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AVOCADO BREEOING ANO SELECTION 

B. O. Bergh1 

So far, successful avocado breeding has been primitive (2, 4 ). The lead1ng cultJVars 
around the v.orid originated as chance seedlings-not even lhe female parent is known. 
This seems likely to change in the years ahead since procedures involving the known 
parentaQe of both sex cells are now available and are considerably more efficient . 
The use of such procedures is likely to markedly increase the chances for obtaining 
superior new cultivars by breeding . 

The Flower :.nd lts Behavlor 

The avocado flower is rather typical, but it functlons in a peculiar manner. lntelligent 
breeding requires a dear knowledge of the unusual functioning, wtlich can only be 
understood in terms of the structure (Fig . 1) (2, 3, 4) . 

Flower Strocture 

The perianth includes both sepals and petals. This grouping is especially 
appropriate in the case of the avocado, since its sepals (often green in other plants) 
and petals (often brightly colored) are almost identical. There are 3 of each, atternating, 
about 5 mm long, pale or greenish-yellow . 

The stamens are 9 m number, arranged in an outer circle of 6 and an 1nner circle of 
3 The inner 3 have a basal pair á nedar-secreting "nectanes• and altemate with 3 
nectar-secreting "staminodes". Each stamen has 4 pollen sacs wtlich release the 
mature pollen through valves hinged at the top. The pistil 1s 1n the center of the 
flower. lt has an enlarged tip (stigma) on which the pollen germ1nates, then grows 
down throuQh the lonQ, slender stvte to reach and fertilize the e® 1nside the 
enlarged base (ovary). The fertilized ovary grows into the d1stinctíve, delicately
flavored fruit prized around the wortd as the avocado . 

The flowers are grouped in compound inflorescences of a few to several hundred 
flowers ea ch. Unlike some plants, the _JlVQ.cado cannot possibly produce a fruit 
from each flower. In fact. if as few así~he flowers mature fruit. the crop may 
still be too heavy for the tree . 

Flower Function 

Each normal avocado flower has both male and female or~ans . Most such plant 
species readily self-pollinate, i.e. , pollen from a given flower can fertilize the egg 
of lhat flower. However, the avocado flower perlorms in such a way that self
pollinabon is highly unlikely within a given flower and is difficult within a given tree 
or even a given cultivar. This is because each cultivar is functionally mate one paJ1_ 
of the day and functionally female another part of the day . 

' GeneUciSt, Plant Sclences Departmenl UniVerslty of Cal1forma. RJVerslde, CA 
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Female flower. The first time an avocado flower opens, the pistil is alone in the 
center, with the stamens and other flower parts close together atan angle of 45° or 
more away from the pistil (Fig. 1 ). The stigma is then receptiva to pollen so that the 
egg can be fertilizad. The flower is female in function but it is not functionally male 
since the stamen valves remain tightly shut and no pollen is or can be shed. The 
flower remains open in this female stage for perhaps a couple of hours, then closes 
for the rest of the day and that night. 

Male flower. The flower opens for the second and last time on the next day, but it 
is then functionally male, as the stamen valves open and pollen is reteased (Fig . 
1). The stigma is commonly discolored or withered and is no longer receptiva, so 
that the flower can no longer function as female. The tlower remains open in this 
male stage for several hours, then clases again, permanently . 

A and B flower types. Nearly all avocado cultivars (and seedlings) fall clearly into 1 
of 2 contrastad categories conventionally designated A and B (16). A-type cultivars 
have their first or female opening in the morning, perhaps about 9 AM to noon . 
The second or mate opening is the afternoon of the following day, perhaps noon to 
6 PM. So, for a particular flower, the total time span from first opening to final 
closing is about 34 hours. B-type cultivars ftrst open in the afternoon, perhaps 1 to 4 
PM. The second opening is the following morning , perhaps 8 AM to 1 PM, so the 
total time span is about 24 hours . 

Daily synchronization. 'Hass' is an example of an A flower type, 'Fuerte' of a B . 
There may be a thousand 'Hass' trees, with perhaps a million flowers opening 
{first, female stage) each morning in the blooming season in a given climatic 
area. All of them will open at about the same time and close at about the same time
like a million reasonably accurate clocks. Similarly, each afternoon perhaps a 
million flowers will have their second or male opening, and will do so again about 
synchronously. Hence, opportunity for self-pollination will be very limited {but see 
tin-article by Gazit on pollination, p. 88). A thousand adjoining 'Fuerte' trees would 
behave the same way, but with the times of the m ale and female stages reversed . 

Consequences of Avocado Flower Behavior 

Cross-pollination is the inevitable result of the flower function ing described above . 
In our examples , 'Fuerte' is functionally male, i.e., is shedding pollen over the 
entire period that 'Hass' is functionally female, i.e., its pistíls are receptive and must 
be pollinated if fruit is to set. The converse is true of 'Fuerte' set. Thus, A and B 
trees provide complementary cross-pollination . 

