fractIon was aCIdIc and hydrophIlIc Experunents are underway to 
further pu.nfY and charactenze the necrosls-mducmg factor 

Table 4 3 Brownmg effect of P cmnamOmI on avocado callI 

P cmnamoml 
Crude filtrate (CF) 
Autoclaved filtrate (AF) 
HIgh MW fractIon 
HIgh MW fractIon (autoclaved) 
Low MW fractIon 
Low MW fractIon (autoclaved) 

NecrOSIS of calh 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

POSSIble nature of VF 

Heat-stable protem 
Heat-stable protem 

PhenolIc 
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Figure 4 3 Chromatogram of P cmnamoml samples usmg chloroform-acetic aCid (9 1) as eluent 
(A) crude filtrate, (B) high MW and (C) low MW 

44 ConclUSIOn 

Two major components of the necrosis-mduclllg factor m the crude filtrates of P 
cmnamoml are the cell wall degradIng enzyme polygalacturonase and low MW compounds 
HIgh actIVIty of polygalacturonase was eVldent as early as two days after start of culture and 
mcreased afterwards ThIs suggests an unportant role for polygalacturonase m the pathogenesIs 
of avocado by P cmnamoml 

We are sttll m the process of Isolatmg the components of the low MW fractIon that 
causes tlssue necrosIs ThIS component IS also heat stable as heaHreated fractions stIll cause 
necrosIs of callus tIssues 
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50 InductIOn of Root Rot Resistance ID Avocado by Somaclonal VarIatIOn and m 
Vitro DIrected Selection and AnalysIs of PutatIve VarIants 

ObjectIves 
I 

2 

3 

4 

To mduce root rot resIstance through somaclonal VarIatIOn Without usmg 
P cmamoml crude filtrate/toxm 
To mduce root rot resIstance through m vitro dIrected somaclonal 
VarIatIOn usmg P cmamoml 
To mduce root rot resIstance usmg dIrected somaclonal VarIatIOn usmg P 
cmamoml culture filtrate/toxm 
To analyze putatIve varIants 

5 1 In vItro selectIon of calh for resistance to P cmamomz crude filtrate 

To mduce reSIstance m cell cultures, embryogemc callI of avocado cv RCF 
Purple were cultured on MS medIum + 2mgIL BAP + 1 mg/L IBA (standard callus 
mamtenance medIUm) supplemented With 20, 40, 60 and 80% of the follOWing BSM 
(Basal salt medIum, Maas, 1973) alone, BSM + avocado roots umnoculated, BSM + 
roots moculated With P cmamoml, and crude filtrate of P cmamoml The addtIOnal 
components were eIther filter stenlIzed or autoclaved Cultures were mamtamed m an 
airconditoned growth room (25±2°C) under 16h lIght Callus regrowth was assessed 
after 15 days of culture SurvIvmg callI from all treatments were subcultured onto fresh 
standard mamtenance medIum every 4-6 weeks for 3 subculture cycles 

AddItIOn of P cmamoml eIther as moculated roots or crude filtrate to standard 
medIum mhibited callus regrowth by about 20% compared With treatments contammg 
BSM alone or BSM + unmoculated roots (Table 5 1) The regrowth of callus was lower 
when P cmamoml components were filter sterIlIzed than when autoclaved Some 
components of BSM and avocado root tIssues were also mhIbitory to callus regrowth as 
mdICated by 31 to 63% regrowth compared to 80% regrowth observed on callI grown on 
standard medIum The reduced callus regrowth With treatments contaImng P cmamoml 
mdicates that some substances produced by the orgamsm were mhibitory to callusmg 
(FIg 5 1) 

SurvIvmg callI from dIfferent treatments were eXCIsed and cultured on standard 
callus mamtenance medIum for 3 subculture cycles EmbryogenesIs rangmg from 33 to 
80% was observed on calh InItIally cultured on medIa With BSM +moculated roots whIle 
callI obtamed from treatments With crude filtrate showed embryogenesIs of 33 to 76% 
(Table 5 2) Some embryogemc callI obtamed from treatments With P cmamoml 
showed contmuous growth as mdicated by the mcrease m the number of callus cultures 
Most embryogemc calh showed dIfferentiatIOn of shoot-lIke structures Other survIvmg 
callI turned brown and dIed dUrIng subsequent subculturmg The reactIOn of these calh 
and shoot-hke structures to P cmamoml Will be determmed usmg the method developed 
m SectIOn 2 
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Table 5 1 Regrowth of RCF callI cultured on medIUm with or without P cmamoml taken after 15 
days of culture 

Media Treatment 

MS + 2 mgIL BAP + 1 mgIL IBA (standard medIUm) 

20% BSM + standard medIUm 

40% BSM + standard medIUm 

60% BSM + standard medIUm 

80% BSM + standard medIUm 

Mean response 

20% BSM + root umnoculated +standard medIUm 

40% BSM + root urunoculated +standard medIUm 

60% BSM + root urunoculated +standard medIUm 

80% BSM + root urunoculated +standard medIUm 

Mean response 

20% BSM +root moculated with P Cmamoml + standard medIUm 

40% BSM +root moculated Wlth P Cmamoml + standard medIUm 

60% BSM +root moculated Wlth P Cmamoml + standard medIUm 

80% BSM +root moculated Wlth P Cmamoml + standard medIUm 

Mean response 

20% P Cmamoml crude filtrate + standard medIUm 

40% P Cmamoml crude filtrate + standard medIUm 

60%P Cmamoml crude filtrate + standard medIUm 

80% P Cmamoml crude filtrate + standard medIUm 

Mean response 

% Callus regrowth 

filter stenlIzed 

33 

50 

50 

33 

42 

50 

100 

100 

75 

81 

40 

25 

25 

o 

23 

20 

25 

16 

25 

22 

AutocIaved 

80 

75 

50 

75 

50 

63 

25 

25 

50 

25 

31 

50 

75 

25 

o 

38 

25 

25 

25 

50 

32 
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Table 5 2 Regrowth of survIVing RCF calli obtained from dIfferent medIa treatments containing P 
cmamoml after 3 subculture cycles on standard callus medIUm 