Genetic variability within the individual is the inevitable result of cross-pollination . 
This means that any individual seedling or cultivar has different hereditary options 
at many different gene locations and can be expected to produce an almost 
unlimited assortment of sex cells for the next generation. Hence, avocados are 
more like humans than they are like tomatoes or other plants in which pure 
breeding línes produce any number of seedlings genetically identical to the parent. 
This means that in avocado breeding, we do not have to hybridize cultivars in 
order to obtain segregating variability from which to select-each cultivar has 
immense genetic variability . 
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Self-po/1/nation. Our analysis of flower functioning showed self-pollination to be 
difficult, but it is by no means impossible. Although self-pollination within a flower 
practically never occurs. pollination among flowers of a single cultivar occurs more 
readily. There is a littJe variability in time of flower opening or closing due to 
differences in location on tree (in terms of sun or wind exposure etc.), or other 
causes of differences in interna! physiology. Adjoining trees of the same cultivar 
would be expected to have this variability accentuated, plus possible effects from 
rootstock differences. Finally, weather changes can affect the timing of sorne 
flowers more than others. 1t is usually possible to obtain ample breeding 
progenies from self-fertilization . 
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Breeding Techniques 

The technique to be used will depend on whether the breeder wishes to hybridize or 
self. Hybridization is the only way to obtain progeny with 2 or more desirable traits 
that are not present in an available breeding line. This is also true when one 
needs a trait intermediate between available superior lines, such as season of 
maturity or ecological adaptation. lndeed, the major cultivars being grown in Florida, 
Hawaii and some other areas with similar climates are first or later generations from 
hybridization of Guatemalan and West lndian races. The majar cultivars being grown 
in California, Israel, South Africa, Australia and similar less tropical enmates are hybrids 
of the Guatemalan and Mexican races. These latter 2 races are also the hybrid 
source of promising new cold-hardy selections for central and northern Florida (13) . 

Hybridization has 2 majar disadvantages when compared with selfing: 1) obtaining 
positive hybrids is far more difficult and expensive and 2) the breeding worth of each 
parent tends to be obscured by the contribution from the other parent. Nevertheless, 
a technique is described later for obtaining at low cost a considerable proportion of 
hybrid seedlings for situations where hybridization is indicated . 

The avocado breeding program of the University of California at Riverside is using 
both approaches. S~ven to be generally much more efficien~ as seedlings 
can be obtained from isolated or buffered trees at a cost no higher than that of the 
fruits . 

Breeding worth has proven to be only poorly correlated with commercial worth. For 
example, 'Fuerte' was used as the chief parent in extensive hybridizing during the 
early years of the California program. Not 1 commercial cultivar has resulted from all 
thís work. Had the wrong lines been chosen as the other parent? Several hundred 
'Fuerte' selfs quickly showed the true situation: they were a remarkably poor lot (7), 
indicating that 'Fuerte' is a highly undesirable breeding parent for California and 
similar regions . 

'Hass', on the other hand, has proven to be an exceptionally good parent (6). lts 
selfed seedlings have averaged as superior in terms of productivity and quality as 
the 'Fume' selfs were inferior on both counts. From about 400 trees of each, there 
were no 'Fuerte' selections and 18 'Hass' selections . 

Further selfing of 'Hass' selections has further increased the proportion of seedlings 
worth selecting. More than a quarter of the seedlings in one line were actually 
consldered to merit commercial testing by the third selfed generation-a remarkable 6-
fold increase over the impressive first generation of 'Hass' selfs. Unfortunately, while 
larger truit size and green color have been obtained, none of the selections so far has 
appeared to achieve the outstanding 'Hass' standards of flavor, long season and 
unblemished surface . 

Hybridization by Hand 

This approach may be prohibitively expensive in terms of human labor (2), since 
about 99% of the flowers will fail to mature fruit and there is currently no way to 
differentiate those that are going to make it. However, methods for increasing the 
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success proportion will be suggested in a later section. Avocado pollen is not 
collectable by the usual suction methods. Flowers in the mate stage may be picked off 
and the pollen clumps daubed onto female-stage stigmas directty or a fingemail can 
be used to remove the pollen and transport it. Emasculation of the female flower is 
unnecessary {2) . 

In a greenhouse. A few dozen avocados have matured on such trees growing in large 
containers or directly in the soil. Tree care costs are greater, but conditions can be 
made much more conducive to fruit set Since bloom is usually considerabty earlier 
indoors, one can hybridize lines with discreta blooming periods by establishing the 
later -blooming parent under glass . 

In sleeves. Sleeves made of plastic (usually) 1 x 0.5 m are useful to enclose a 
flowering branch. The material should let in as much llght as possible. Sleeves can 
also be used to protect the mate parent's pollen from bees . 

In field cages. lnstead of enclosing a flowering branch, field cages endose the whole 
tree. Plastic screening on wooden trames of convenient size are bolted or otherwise 
fastened together to form the walls and a loose screen is put over the top and tied 
down. A zlppered or hinged entrance-way should be provided . 