Media Treatment Source No of survIvmg No of callus % Cultures 
callus cultures cultures after 3 showmg 

obtained from P cycles on embryogenesIs 
cmamoml medIa standard medIUm 

treatments 

20% BSM + standard medIUm 2 

40% BSM + standard medIUm 3 3 33 

60% BSM + standard medIUm 4 11 63* 

80% BSM + standard medIUm 6 9 100* 

20% BSM + root umnoculated +standard 2 4 75 
medIUm 

40% BSM + root umnoculated +standard 10 12 75* 
medIUm 

60% BSM + root urunoculated +standard 3 6 83 
medIUm 

80% BSM + root urunoculated +standard 3 4 100* 
medIUm 

20% BSM +root moculated With P 3 5 80* 
Cmamomi + standard medIUm 

40% BSM +root moculated With P 7 3 33 
Cmamomi + standard medIUm 

60% B SM +root moculated With P 2 3 66 
Clnamoml + standard medIUm 

80% BSM +root moculated With P 4 7 71* 
Cmamoml + standard medIUm 

20% P Cmamomi crude filtrate + standard 4 
medIUm 

40% P Cmamomi crude filtrate + standard 2 3 33 
medIUm 

60%P Cmamoml crude filtrate + standard 9 I3 76* 

medIUm 

80% P Cmamomi crude filtrate + standard 2 4 75 
medIUm 

*Cultures shOWing dIfferentIation of shoot-hke structures 



Fig 5 1 Response ofRCF calll to medium contammgP cmamoml crude filtrate (A) Inltlal callus explant used for m VItro selection (B) Brownmg of explant on medIUm With P cmamoml (C) Regrowth and OCcurrence of embryogenesIs from callI Imtlally grown on medIUm WIth P cmamomr upon culture on standard callus medlUm 
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5 1 1 ConclusIOn 

Embryogemc callI from treatments wIth P cznnamoml showed contInuous 
growth, most embryogemc callI showed dIfferentIatIOn of shoot-lIke structures The 
reactIon of these callI and shoot-lIke structures to P cznnamoml wIll be determmed usmg 
the developed method 

52 TestlOg resistance of calli to P cmnamonu by mycelIal attractIOn method 

Long term callus cultures of avocado genotypes/accessIOns RCF Purple, Sta Cruz 
and U2, U6, U7 and U8 WIll be tested for reactIOn to P cznamoml usmg the method 
developed m Study 2 
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The IsraelI team 

1 Tissue culturmg of Persea species 

1 1 Background 

TIssue culture system beIng aseptIc and fully controlled have been advantageously used for 

studYIng several phYSIOlogIcal aspects of avocado (Persea americana MIll), such as 

cytokmIn bIo~ynthesis (Blumenfeld and GazIt, 1971), and response of flower buds to 

envIronmental condItIOns (Schroeder, 1975a) Shoot cultures have been used for an efficIent 

prolIferatIon of hortIculturally Important clonal vaneties of avocado and other Persea specIes 

(Barnnger et al , 1996) P schledeana and P americana cv Duke 7 were clonally 

mIcropropagated as rootstocks resIstant to the root rot dIsease In avocado orchards (Cooper, 

1987, Gonzales-Rosas et ai, 1985, Harty, 1985) Parameters such as calh VIabIlIty, 

elongatIOn of stem, leaf and aXIllary bud (Young, 1983), and the morphogenesIs capacIty 

(Phego-Alfaro et al , 1987) were characterIzed for optImIzatIon of m vltro shoot propagatIOn 

(Schroeder, 1975b, Schall, 1987) The rapId In vltro propagatIOn of the vegetatIve materIal 

was utIlIzed for elImmatIOn of vIroid-hke orgamsms causIng sunblotch dIsease (Nel and 

Kotze, 1982) 

Shoot cultures of P mdlca, a hIghly susceptIble host of the root rot pathogen P 

cmnamoml, were used to study the mode of pathogenesIty of the IndIcated dIsease under 

controlled condItIons (Nel and Kotze, 1982, Nel et ai, 1982, 1983) 

A vocado calluSIng and morphogenesIs were done mostly by usmg the MS basal medIUm 

(MurashIge and Skoog, 1962), supplemented wIth sucrose, vItamms and combmatIOns of 

cytokmms and auxms (Barnnger et ai, 1996, Gonzales-Rosas et al , 1985, Mooney and 

VanStaden 1987, Nel et ai, 1983, Ph ego -Alfaro and MurashIge, 1988, PlIego-Alfaro et ai, 

1987, tPruSkI et al , 1996, Schall, 1987) However, other medIa such as WPM (woody 

plant medIUm, Lloyd and McGown, 1980, Cooper, 1987), Anderson rruneral salts and 

vItamms (Young, 1983) and DIxon and Fuller medIUm (Harty, 1985) have also been used 

for Peruattm vllro callu~mg and mIcroproPagatIOn 



EmbryogenIc avocado callus was developed from Immature zygotic embryo~ explants on 

MS medlUm contaInIng the aUXIn picloram (Mooney and VanStaden, 1987, PlIego Alfaro 

and MurashIge, 1988) However, the capabIlIty for m vltro regeneratIon of many woody 

specIes InclUdIng avocado, IS restncted and seems to be lmllted to JuvenIle matenal (PlIego­

Alfaro et al , 1987) A procedure of repetative somatIC embryogenesIs from cell suspenSIOn 

cultures of avocado was used (Cruz-Hernandez et aI, 1998) for genetIC transformatIOn 

However, m fact, regeneration of a complete and normal plant from m vltro cultures of 

avocado on a large scale has not yet been achIeved Only a small percentage of green shoots 

and normal leafy plantlets were regenerated (Mooney and VanStaden, 1987, PlIego-Alfaro 

and MurashIge, 1988) 

1.2. Plant sources for tIssue culturing 

CallI have been denved from 8 Persea speCIes and vaneties that have expenenced varymg 

levels of reSIstance to P cmnamoml (Table 1) P cmerascens (Zentmyer 1980) and P 

borboma (Zentmyer and Schroeder 1954) were conSIdered hIghly reSIstant to P 

cmnamomllEtP mdlca (Nel et al 1983) and the avocado (P amencana) cv Topa 

topa were conSIdered susceptIble P schledeana var 0755 was conSIdered moderately 

reSIstant (Zentmyer and SchIeber 1992) Avocado vars VC 6, VC 51 and VC 66 are 

West-IndIan vegetative clones, WhICh were ongInally selected as rootstocks tolerant to soIl 

stress (Ben-Ya'acov 1993) Under heaVIly mfested SOIl condItIOns, VC 6 and VC 51 

wereffound to be susceptible and VC 66 found to be relatIvely tolerant to P cmnamoml 

(ZIlberstame et al 1992, Ben-Ya'acov and Zilberstame, unpublIshed data) 

The P borboma tP cmerascens and P schledeana var 0755 used m the present 

study were 4-7-year-old trees that were grown outdoors m the germplasm collectIon plot at 

the Volcam Center, Bet Dagan, Israel The P mdlca, P amerzcana cv Topa topa and P 

amerzcana vars VC 6, VC51 and VC66 were seedlIngs that were grown m 2-4-1 pots of 

soIl, under growth chamber conditIOns of 250C, 12-h photopenod proVIded by cool whIte 

fluorescent lamp (13-15 J.lmol m-2 s- l hght mtensIty) and 60% relative hunudity 

1 3 Effect of explant source on callus mductIon 

Several plant parts of Persea speCIes and vaneties were tested for theIr callus InductIOn 

potential (Table 2) All vaneties were cultured on medlUm (1), except for RCF Purple, 

WhICh was cultured on medlUm (IV) The axIllary bud and the leaf petIOle were found to be 

the best for IndUCIng callI tor all vanetle~ except for P borbonw callI WhIch were better 
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mduced from mature seed Consequently, petioles were used routmely for callu<; 

mductIOn 

U~mg a common explant tIs<;ue for culturIng of five dIfferent Persea speCIes, gIves us a 

good chance to use the same explant succeSSIvely for cultunng other Persea speCIes and 

varIeties necessary for studymg of theIr m vitro response to P cmnamoml mocuiation 

Table 1 The respon~e of Persea speCIes to Phytophthora cmnamoml t 

Plant Response 

P cmerascence reSIstant 

P borbonza reSIstant 

P schledeana x P americana 0755 moderate reSIstant 

P americana Topa topa susceptIble 

P mdlca susceptIble 

P americana VC 6 susceptIble 

P americana VC 51 susceptIble 

-"P--"a:::..:m=e'-'-r=lc=a=na=-C=-o6""'6"'--__________ moderate reSIstant 

1 4 Effect of medIUm composItion on callus mductlon and development 

Four dIfferent compOSItIOns of callus mductlOn medmm were exammed (1) MS basal 

medIUm (Murashige and Skoog, 1962, SIgma) 4 4 g, 30 g sucrose, 0 1 g myo-mosItol, 100 

J..lg each of thlamme -HCI, pyndoxme-HC1, nICotmic aCId-HCI and 4-ammo-3,5,6 

tnchloroplcoltmc aCId (picloram, Aldnch) (per ltter) VItamms were filter-stenlIzed 

separately and added to preVIOusly autoclaved medIUm (Prusky et al , 1996) (ll) MS basal 

medIUm 44 g, supplemented WIth 30 g sucrose, 0 1 g myo-mositol, 400 J..lg thlarrune-HCL 

,1 mg 6-benzyl ammopunne (BAP), 2 mg naphthalene acetIc aCId (NAA), 10 mg 2,4-

dichloroacetIc aCId ( 2-4, D), 2 5 g charcoal per lIter (Ill) WPM basal medIUm (SIgma), 30 

g sucrose, 0 1 g myo-mositol and 50 J..lg 2,4-D (per lIter) (IV) MS basal medIUm with 

macro-nutnents at half-strength, sucrose 30 g, myo-mositol 0 1 g (per lIter) and varIOUS 

concentratIOns of 2,4-D and BAP 

The pH of all medIa was adjusted to 5 7 before autoclavmg MedIum (1) was 

solIdIfied WIth Phytagel (3 gil, SIgma), the other media were solIdIfied WIth Bacto-agar (42 

gil Dlfco) Culture~ were mcubated at 25-2S0C under lIght (17-35 J..lmol m-2 ..,-1,16 h 
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photopenod) or dark condItIOns, at 60% r h The expenments were set up 10 a completely 

randomIzed desIgn arranged 10 factonal treatments Subcultunng was performed every 3-4 

weeks 
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The effect of medIUm compOSItIOn on callus Imtlatlon showed that medIUm (1) was the 

most sUItable and YIelded approXImately 100% callus10g of the explants 10 the vanetles 

exarruned WhIte undIfferentIated tIssue developed 7-14 days after placement on the medIUm, 

at the edges of the cut borders of the explant, whether petIOle or seed Some 2-3 weeks later 

when callI reached 0 5-1 0 cm dIameter, they were cut from the explant and subcultured on 

medIUm (I) The developed yellOWish-whIte callI were grown for at least 4 weeks, before 

they turned brown and ceased to develop Media (11) and (m) gave very poor callus 

1OductIOn, and browmng occurred wIth10 2 weeks In medIUm (1), some of the vane tIes (P 

cmerascens, P schledeana var 0755, P amencana cv Topa topa, P mdlca and P 

amencana VC 66) developed whIte, hard compact callI after a few months of subcultunng, 

and had to be cut WIth a scalpel for the contmued routme subcultunng P borboma callI 

were compact and soft, P amencana vars V C6 and V C51 callI were fnable and 

breakable 

Subcultunng on medIUm (I) was done by transferrmg 6-10 mm diameter pIeces of 

callus onto fresh medIUm, although for most species (all except VC 6), smaller calh pieces of 

3-5 mm diameter developed mto callI as well 

Callus growth was measured as added fresh weIght (Fig 1) The generatIOn tIme was 

calculated as the tIme elaps10g untIl double weIght attamment at the log growth phase 

Accord1Og to the growth rate data, the proper subcultunng 10tervals and tmung for 

establIshment of suspenSIon cultures were determmed for the dIfferent speCIes and vanetles 

The most rapIdly grow1Og callI were vars VC 66,Topa topa and 0755 No relatIOnshIp 

was found between callus growth rate and either callus color or plant reSIstance to P 

cmnamoml However, there was a POSitIve correlatIOn between callus growth rate and the 

abilIty to grow as suspenSIOn cultures CallI WIth rapid exponentIal growth phase were 

subcultured at shorter tIme mtervals 

1 4 Development of cell suspenSIOn 



tCell suspenslOnmg was performed on hqUId medIUm (I) All VarIetIes except P americana 

var VC6 developed suspensIOns At 2 weeks after subculturIng, the translucent lIqUId phase 

turned opaque gradually Cell concentratIOn mcreased m 4 weeks from approxImately 3-

8x102 cells/ml to app 5-15x104 cells/ml (packed volume of 2-5%) At that stage, cell 

suspensIOn was spread over solId medIUm (I) (0 1 ml of suspensIOn, 5-15x 103 cells per 

petrI dISh of 90x 15 mm) Cells growth for 4-5 weeks on solIdIfied medIUm YIelded a vISIble 

layer of cells In some parts of the cell layer, cell clusters developed more than m others, and 

small callI appeared after addItIonal 4-6 weeks 
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Table 2 Effect of plant source explants from varIOUS Persea speCIes and vanetIe<; on callus 

mduction 

Plant source Bud PetIOle Stem Seed Blade 

P cmerascens ++ ++ + * + 

P borboma + + ++ 

P schledeana var G755 ++ ++ * * 
P amerzcana cv Topa topa ++ ++ * 
P mdlca ++ ++ * 
P amerzcana cv RCF Purple * * * ++ * 
P amerzcana var VC6 ++ ++ * * * 
P amerzcana var VC51 ++ ++ * * * 
P amerzcana var VC66 ++ ++ * * * 

*, not tested, +, ++, relative SIze of healthy callus WhICh developed, -, no callus 

developed 

2 Pathogen culture preparatIOn 

2 1 Pathogen Isolates 

Two Isolates of P cmnamoml were used for moculatlon a hIgh-vIrulence Isolate (HVI), 

collected at Mishmar-Hae'meq, Israel, and a low-vIrulence Isolate (LVI), collected at 

Bareqet, Israel (ZIlberstame and Pmkas 1988) Both Isolates were grown on a V8 medIUm 