Hybridization by Bees (or Other Pollinating lnsects) 

Seedlings produced here will probably be both selfs and hybrids in a varying and 
unknown mix. The majority should be hybrids with the preferred parental choice of 
1 A and 1 B flower type. Also, the very different parental types that are usually present 
when hybridization is desirable should make it possible to segregate selfs from 
hybrid~at least in the fruiting stage. Hybrids produced by insects cost a tiny fraction 
of those produced by hand. The honeybee accounts for the majority of avocados set 
in California but other insects apparently predomina te in more tropical areas . 

In field cages. These can be made longer in order to include 2 adjoining trees that 
ene wíshes to hybridize or there may be only 1 tree with branches of the second 
parent worked into it. A hive of bees is placed inside the cage with a source of water 
after both parents have started to bloom . 

In isolation. This approach is not at all expensive. lndeed, it can be as simple as 
harvesting the fruits from adjoining branches of 2 desired parents in the field. They 
may be from contiguous trees, or grafts of the complementary parent may be worked 
into established trees in a solid grove. No third parent should be closer than perhaps 
1 00 m, although considerably closer distances appear safe under California 
conditions . 

Selfing Techniques by Hand 

Situations where selfs would be worth the cost in human labor must be exceedingly 
rare--no such situation has arisen in the University of California program. They 
could be obtained if field selfs were impractical and if selfs were that valuable or 
labor that cheap. One would want to increase the likelihood of male-female overlap 
by treating part of the tree ora second tree differently , such as by shading or by 
reflectad light or heat. In the absence of bees, pollen would be more likely to 
hang on the valvas into the next female-flower opening. The flower could be 
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protected in greenhouse, sleeve or cage, as in the case of hybridizing . 

Selfing Techniques by lnsects 

In a cage. A tree is caged and a hive of bees placed inside, as described for 
hybridizing. Fruit set has been variable to heavy. Evidently the strict sex alternation 
has had appreciable exceptions under these conditions, or possibly the closely 
contained bees have torced open flowers that were near enough to maturity to 
function sexually . 

lsolated trees. This is perhaps the most desirable method for most avocado 
breeding because of its ready availability and low cost. The source can be lone 
avocado trees or trees that are isolated from other genetic lines by buffer trees of 
the line to be selfed. Out-crossing should be practically nil with 1 00 m or more 
isolating distance . 

Maximlzlng the Breeding Set 

General Procedures to lncrease Seed Yield 

There are various means to increase the number of breeding fruits obtained 
from selfing and hybridizing . 

Heavy-setting cultivars should be selected as the seed parent in hybridizing . 
Desirable traits may thus be efficiently introduced into highly productiva lines by 
using their light-bearing carriers as the male parent. In selfing, it may be 
necessary to use lines with less fruit set in hope that better setters will 
segregate out with other virtues intact or that more genetically uniform lines for 
use as male parents as described above will be obtained . 

The productiva ("on") year can make a light bearer set well and a heavy bearer set 
very heavily. Nearly all avocado lines are subject to alternate bearing. lf the natural 
pattern of alternation does not fit in with the breeder's convenience. he can 
usually create an upcoming "on" year by removing all set fruits by midsummer or 
earlier . 

An optimum location in terms of climate and other factors may make the 
difference between a breeding program with plenty of material from which to 
select and one that suffers from the fatal flaw of insufficient controlled-parentage 
seedlings. Breeding avocados is indeed a long-range program. lt may be best to 
delay its start if to do so makes possible a location that ensures an adequate 
number of progeny . 

Optimum care is important to permit the realization of the above potentialities. The 
breeder should understand and apply sound principies and practices of 
horticultura. soil science, irrigation, fertilization, wind and frost protection, disease 
and insect control or have his trees looked after by someone else. Fruit set is poor 
when trees are in stress situations . 

Maximum light availability is important to maximize avocado fruit set Southem 
exposure is very helpful in more-northerly avocado regions and the reverse is true 
south of the equator. The breeder can often select his particular breeding trees 
with this in mind. Adjoining avocado or other less valuable trees can be cut back 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

as needed. The materials used for sleeves and cages should transmit as much 
light as is consistent with safety trom pollinating insects. lncreased cooling 
capacity in the greenhouse may be a good investment to permít less roof shading . 

~g_ Q!ten in creases fruit set, and it increases fruit number more than total 
weight (14) . Hence, it offers more of an advantage to the breeder than to the 
commercial grower. Girdling may be an excellent investment, especially with light
setting lines or with a majar cost undertaking such as in hand hybridization . 

Specific Means to lncrease Seed Yield in Hybridization 

Different large-scale hand-hybrídizing programs have-had success rates (in terms 
of pollinated flowers that mature fruit) ranging from less than 0.04% to about 5% 
(3). The later remarkably high arder of magnitude is made-possible in part by the 
general procedures described above. Further increases in percentage take are 
attributable to techniques involving the hybridization process itself . 

Optimum weather is worth waiting for. Hot and dry conditions can cause desiccation 
of both the pollen and the pistil. Cold weather may inhibit proper sex cell 
functioning. Aclimate (like California's) that is generally cooler than optimum during 
the blooming period delays most fruit set until the latter part of the blooming 
season so the breeder should concentrate his efforts accordingly . 

Pollinate few flowers per cluster. Each cluster can mature only a very small 
proportion of its flowers. Thus, excess hybridization is not only time-wasting, but 
can actually lead to reduced set vía excessive fruit drop resulting from 
competition among the developing fruits . However, one should hybridize more 
than the number of flowers estimated to be the maximum that the cluster can 
mature, as detective ovules (18) and other problems will reduce the theoretical 
set. lt has been suggested that the excess flowers should be removed a few days 
prior to hybridizing to increase chances of set by reducing flower competition . 
Statistical advantage has, to my knowledge, never been shown and it would seem 
uncertain that the limited gain would be worth the labor ínvolved . 

Pollinate at the first opening only. Occasional stigmas look fresh and receptive at 
the second (mate) flower opening, but no second-day pollination has proved 
successful, to my knowledge-the stigma may be less receptive than it looks, or 
the interna! egg apparatus may be degenerating . 

Never pollinate an abnormal pistil. A considerable proportion of the female organs are 
deformed or otherwise aberrant to varying degrees. Sorne stigmas are dari<ened or 
withered or otherwise unhealthy looking, even at the first flower opening. The odds 
against successful hybridization are high enough for the best of flowers without 
wasting time on inferior ones . 

Pollinate by mid-afternoon. This applies especially to a climate like that of California 
where the temperature, especially toward evening, is well below optimum for avocado 
flowers. Later pollination will cause temperature-induced slower pollen tube growth. 
lnstead of reaching the egg in about 3 hours (Shmuel Gazit, personal communication), 
the sperm may not arrive until the egg has broken down. Other parts of either sex cell 
may degenerate in the meantime . 
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Breedlng Objectlves 

Avocado breeding objectives (Table 1) vary somewhat on some points among the 
different producing regions and there is not full agreement on sorne points, even among 
the avocado people of a given region . 

Table 1. Avocado breeding objectives . 

Medium size 
Uniformlty 
S k in 

Medlum thickness 
Readlly peelable 
lnsect, disease resistance 
Free from blemiShes 
Attractlve color 

Long tree storage 
Seed 

Small 
Tight in its cavity 

Fruit quality 

Thick ovate shape 
Pulp 

Proper softenlng 
Appetizing color 
Absence of fibers 
Pleasing flavor 
Long shelf lífe 
Slow oxldatlon 
Chilling tolerance 
High oil content 
High nutritional value 

Shoot qualities 

Spreading habit 
Easy to propagate 
Strong grower 
Tolerant of pests and diseases 
T olerant of wind 
Toleran! of cold 
Tolerant of heat 
Toleran! of salinity 

Tolerant of chlorosis 
T olerant of other stresses 
Short fruit maturation period 
Precocious 
Regular bearing 
Wde adaptability 
Heavy bearer 

Rootstock qualities 

Condudve to high quality fruit 
Condudve to healthy, productiva 

traes 
Free from sun-blotch 
Dwarflng or semi-dwarfing 
Genetically uniform 
Hardy and vigorous 
Easily propagated 

Fruít Qualíties 

Easily grafted 
Toleran! to Pflytopllthora and other 

organlsms 
Toleran! of salinity 
Tolerant of chlorosis 
T olerant of drought 
Tolerant of other adversa soil 

conditions 

Medium size. The markets in which most California avocados are sold prefer a size 
about 260 g. The optimum range might be 200-300 g (Jack Shepherd, prívate 
communication). lsrael's European markets like a slightly larger fruit (5). The 
markets for fruits grown in more tropical regions where the West lndian race is 
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adapted have come to favor considerably larger fruit size. The breeder will need to 
give careful consideratlon to present and potential size preferences of the markets 
for which he is breeding . 

Thick ovale shape. While a round shape may be more efficient, most avocado markets 
have come to associate the fruit with a somewhat pear or at least ovate form. New 
selections would have to have outstanding compensating traits to be able to 
disregard this established market preference . 

Uniform size and shape. Variation in both traits among available cultivars may help to 
meet individual consumer preferences and identify for the consumer individual 
differences in flavor and other qualities. Variation within a given cultivar should be 
minimized. Moreover, fruit variation increases marketing problems. Seedlings and 
cultivars vary in the degree to which shape is altered by climatic differences and to 
which size is altered by fruit clustering differences . 

Medium skin thickness. The skin should be thick enough to provide good 
protection under normal shipping and handling and to permit good peeling. Too thick 
a skin is undesirable (11) as it may make the detectlon of ripeness difficult and 
represents more wastage . 

Skin peelability. The importance of peelability depends on how the fruit is eaten . 
Peeling doesn't matter when the flesh is scooped out of the skin-for example, eaten 
in the half-shell or smaller segments. However, avocados are eaten in various ways that 
involve pre-peeling (11 ). Thus, peeling reduces flesh attractiveness, as In salads, and 
always means more wastage . 