One can of commercIal V8 JUIce (295 rnI) was nuxed with 2 95 g CaC03 and centnfuged 

(7000 g) for 20 mm The supernatant was brought to a final volume of 1475 ml by addmg 

dIstIlled H20 MedIUm solIdIficatIOn was done by addmg agar 2% The pH was adjusted to 

6 4 before stenlIzatIOn m an autoclave Fungal mycelIum was moculated eIther dIrectly onto 

the V8 solIdIfied medIUm or onto a stenle pIece of nuracloth, WhICh had been laId over the 

V8 medIUm The cultures were Incubated at 25°C In darkness 

2 2 Production of sterIle P cmnamoml zoospores 

Stenle P cmnamonll zoospores were produced m order to eXJllllne theIr attractIOn and 

theIr growth r.lte onto dIfterent tl,>,>ue culture~ and root<; of Penea specIe'> Zoo'>pore'> 
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were also u'>ed for studYIng electncal changes and membrane leakage of ~uspended cell 

subjected to zoospore moculation 

Procedure for zoospore productIOn 

1 Fresh (4 days) culture of the fungus was used as a source for zoospores Few (l0-

20) pIeces (0 5 cm diam In sIze) of agar V8 WIth tungal hyphae were cut from the outer 

edges of the fungal. culture and transferred mto dI~hes contaInIng lIqUId V8 medIUm 

dIluted 1 9 They were mcubated for 16-19 hrs at 250C In the dark for mycelIal growth 

2 Agar pIeces were washed 6 times hourly, m mmeral solutIOn 

Mmeral SolutIon Ca(N03)2 0 01M, KN03 0005M, MgS04 0004M, Chel..lted 

Iron 1 mI, In 1000 ml deIOnIZed water 

Chelated Iron EDTA 13 05 g, KOH 75 g, Fe SO" 7HzO 249 g, 10 1000 rnl of 

deIOnIZed water 

3 Fungal mycelIUm was Incubated 10 rruneral solutIOn at room temperature under 

2X40 w fluorescent lamps for at least 18 hours 

4 Mmeral solutIOn was dIscarded and replaced by stenle dH20 After mcubation at 

40C for 20 mIn , dIshes contaInmg mycelIum were put In room temperature Zoospores 

release started withm 30 rrun , and they were motIle for 30-90 rrun until encysted 

3. InoculatIOn of Persea cultures WIth P Clnnamoml 

CallI were studIed for theIr response to moculatIOn WIth P cmnamoml TheIr reSIstance 

response was compared to that of the orIgmatIng source plant InoculatIOn was done In 4 

ways 

3 1 Direct Inoculation 

CallI of dIameter of 1 5-20 cm were moculated WIth the fungal mycelIUm Inunedlately after 

bemg transferred to medIUm The composItion of the callus medIUm may mterfere 10 the 

mteractIOn between the host callus and the pathogen fungus To aVOId such mterference the 

dIrect callus moculatIOn was performed onto a water agar medIUm 

A small pIece (Ix 1 mm) of rrurac10th supportmg 1O-12-day-old fungal mycelIum was 

laId dIrectly 10 the center of each callus Inoculated callI were mcubated at 25°C and 60% 

relatIve hurrudIty, eIther In lIght (12-h photoperIod, 17-35 Jlmol m-2 s-1 lIght mten'>Ity) or 

In darkness 

3 2. Indirect Inoculation of callI through fIlter membrane 

For mdirect moculatIOn through d membrane,a wet Whatman paper no 1 (90 mm 10 

diameter) wa~ laid 10 an empty sterIle PetrI dish A round piece (65 mm 10 dIameter) of 

mlr<lc!oth ,>upportmg fung<ll mycelIum W<lS laId over the paper <lnd a ,>tenle polycarbon<lte 
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membrane (04 J.lm pores, 76 mm In diameter, by PoretIcs) was laId on top of the 

miracloth Above the membrane, three or four callI of one Persea specIes were laid 

Inoculated callI were Incubated at 250C, 60% relatIve hUmIdIty, eIther In lIght (l2-h 

photoperIod, 17-35 J.lmol m-2 s-1 lIght intensIty) or In darkness 

A scheme of mdirect moculatIOn procedure 

------------------------- callI 

filter membrane 

miracloth wIth mycelIUm 

wet Whatman paper 

dISh 

Each experIment was performed wIth all Persea speCIes and the 2 Isolated of P 

cmnamoml Results are shown m FIg 7 Results show no clear correlatIOn between the 

resIstance level of callus plant source and callI response to the indIrect moculatIOn, eIther 

by HVI or by LVI 

3 3. IndIrect InoculatIOn: Inoculum laId In a dIstance from 

callI 

indIrect moculatIOn of the callI was done In order to study the CO-Influence of vegetative 

and pathogemc substances on the fungal - callI interactIOn, and compare It to the 

reSIstance reactIOn of the orIginating plant The indIrect moculatIOn also enabled us to 

compare the rate of mycelIal colony growth m a petrI dISh, as Influenced by 2 dIfferent 

callI that were laid m ItS OppOSIte dIrectIOn and maXImal dIstance from the Inoculum 

For moculatIOn, 2 callI were transferred Into poor agar medIUm and laId at the edge of a 

petrI dIshes, opposmg each other A small (lxlmm) sectIOn of mlfacloth supportmg 

fungal mycelIum of 10-12 days old was laId m the center of the dIsh, at a dIstance of 4 5 

cm from each callus 

The fungal colony was followed dally to measure ItS growth rate m terms of colony 

dIameter, thIckness and growth pattern PrelImInary results indIcated on more VIgorous 

growth of the fungal mycelIum toward the reSIstant callus (see FIgS 9,10 In the 

IntermedIate Report for the perIod of 1 1 96-31 5 97) However, thIS experIments 

repeated many time and the results were not reproducIble 

3 4. InoculatIOn of callI with zoospores 
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As moculatIOn m nature occured by zoospores, we studIed whether thIS was po';sIble 

also m VltlO InoculatIOn was done by mtroducmg zoospores to callI eIther dIrectly or VIa 

gld~S tube through whIch we could follow mIcroscopIcally the zoospore movement 

When Persea callI moculated wIth zoospores, maSSIve hyphae were developed m them 

Imtial results demonstrated zoospores movement preferably towards reSIstant denved 

callI More expenmenb regardmg zoospores movement towards dIfferent callI are now m 

process 

4. QuantItatIve response of necrosIs and peroxidase actIvity for 
expressing reSIstance to Phytophthora Clnnamoml In Persea 
callus cultures 

4 1 Background 
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It has been ~hown that plant reSIstance to P cmnamoml can be expressed at the callus 

level m avocado (Phillips et al 1991) and several other native and hortIcultural specIes 

(McComb et al 1987) The rate of hyphal extensIOn across the callus surface was correlated 

with the susceptIbIlIty of the plant from WhICh the callus was denved (McComb et al 1987, 

Phillips et al 1991) The callus response mdicated that the reSIstance level IS detenruned by 

phySIOlogICal or bIOchemIcal factors, rather than anatomIcal ones (PhIllIps et al 1991) There 

IS eVidences that brownIng IS mvolved In reSIstance of mtact tissue the brownmg response 

of roots to moculatIOn WIth P cmnamoml zoospores was greater m the more tolerant 

Eucalyptus host (Byrt and Holland 1978) PhenolIc compounds m mature leaves of several 

avocado selectIOns were associated WIth tolerance of these selectIOns to P cmnamoml 

(Brune and van Lelyveld 1982) It has been qualItatIvely observed that callus cultures 

denved from reSIstant speCIes responded to P cmnamoml moculatIOn WIth fast (PhIllIps et 

al 1991) and more mtense (McComb et al 1987) brownmg The brownmg mechanIsm and 

peroXIdase actiVIty have been assocIated WIth reSIstance to msects m callus tissue (Dowd and 

Norton 1995) Systerruc mcrease of perOXIdase resulted from P cmnamoml mfection of 

avocado roots m tolerant plants (van Lelyveld and Brodnck 1975), suggestmg that 

peroxidases contnbute to the brownmg response through OXIdatIOn of phenolIc aCIds, and 

thereby enhance reSIstance LOW-VIrulence Isolate (LVI) of P cmnamoml has been found m 

Israel (ZIlberstame and Pmkas 1988) by usmg thIS and hIgh-VIrulence Isolate (HVI), m a 

comparative manner It WIll be po~sIble to Improve the charactenzatIOn of the reSIstance 

reactIon m the m VItro system 

The ObjectIve of the present study was to charactenze and quantIfy the re~pon~e~ of 

necro~l~ development and peroXidase actIVIty to moculatIOn WIth P cmnamonll on cdlh 

denved from eIght Perua VdnetIe~ dnd speCIe'> WhIch expressed varymg degree,> of 
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re'>lstance to the pathogen The expected results would be mtegrated mto the 10 Vitro '>electlOn 

procedure for new genotypes reSIstant to P cmnamoml 

4 2 The evaluatIon of callus necrOSIS 

The callu~ color change resultmg from the moculatlon was evaluated 10 three way~ 

ViSUal evaludtlOn callus color mtenslty was ranked from 0 to 5, With 0 representmg non­

moculdted control callus and 5 the most necrotIc one The necrosIs mdex was calculated by 

multIply 109 the color rank by the percentage of callus surface havmg that color 2 

ColonmetrIc analysIs a 3-g of callus tIssue was ground m 15 ml of phosphate buffer (0 05 

M, pH 72), centrIfuged (48,000 g, 10 nun) and vacuum filtered through Whatman no 1 

paper The optIcal denSIty of the filtrate was measured by spectrophotometer at 510 nm 3 

Chromameter andlysis calli were color analyzed with a Mmolta C-200 chromameter, WhICh 

measures the color reflectance of surfaces Callus color was measured on an 'L' (hghtnes,> / 

darkness) scale, on WhICh a hIgher value mdicates a lower color mtenSIty 

4 3 The measurement of peroxIdase specIfiC actIvity In callus 

The peroxIdase specIfic aCtiVIty was deternuned accordmg to Hammerschrrudtfetfal (1982) 

With modification Two grams of Persea calh (14 days after subculturIng) were ground With 

2 ml of sodIUm phosphate buffer (005 M, pH 60) at 4°C The extract was centrIfuged 

(31000 g, 20 mm) and the supernatant was used as the enzyme fractIOn 

Protem concentratIOn was measured accordmg to Bradford (1976), with Coomassle 

BrIlliant Blue 0-250 (SIgma) as a color reagent Protem solution (5-10 f.11) Wd~ nuxed WIth 

3 0 ml of the diluted (x 5) color reagent, and the optical denSIty was deternuned by 

spectrophotometer at 595 nm Bovme serum albumm (1-10 f.1g) was used as a standard A 

sub~trate nuxture compnsmg of 100 ml sodIUm phosphate buffer (0 01 M, pH 6 0), 10 ml 

guaiacol 1 % methanol 50%, and 10 ml H202 0 03% was freshly prepared, and was 

° mcubated for 30 nun at 25 C A reactIOn mIxture comprIsmg of 1350 f.11 substrate nuxture, 

50 III sodIUm phosphate buffer (0 05 M, pH 6 0) and 3-5 Ilg of enzyme fractIOn, was 

prepared m dIsposable spectrophotometer qUlvettes The reactIOn was started by addItIOn of 

the enzyme fractIon to the mIxture, and the reactIon wa~ followed 10 the spectrophotometer 

(470 nm) for 3 mm SpeCIfic actIVIty of Prx was defined as tl.OD nun- 1 mg-protem- 1, m a 

range of constant colour change WIth tIme 

4 4 Effect of P ClnnamOml on necrosIs development In resistant and 

susceptible Persea calli 



The objective of the pre~ent work was to exanune whether the traIt of resistance to P 

CInnamOml expres,>ed In mtact avocado plants could also be expressed In the denved calli 

Up to now, no re~lstant rootstock has been efficient enough to be generally Introduced 10 

commercial avocado orchards Therefore, It was necessary to mclude In our present 

expenments vanetles from other Persea species than avocado, that had been considered 

highly resistant to P cmnamonll Such specIes are P CInerascens (Zentmyer 1980) and P 

borboma (Zentmyer and Schroeder 1954), although they are both graft-Incompatible With 

the commercial frUitlOg avocado 

PreVIOUS studIes were undertaken to exanune the In VItro / In VIVO relatIOnshIp with 

regard to resl~tance to P CInnamOml In avocado (PhIlhps et al 1991) and other specIes 

(McComb et al 1987) The re~lstance was assessed by quantitative measurement of the 

hypha1 extension rates across the callus surface In the present In vitro / In VIVO companson 

system, mvolvIng a relatIvely large sample of eIght Persea vanetIes, such measurements 

were dIfficult to apply and dId not dlscnrrunate adequately among the tested vanetIes (data 

not presented) Development of necroSIS m response to the pathogen mocuiation seemed to 

be eaSIer to detect and to quantIfy, whIch IS Important for a rapid selectIOn procedure 

Thlstapproach was eVIdently Justified SInce brownIng development and Increased peroXIdase 

actIVIty have been found to be assocIated WIth the reSIstance response (Brune and van 

Lelyveld 1982, Byrt and Holland 1978, Dowd and Norton 1995 McComb et al 1987, 

PhIlhps et al 1991, van Le1yveld and Brodnck 1975) 

CallI denved from plants expressed vaned degrees of reSIstance to P CInnamOml, 

developed necroSIS at diffenng speeds and color IntenSItIes In response to dIrect moculatIon 

with the HVI of the pathogen (FIgS 2, 3) Calli that were denved from reSIstant plants (P 