Resistance to pests and diseases. These problems vary greatly in severity among the 
world avocado-growing regions, so the breeder's concerns will vary accordingly. A 
thicker fruit skln is desirable where fruit flies are a problem. 1 do not know of reported 
genetic differences in resistance to other fruit insects. Fungal diseases are of lit1Je 
concem in California but they are a serious consideration in more tropical areas {16) 
and potential breeding lines differ markedly in resistance . 

Free from blemishes. Appearance may be much more important than flavor In 
determining consumer acceptance. The detrimental effect of surface flaws on retail 
purchases of avocados has been clearly shown (19). Tendency to skin russetting 
varíes widely at different locations and in different breeding lines (17) . 

Attractive skin color. Color preferences depend largely on prior familiarity. The green 
color of 'Fuerte' has been the "right" avocado color in the extensive markets long 
dominated by that variety and its relative smoothness has made a rough skin less 
desirable in the same markets. These are 2 reasons that 'Hass' is less acceptable in 
the French market served by Israel (Shimon Zackai, private communication). In sorne 
markets, dark fruit is preferred. Apart from actual color, or skin blemishes, general 
attractiveness varíes considerably and is significant (15) . 

Long tree storage. The longer edible fruits can be left on the tree without dropping or 
deteriorating, the more favorable is the marketing potential. The more quickly fruit 
mature, the shorter the tree storage period usually is. 'Fuerte' is an early-maturing 
cultivar with an exceptionally long storage period; unfortunately, for other reasons, 
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it is an inferior parent. 'Hass' passes its long storability on to a high proportion of its 
seedlings . 

Sma/1 seed. Cost per edible portien is a frequent criticism of the avocado (11, 15) . 
Seed proportion of total fruit weight varies markedly, but has high heritability in sorne 
lines (my unpublished data). Guatemalan race genes can add this desirable trait to 
the less favored backgrounds of the other 2 races . 

Tight seed. The seed should completely fill its cavity. Moreover, the outer coat of 
loose seeds will often adhere to the flesh, thereby wasting edible flesh and the 
consumer's time . 

Proper flesh softening. The entire flesh should soften simultaneously. In so me regions, 
especially late in the season, 'Fuerte' and other partly Mexican-race cultivars have 
problems with this (Shmuel Gazit, prívate communication). A seedling with a marked 
degree of this weakness should probabty be díscarded . 

Appetizing flesh color. Consumer preferences vary. but most people find less appeal in 
pulp that is nearly white, or mostty green, or has a dull appearance, or has 
discoloration under the skin . 

Mínima/ fíbers. Flesh is also less appetizing when it is traversed by fibers that are 
distinct because of a dark or reddish color. lndistinct fibers can be objectionable 
because of toughness when eaten . 

Pleasing flavor. Nothing is more subjective than flavor. Prior familiarity influences 
present avocado preference, as with size, shape and color preferences. Still, most 
consumers agree that certain lines have too bland, or too strong, or otherwise too 
objectionable a taste . 

Long shelf life. Once picked, the avocado is much more difficult to store or ship than 
such fruits as the apple. Some lines ripen (soften) in 3 or 4 days while others at a 
comparable stage of maturity may take 2 weeks to ripen. Ripe avocados deteriorate 
much more rapidly at room temperatura. Some lines will remain edible only about a 
day, but others have the advantage of remaining in reasonably good condition for 
as long as 3 or 4 days . 

S/ow oxidatíon. This is another aspect of keeping quality. Cut suñaces of most 
avocados discolor rapidly- often within minutes. The lsraeli cultivar 'Horshim' 
maintains a fresh appearance much longer. 1 have seedlings that do not discolor 
noticeably for severa! hours . 

Chilling tolerance. A final aspect of keeping ability, this refers to proper softening, 
without flesh browning, following prolonged cold storage. 'Hass' is outstanding and 
'Nabal' nearly as good; most West lndian lines and many llnes derived from the other 
2 races tolerate chilling poor1y. This trait is especially important in the avocado 
because of its generally short shelf life . 

High oil content. This is important in California because of a legal S% mínimum limit 
on fruit grown and marketed within the state. Oil content affects flavor and there are 
personal preferences as to whether or not high levels are pleasing . 

High nutritional va/ues. Higher oil content usually means higher calorie count-which 
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is desirable or undesirable depending on whether one's problem is obtaining adequate 
nourishment or avoiding overweight. Higher oil content is correlated with higher content 
of some vitamins. Other cultivar differences in v itamin contentare independent of 
oillevel (1 O) . 

Shoot (Tree) Qualities 

Spreading tree habit. Tall trees are more difficu lt and more expensive to pick and 
to spray and are more susceptible to wind injury . 

Easy to propagate. This is a composite of good bud formation, compatibility with the 
proper rootstocks and good graft-unitíng ability. Propagation difficulty may make an 
otherwise good selection prohibitively expensive (8) . 