CInerascens and P borboma) developed necrOSIS that started WIthIn the first day of 

mcubatlon m darkness By 1 day after moculatIOn, the necroSIS spots were 1-2 mm m 

dIameter, and theIr brown-black color sharply contrasted WIth the whIte surroundmgs tIssue 

Withm the next 2 days the necroSIS borders spread rapIdly (3 1-45 necroSIS mdex umts per 

day) towards the edges of the callI The fungal hyphal growth was not confined withm the 

necrotIC surface area, and It reached the agar medIUm withm approxImately 3 days after 

mocuiation The necroses at the moculatIon SItes of the Intennedlately reSIstant speCIes (P 

shledeana var G755) were lIght brown, WIth no sharp margms between necrotIC and Viable 

tIssues (FIg 2) The expenmental rootstock VC 66 reacted slIrularly to G755, as 

mtennedIately reSIstant, WIth reddIsh-brown necroses (FIg 2) No necroses developed 

wlthm the first 2 days after mocuiation m callI denved from the susceptible expenmental 

vanants VC 6 and VC 51, the color remamed unchanged, snrularly to the non-moculated 

control calli (FIg 2) However, some necroses m VC 51 started to become VISIble withm the 

next 2 day~ (FIg 3) CallI denved from the ~u~ceptible plants (avocado cv Topa topa and P 

mdlCa) ~tarted to develop necro..,e~ at low rate~ (09-1 3 necro~l~ Index umt~ per day, Fig 
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Fig 3 The development of necrOSIS on Persea callI In response to inoculation with hlgh­

virulence Isolate (HVI) of P cmnamoml CallI of Per.lea specIe!:> were cultured In lIght over a 

w..!ter-agar medIUm NecrosI!:> Index was determIned by multiplIcatIOn of the vIsual assessment 

of color Inten!:>lty (ranked on a 0-5 scale) by the percentage of caIlu!:> surface that turned 

necrotIc E..Ich pomt represent" ..In ..Iverage (±S E) of 10 replIc..Ite!:> ot CJIlu!:> thJt were cultured In 
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Table 3 Visual a~~e~sment of necrosIs developed on callI denved from Persea specie,; and 

vanetles revealed varymg degrees of resistance to Phvtophthora cmnamoml The values are 

number of days after moculatlOn with the hlgh"tVlrulence Isolate of P cmnamoml when 

necrosl'; reached 50% of the maximal values of NecrosIs Index (NI 50) The mcubatlOn was 

m darkness 

Resistant 

Moderately resistant 

Susceptible 

Persea specIes and vanetles NI 50 

P cmerascens 
P borboma 

G755 
VC66 

Topatopa 
P mdicia 
VC6 

VC51 

A 218 
A 196 

AB 3 61 
A 262 

AB 548 
BC 767 
BC 637 

C 100 

Average 

207 

3 12 

7 38 

Means with the same letter do not differ slgmficantly at P=O 05, by Duncan's multiple 

range test 

was delayed CallI denved from vanetles that were considered susceptible, seemed to be 

dIvided between those that developed partial and delayed necrOSIS (P mdlca and P 

amencana var Topa topa), and those that showed hardly any VISible changes (Persea 

americana VC 6 and VC 51) By usmg the NI 50 mdex It was possIble clearly to dIstmgUIsh 

the dIfference m tIme response between the susceptlble- and the reslstant-ongmated groups 

of callI ThIS difference m necrosIs development responses makes It possible to dIscnrrunate 

among callI havmg graded levels of reSIstance It seemed that the proper tIme for performmg 

such an assessment IS after around 48 h In darkness, followmg moculatIOn 

PrevIOUS data obtamed by moculatmg callI WIth P cmnamoml (PhIllIpS et al 1991) 

suggested that the P shledeana vanety G755 (,MartIn Grande') was moderately reSistant, 

although It had been selected as hIghly reSIstant Our results (Fig 2, Table 3) support thIS 

suggestIOn, as callI of G755 turned necrotIc brown later than the reSIstant callI, WIth an NI 

50 around 3 6 days It IS suggested here that the expenmental P americana VC 66 IS a 

moderately reSIstant clone, WIth NI 50 showmg a delay relative to the resistant speCIes, 

although It dId not dIffer statI~tIcally from them (Figs 2, 3, Table 3) IntermedIate field delta 

(ZIlberstame et al 1992) support thIS suggewon 
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4 5 Effect of hght on necrosIs development 

P cmnamoml IS a solI pathogen whIch IS naturally active 10 roots 10 darkness, whIch was 

the reason for exam10mg the effect of hght on the host-pathogen (HVI) mteractlOn (FIg 4) 

The results showed a delay 10 necrosIs development under hght condItions, partIcularly for 

the fast-re~pondmg calh of the resIstant specIes (P cmerascens and P borbonza, FIg 4) 

and for Topa topa Nevertheless, the quantItatIve dIfferences 10 necrosIs development, 

between the resIstant and susceptible speCIes, perSIsted under the hght condItions as well 

(FIgS 3, 4) It IS therefore proposed that the resIstance response of plant roots to the 

pathogen IS hkely to be more mtensive under darkness 10 companson to hght 

4.6. The response of Persea callI to InoculatIOn wIth HVI and 

LVI 

HVI and LVI dIffer sIgmficantly 10 theIr VIrulence agamst roots of 10tact avocado plants 

(ZIlberstame and Pmkas 1988), and companson between the two Isolate~ enables better 

charactenzatIon of the reSIstance response CallI were therefore maculated WIth the two 

Isolates under lIght and dark condItIOns (FIg 5) 

Except for P cmerascens 10 darkness and VC 51, whIch dId not develop a sIgmficant 

level of necrosIs under eIther lIght10g condltlOn, the necroses developed 10 response to LVI 

were greater than or equal to those developed 10 response to HVI maculation (FIg 5A, 

B) ThIS dIfference between the Isolates may support the suggestIon that the reSIstance 

response to LVI IS clo~ely related to the more rapId and more mtense necrOSIS development 

The compansons between the lIght and dark condItIOns showed that the LVI I HVI ratlO of 

necrosIs ehcItatIon was hIgher under hght than 10 darkness (FIg 5C), probably because of a 

lower necrOSIS ehcItatIOn of HVI 10 hght However, the 1Oter-relatIOnships among the tested 

vane ties 10 theIr ratIOS of LVI to HVI- 10duced necroses were sIffiIlar under both condItIOns 

Topa topa showed the highest, P cmerascens the lowest, and VC 66 and P borbonza 

mtermedtate values of LVI I HVI ratIO (FIg 5C) It means that the dIscnffiInatIOn 10 necrOSIS 

ehcHatIOn between LVI and HVI IS mamly 10fluenced by the maculated varIetIes and less by the 

lIghtmg condItIOns that had a siffillar effect on the both Isolates 
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D LIght 