Strong grower. Grafts may take readily enough and yet the resulting trees grow too 
poorly for commercial success. Several cultivars derived from the Guatemalan race 
have had this serlous drawback . 

Toleran! of pests and diseases. These tolerances have so far been a minor 
consideration in California, but are important in sorne avocado-growing regions . 

Toleran! of wind. Wind resistance is advanced by stronger wood and wider crotches 
in addition toa low, spreading habitas noted above. Strong crotches also minimize 
limb breakage from heavy fruit set 

Tolerant of co/d. This virtue enables the avocado to be grown in colder areas and 
provides a safety factor against occasional freezes in less rigorous areas. There is sorne 
variation in cold tolerance within each horticultura! race and wide variation among 
the races. West lndians may be injured even above freezing while Mexicans may 
tolerate negative SOF or more of frost. Knight (12) has used artificial freezing tests in 
avocado breeding, as have other Florida researchers . 

Toleran! of heat. In California, Mexican-race lines have appeared somewhat more hardy 
to heat than most Guatemalan lines. The West lndian race tolerates much heat 
where the humidity is consístently high . 

Tolerant of salinity. The rootstock is more important limn the sclon in this regard, but 
the superiority of the West lndian race as stock has been observed also in racial 
comparísons of the lops (9) . 

Toferant of chlorosis. The rootstock is the major determinant, but, differences in 
susceptibility have been observad among California cultivars . 

Tolerant of other stresses. Differences have been noted among potential breeding lines 
in terms of resistance to nutritional deficiencies and to miscellaneous environmental 
stresses . 

Short, fruit maturation period. 1t is desirable for all fruits on a tree to mature about 
simultaneously in order to permit the picking of all fruits at one time . 

Precocious. This aspect of productiveness is important in arder to pennit an early 
return on investment. Moreover, earliness and heaviness of fruit yield are partly 
correlated . 
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Regular bearing. Perhaps all California cultivars tend to alternate in the amount of 
fruit set year atter year, but they do soto markedly different degrees. Altemation on 
a regional basis (e.g., 'Fuerte') is especially serious because of the added marketing 
problems that result from sharply fluctuating crops. Alternation that is mainly on an 
individual tree basis (e.g., 'Hass') largely avoids this difficulty. Even so, altemate 
bearing has the weaknesses of added limb breakage, sunbumed fruits and branches 
and overall set that is below the physiological maximum . 

Wlde adaptability. While factors like tolerance of climatic extremes and other 
stresses may limit sorne cultivars to certain areas, there is an additional factor of 
differing adaptability. Sorne lines perfonn and bear well in more diverse locations than 
do other lines. The more limitad is adaptability, the larger the number of cultivars 
required and so the greater the marketing problems . 

Heavy bearer. lf thls virtue is present, many other weaknesses may be tolerable. lf it is 
absent, all other virtues may be futile. 

~otstock Qu~ 
Conducive to high-qualify fruít. Differential rootstock effects are known in other fruits . 
Careful study may identify such in the avocado . 

Conducive to healthy, productive trees. Major root-stock effects on scion 
performance have been identified by Ben-Ya'acov in Israel and complex rootstock
scion interactions also exist (1). Cultivars in California have made up to twice the 
growth on Guatemalan as on Mexican rootstocks (my unpublished data) . 
Rootstocks from seeds of the West lndian 'Weldin' cultivar are proving inferior for 
Calífomia's relatively cool winter soils . 

Free from sun-blotch. Genetic resistance to this virus disease is unknown. Hidden 
carriers of it must be avoided as female parents in rootstock breeding . 

Dwarfing (or Semi-Dwarfing). Mexican-race lines have a somewhat dwañing effect 
which has not been observed to increase the tree precocity or productivity but 
has produced trees somewhat less subject to wind injury and easier to pick. Stocks 
that cause true dwarfing could be a tremendous boon to the industry . 

Genetically uniform. Rootstock segregation contrlbutes to variable scion 
performance toan unknown but probably substantial degree. Complete uniformity can 
be achieved only by asexual propagation or, theoretically, by doubling the 
chromosomes of a haploid. Helpful approaches to uniformity should be possible by 
repeated self-fertilization . 

Hardy and vigorous. West lndian rootstocks have majar advantages in terms of 
resistance to salinity and chlorosis, but they are more difficult to grow in the less 
tropical California climate. Even Guatemalan lines are tender under sorne conditions, 
in comparison with the Mexicans. Quite apart from hardiness, sorne lines produce a 
much higher proportion of weak. slow-growing seedlings than other lines . 

Easily propagated. This refers to the ease with which the rootstock itself can be 
multiplied. A conflíct arises with the desired quality of genetic uniformity noted above, 
as clonal stocks are the only way to achieve unifonnity within a reasonable time, but 
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they are far more expensive to propagate. There are wide differences in fruit setting 
ability even among seed-propagated stocks, e.g., 'Duke' selections for superior 
Phytophthora resistance have been shy bearers . 

Easily grafted. Sorne progeny sets grow to graftable size more quickly than others. 
Sorne, for unknown physiological reasons, take more readily when grafted. Sorne 
Guatemalan cultivars have a failure rate many times as great on healthy, strong 
Mexican seedlings as on comparable-appeartng Guatemalan seedlings . 

To/erant of Phytophthora and other organisms. For California and sorne other avocado 
regions, Phytophthora resistance is the paramount rootstock desideratum. Severa! 
lines with sorne resistance are k.nown, but none has enough resistance to be a 
commercial solution. Resistance to nematodes and other harmful soil organisms 
would be advantageous . 

Tolerant of salinity. Harmfully high salt concentrations can be present in the soil or 
brought in with irrigation water. Rootstocks that translocate less salts to the tree top 
are desirable in California, Texas, Israel and other areas with salinity problems (5) . 
More and more California avocados have been grafted on West lndian seedlings for 
thls reason-but with subsequent problems as noted above. Guatemalan stock.s 
average superior to Mexican, but there is variation within both races . 

Tolerant of chlorosis. lron chlorosis can injure or even kili trees (5) under conditions of 
high lime content, or of other soil conditions that provide sub-optimal rootstock 
functioning. Again, West lndian stocks are most resistant; Guatemalans are most 
susceptible . 

To/erant of drought. Any advantage here would lower production costs, reduce the 
need for critica! cultural care and permit wider distribution of avocado production . 
Trees have been reported to suffer less water stress on Guatemalan than on 
Mexican stocks (prívate communication from 2 growers) . 

Tolerant of other adverse soil conditíons. 'lrving' seedlings have preven especially 
inefficient in extracting nitrogen from the soil (my unpublished data). Differences in 
tolerance of diverse soil limitations may prove to be common when critica! tests 
are made. Superior rootstocks could reduce production costs and permit higher 
yields . 

Summary 

The avocado flower has both male and female organs, but the female organ 
functions only on 1 specific day and the male organ of that flower functions only 
on the following day. Moreover, either all female-functioning flowers of a cultivar 
are open only in the morning and all male-functioning flowers in the afternoon (A 
type) or, conversely , the open flowers are female-receptive in the afternoon and 
shedding ponen in the morning (B type). This makes cultivar self-pollination 
usually rare. Cross-pollination of 2 A or 2 B cultivars is also difficult, although often 
to a lesser degree. An A and a B cultivar together provide ideal complementary 
cross-pollination. Therefore, each avocado cultivar is highly variable (highly 
heterozygous) genetically. This means that a specific cultivar may itself provide all 
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of the seedling variability needed for selection of superior cultivars. Self
fertilization is the indicated avocado breeding approach, since it provides the least 
expensive seedlings and it effectively tests the breeding worth of a parent. 
Nevertheless. for sorne breeding and especially for subsequent breeding, 
hybridization may be desirable . 

Hybridlzation may be prohibitively costly in terms of hand labor, but it can be 
done in a greenhouse or outside in plastic mesh sleeves or cages. Bees or other 
pollinating insects will do the hybridizing at a tiny fraction of the cost per hybrid . 
with the proper setup. However. they will probably simultaneously produce a 
smaller proportion of self-pollinations, to be differentiated only in the later seedling 
stage. Hybrids can be obtained from adjoining trees of the 2 parents, or branches 
of 1 worked into the other. The tree(s) may be isolated, or may be protected from 
nearby third parents by a cage with bees placed inside . 

Self-fertilization by hand will only rarely be desirable, but it can be carried out in a 
greenhouse, sleeve or cage. Self-fertilization by insects is the heart of an efficient 
avocado breeding program. As with hybridization, the tree(s) may be isolated or 
enclosed with bees in a cage . 

For any breeding procedure, seedling numbers can be increased by using heavy
yielding parent(s). working in the "on" year in the case of alternate bearing, growing 
trees in the best location and giving them the best care. The tree should receive 
maximum light. Girdling may markedly increase the number of fruits. Sorne 
additional ways to increase the yield of hybrid seedlings are to pollinate during 
optimum weather, pollinate few flowers per cluster, pollinate the first or female 
opening only, avoid any abnormal pistil and avoid late afternoon pollination . 

Breeding objectives for the fruit include: medium size (about 260 g for the 
California markers) ; thick, ovate shape; uniform size and shape; skin of medium 
thickness, peelable, resistant to pests and diseases, free from blemishes, with 
attractive color; long tree storage life; small, tight seed; flesh that softens 
uniformly, has an appetizing color, a mínimum of objectionable fibers, long shelf 
lite, slow dlscoloration when cut, tolerance of chllllng in storage, a high oil 
content in certain circumstances, high vitamin content and other nutritional 
values . 

Desirable shoot qualities include: spreading tree habit; easy propagation; strong 
growth; tolerance of pests, disease, wind, cold, heat, salinity, chlorosis, and other 
stresses; maturing its fruits over a short period; precocity; annual productivity; wide 
adaptability; heavy yielder . 