~ Darkness 

P cmeras(ens P borbonza Topa topa VC 51 VC66 

P e rcea specIes and vanetIes 

Fig 4 The etfect of lIghtnmg condItions on necrosIs re~ponse of Persea callI to 

mocul.ltlon with high Virulence I'>olate (HVI) ot P cmnanlOnll The vJlues .Ire averages (±S E) 

ot 10 CJIlt thJt were wltured on .I wJter-JgJr medIUm m ~epJrJte dl,>he~ Necro~l~ mdex WJ'> 

J'>'>e'> ... ed "1'>uJlly :2 dJy'" Jtter mOWIJtlOn J~ de,>cnbed m FIg 3 
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FIg 5 Companson of necrosIs development m Persea calli between hIgh-vIrulence Isolate 

(HVI) and low-vIrulence Isolate (LVI) of P cmnamonll The value~ .Ire aver.Iges (±S E) of 10 

cillh th,lt were cultured under either hght or d.Irkne~~, on .I w.Iter-ag.Ir medlUm m ~epMate 

dI~he~ NClro ... I ... mdex Wa~ d~~e~~ed vl~ually 2 d.Iy~ after Inocu!.ltIon .I~ de"'lnbed In FIg 3 
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47 Effect of HVI on specific activity of peroxidase m Persea calli 

The peroxIdase specIfic actIVIty was hIgher In callI of resIstant ongIn than In of non-resIstant 

ongIn (FIg 6) The expenmental var VC 51 callI expressed low peroxIdase specIfic actIvity, 

whIle the enzyme actIvIty In VC 66 callI resembled those In callI denved from the resIstant P 

cmerascens and P borboma 

ThIS reactIOn can be used as an another IndIcator for the resIstance level of an unknown vanety 

of Persea By thIS reactIOn It was possIble to reconfinn the resIstant trait of the expenmental 

avocado VC 66 clone In contrast to the extreme susceptIbIlIty of the VC 6 and VC 51 clones 

(ZIlberstaIne et al 1992, Ben-Ya'acov and ZIlberstaIne, unpublIshed data) The response oftthe 

peroxIdase specific actIvity correlated sIgmficantly wIth the necrosIs development as Indexed 

visually (Fig 7 A) ThIS correlatIOn rrught support the prevIOus work concerning the expression 

of Insect resistance In callI, In which enhanced peroxidase activIty was assocIated wIth brown 

callus and a hypersensItIve-lIke reactIon (Dowd and Norton 1995) The elevated peroxIdase 

actIVity In callI ongInated from resistant sources (FIg 6) IS In consistent with the systerruc 

Increase of peroxidase, WhICh resulted from InfectIon of avocado roots In tolerant plants by P 

cmnamoml (van Lelyveld and Brodnck 1975) van Lelyveld and Brodnck (1975) suggested 

that peroxldases contnbute to the browmng through oXIdatIOn of phenolIc aCids, thereby 

enhancing the resistance of the surroundIngs of the necrotIc tissue, and our pre~ent results 

could be consistent with this suggestIon However, VC 66 seemed to be sIgmficantly distant 

from the regressIOn lIne (FIg 7 A), IndicatIng that thIS clone showed a high level of peroxidase 

specific actIvity, WhICh was not fully expressed In necrosIs development 
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Incubated 10 dJrkne..,~ PeroxldJse enzyme.., were extrJcted from the callI :2 dJys after 

InOCUIJtIOn Jnd eVJluJted colonmetncJlIy for ~pecItic JCtlVlty 



4.8 CorrelatIOn of vIsual necrOSIS Index with peroxIdase 

specIfIC actIvIty, MInolta chromameter and spectroscopIC 

measurements of necrOSIS 

80 

In addItiOn to the vIsual evaluatIOn, two other procedures were used for quantItatIve 

evaluatIon of necroSIS mtensity Callus surface color measurement WIth the Mmolta 

chromameter, and spectroscopIC measurement of the color of the lIqUId extracted from the 

moculated callus tIssue These two procedures should proVIde more ObjectIve evaluatIon of 

the necroSIS response than VIsual evaluatIOn Both of the measurement technIques were m a 

SIgnIficant correlatIOn WIth the VIsual assessment (FIg 7 B, C) The correlatIOn of the VIsual 

necrosIstmdex WIth the 'L' scale values of the Mmolta chromameter was more SIgnIficant 

(FIg 6B) than that WIth the spectroscopy procedure (FIg 7C), probably because the VIsual 

and the Mmolta chromameter methods are both assessmg the surface color For lIrruted 

necrotIC area the use of Chromameter IS advantageous Eeach necroSIS assessment technIque, 

WhICh was exammed m the present study, could potentIally be used for detectmg and 

~electmg necrotIc vanants 

The effect of the pathogen-callus mteractIon on the hyphal extenSIOn, WhICh could be a 

clear mdicatIon of the extent of the reSIstance of the callus Itself, was not addressed m detarl 

m the present work However, hrrutation of hyphal growth on callI has been found to 

correlate WIth the reSIstance oftthe plant sources 10 preVIOUS studIes (McComb et al 1987, 

PhIllIps et al 1991), 10 whIch the browmng was observed more extensIvely on callI from 

resI"tant than from susceptIble plant sources It appears, therefore, that necrOSIS 10 callus 

cultures IS probably a hypersenSItIve response reactIon (HR) HR has been defined as the 

death of host cells withm a few hours of pathogen contact, whIch could be caused by vanous 

mechanIsms (Hammond-Kosack and Jones 1966) In the present study, the average 

necroSIS mdex was calculated separately for each of the reSIstant, moderately reSIstant and 

susceptIble groups of vaneties The average necrOSIS mdex of the reSIstant or the moderately 

reSIstant groups of vanetles, 1 day after moculatIon WIth HVI, was 12-15 tImes greater than 

that of the susceptIble group of vanetles, thIS dIfference gradually decreased with tIme (fIg 

8) In response to LVI the resIstant/susceptIble ratIO was lower ImmedIately after moculatlon 

and remamed at the same level ThIS appears to proVIde an explanatIon for the dIfference m 

VIrulence between HVI and LVI, smce the susceptIble callI responded to HVI moculatIOn 

WIth a lower mtenslty of HR than the reSIstant callI, while they exhIbIted almost the same 

level of HR 10 response to LVI 

It can be concluded that the necroSIS response to P cmnamoml moculatIOn m callus cultures 

could potentIally be apphed as an mdicator for reSIstance m mtact plants of avocado and 

related Persea speCIes ThIS m vitro sy~tem mIght be helpful for fa~t dIagno~ls and selectIOn 

of new clones resI"tant to the root rot pathogen 
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4 7 ConclusIOn 

The ObjectIve was to charactenze and quantify the re~ponses of necrosIS development and 

peroxIda~e .1CtlVlty to maculatIOn wIth Phytophthora cmnamoml Rands (the sOlI-borne 

pathogen causmg the root rot dIsease 10 avocado)fon calh denved from plant~ of eIght 

Persea VarIetIes and specIes Calh ongmated from resIstant (P cmerascens P borboma) 

moderately reSIstant (P schledeana var 0755), and susceptIble (P mdlca P amencana 

var Topa top a) and vegetatIve clones of expenmental avocado (P amencana) rootstock::. 

(VC 6 VC 51, VC 66) were moculated dIrectly WIth fungal mycelIum of eIther a hIgh­

VIrulence Isolate (HVI) or a lOW-VIrulence Isolate (LVI) of the pathogen CallI orIgmated 

from reSIstant plants developed dark brown necroses wIth10 1-2 d of bemg dIrectly 

maculated with HVI, whIle susceptible callI reacted less rapIdly, If at all Such a correlatIOn 

was not sIgmficant 10 1OteractIOns with LVI moculum The average necroSIS mdex of the callI 

from the reSIstant or moderately reSIstant plant sources was 12-15 times hIgher than that of 

the susceptIble group of speCIes, on the first day after moculatIOn WIth HVI, It then decreased 

gradually The reSIstant J susceptIble ratIO 10 response to LVI moculatIOn remamed constant 

.1t about 2 5 The reSIstance necrOSIS response developed more qUIckly 10 darkness than 

under lIght The VIsual assessment of necroSIS was sIgmficant correlated WIth surface colour 

detection of callu,> as defined by the 'L' parameter WIth a Mmolta chromameter, and with 

spectroscopIc deterrrunatlon of the colour of the extr .let The reSIstant ongmated callI 

expressed hIgher peroXIdase speCIfic actIVIty than the susceptIble ones, whIch was 10 

sIgmficant correlatIOn WIth the necroSIS development The abIlIty to IdentIfy and quantIfy 

reSIstance re~ponse 10 tIssue cultures nught be utIhzed for an 10 VItro screenmg and selectIOn 

of new reSIstant avocado clones 
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Impact, Relevance and Technology Transfer 

The fIndIngs of the present project be useful In the PhIlIppInes I~ several areas ThIS 

project IS actually the first IntensIve research done on the avocado crop WhICh IS actually 

IS not IntensIvely grown In bIg SIze orchards, but maInly grown on small plots In 

backyards ThIS project enabled to develop dIagnOStic method for P cmnamoml and to 

screen for reSIstance out of avocado trees that survIved In heavy Infected SOIb or In 

regenerated plantlets ThIS approach wIll be probably contInued unless It WIll be ceased 

because of finanCIal budget restrIctIons The research staff has been experIenced the 

work WIth tIssue cultures and plantlets' regeneratIOn New eqmpment has to be 

purchased and used by traIned IndIVIduals Labs of dIfferent dISCIplInes such as 

phytopathology, bIochemIstry, tissue culture, genetIcs and extenSIOn serVIces have been 

activated dUrIng the project's perIod, and accordIngly were more capable for carIng out 

more an IntegratIng SCIentific projects lIke the present one 
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PrOject ActIvItIes/Outputs 

Meetmgs attended and lIst of pubhcatlOns 

DIzon, TO, LF Tlsalona and EMT Mendoza 1996 IsolatIOn growth and sporanglal 

productIOn of Phytophthora cmnamonll from avocado 27th PMCP SCI Meetmg, 

Davao Cay, May 7-10, 1996 

DIzon, TO, LF A Tlsalona and EMT Mendoza 1997 Root rot avocado caused by 

Phytophthora cmnamoml rands md the Phlhppmes Phytopath 33 122-129 

Ravlv, A, RA A vemdo, LF Tlsalona, OP Damasco, EMT Mendoza, A Zvelbll Y Pmkas and 

S Zllkah 1998 Cell cultunng of Persea specIes and theIr m VItro mteraction wIth 

Phvtophthora cmnamoml and somatIc embryogeneSIS IX InternatIOnal Congress 

on Plant T1ssue and Cell Culture, June 14-19, 1998 

Ravlv, A, Avemdo, R A, Tisalona, L F, Damasco, 0 p, Mendoza, EM T , Pmkas,Y 

and Zilkah, S 1998 TIssue culturmg and somatIC embryogeneSIS of Persea 

speCIes tPlant TIssue Culture and BIOtechnology, 4 196-206 

RavIv, A, ZveibIl, A, Pmkas, Y , Famgersh, E, Rotbaum, A and ZIlkah, S 1999 

HypersenSltlve-hke response of reSIstant Percea speCIes to moculatIOn WIth 

Phytophthora cmnamoml m callus cultures In Doyle, B M , Curry, R F and 

Cassels, A C (Eds) Abstracts of the ISHS Conference on Methods and Marker~ 

for Quahty Assurance m MicropropagatIOn, (pp 212-213) NatIOnal UmversIty of 

Ireland 

DIzon, TO, OP Damasco, MlB Estrella and EMT Mendoza 1999 ReSIstance of detached 

FCSSP Annual SCIentIfic Conference, Gen Santos CIty, Apnl 1999 

DIzon, TO, PM Magdahta and SB lamIas 1998 IPB-Iraeh government research on 

avocado root rot UPLB Newsletter 17(5) 1-2, Feb 2, 1998 

Bernardo, AEN, TO DIzon and EMT Mendoza 1998 Phytophthora root rot m avocado a 

bIOcheIDlcal and pathologIcal evaluatIOn PhIl Journal of Crop SCIence, Volume 

23, Supplement No 1 

Zllkah, S, RavIv, A, ZveIbll,A, Famgersh,E, Rotbaum,A and Pmkas, Y 1999 

QuantItatIve response of necroSIS and perOXIdase actIVIty for expressmg 

reSIstance to Phytophthora cmnamoml m Persea callus cultures (SubIDltted for 

publIcatIOn to a reVIewed Journal) 

PrOject ProductIvity 

The project dId not accomph~h the ultImate goal of selectmg reSIstant rootstock ready to 

mtroductIOn to commercIal avocado plantatIOn However, 7 clones were found to be more 

re<'l~tant th.m the common avocado ~ources ThIS project has to start from the begmnmg 

torte<,tabh<,hmg the m VItro selectIOn ~y~tem A lot of work ha<, been mve~ted for 
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estabhshmg the broad mfrastructure of the project, WhICh was mevltable for the project's 

project In the event, It was actually expected that 10 3 years It was Impos~Ible to achIeve a 

commercial product However, the developed mfrastructure 10 the present research 

brought the project to an advanced level for next stage 

Future Work 

Future work, If It WIll be financIally feasIble, wIll be focused on carrymg out 10 a large 

scale the m VItro screenmg and selectIOn by usmg the methods that developed m the 

present project The m vitro output of the project could be explOIt for bIO-techmcal and 

genetIC engmeenng approaches These approaches were proposed by the present project's 

mvestIgators and dId not approved 
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