Rootstock qualities to aim for include: promoting quality fruit on productiva trees; 
freedom from sun-blotch; dwarfing; uniformity; hardiness and vigor; easy 
propagation and graftability; tolerance of Phytophthora, salinity, chlorosis, 
drought and other adverse conditions . 
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AoomONAI. JNOEX wmms. Persea americana, horticultura! races. simple sequence rcpeat. lllolecular marker. genetic di ver· 
sity. gem1plasm collection management 

ABsTRAer. Tbrcc horlícultural races of avocado (Persea omerica11a MiiJ.) are known: GuntemaJan. Mexican. and Wcst 
ludian. Eacb race has unique characteristics and current commercial varieties ha ve been seJccted frorn within thc rnccs 
oc from interraclal hybrids. Using 14 micro~tellíte lo<:i we invcstigated the genelic variation among 224 accessions 
(394 plants) maintained atthe National Germplasm Rcposiiory (NGR) in Miami, Fla., nnd a set of 34 dones from thc 
UniYcrsity of California South Coast Ficld Stalion (SCFS) located in lrvine. Cnlíf. 'fl1c 14 microsatellite loci had an 
average of 18.8 alleii!S per loeus and a\'erage unblased genetic dive.rsity was 0.83. The total propagation error in the 
collection, i.e .. plnnts that had been incorrectly Jabelcd or gr:afled, was estimatcd to be 7.0%. Although many unique 
aJieles did exist, no US{'ful racc-speciflc markcrs were found. A generaJ concordance b{'lwcc.n the horticultura! race and 
the clusters obtnincd from molecular data was observed. Principal CoordinateAnnlysis (PCA) grouped the Guatcmahlll 
and Mexican races into two distlnct clusters. Thc West lndian :tlso groupcd into 11 unlllUC major cluster but wlth an 
outlying gro u p. Using the PCA a change in the rachll designalíon or interracial hybrid status for 50 occessions (19. 7%) 
is propose.d. The unbiused gene diversity e.~timate was highrst in the Me:dcan and Guatemalan races and lower in thc 
West lndian group. This dc.monstrates the need lo colled more ofthe West lndian gcrmt>lasm to broadcn the grnetic 
diversity and to ~mphasi:t.c the identification or individuals conferring resistan ce lo Phytophthora Root Rot (PRR) . 

TI1e avocado (Persea americana Mili.) is an evergreen sub
tropicaltree that is native from Mexico to nonhem South Amelica 
and produces a fruit that is unique and nutrilious. This fruit wa~ 
known by the Aztecs as ahuacacuauhitl. whjch was la ter shortcned 
by the Spaniards to aguacate. In the United States avocado was 
introduccd into Florida in 1833. California in 1848 and to Hawai i 
by 1855 (Nakasone and Paull. 1998). Major commercíal produc
tio'n of avocado in the Unitcd States is limüed to California and 
Florida. In 2000. global production exceeded 2.4 M.MT and thc 
major producers were Mexico. Indonesia, Sou1h Africa and the 
United States (Anonymous. 2001) . 

P. americana has been subdivided into threehonicultural groups: 
Mexican [P. ameriauw var. clrymijolia (SchecL & Chan1.) BlakeJ, 
Guatemalan (P. americana var. gumemalensis Wms.) and Wcst 
lndian (P. americana vn.r. americana Mili.) races. The West lndian 
race is known to be from the lowland areas of the Pacific coast of 
Central Americaand notthe West llldies. whiJe the Guatemalan and 
Mcxican races are nalive 10 specific híghland areas in each counlly 
(Scoraand Bergh. 1992). Thecollc.ctionat theNGR-Miami contains 
224 accessions wi th allthree rnce11 represented. as well as hybrids 
be1ween them. The enrlics1 imroduclions werecollected by Wilson 
Popcnoe in Guatemala in the 1920s. and the newest introductions 
were collected by Avraham Ben-Ya·acov throughoul Central and 
South America during tlle 1990s (Ben-Ya'acov. 1995: Popenoe, 

Rc.ccivcd fnr publication 19 lX<·. 2002. Arccpted for pubhcatoon ll July Z003 . 
Th~ authors thank R. Knocgcr. Natio)OUI Genll(ll::"m Rcpository for Ci trus and 
Dat.:s aod D. Stottkmy~r of the UC-Rivcrside for collccting tutd ~cnding thc 
avU<·udo tis~uc rrom thc South Cnu~t Fickl Station. 

1920). Thc University of California collec1ion at the South Coast 
Field Station (SCFS) in lrviuc contains a large number of acces
sions and breeding lines mostly of the Mexican and Gu:uemalan 
races and mixed interracial hybrids. l11ese two collections contaín 
a comprehensive representation of the genetic diversity currently 
in avocado gem1plasm collections. 

The three racial groups can be distinguished by 1he perccntage 
oil content in the fruit with the Wcst lndian cultivars ranging from 
2.5% 10 8.0%, Guatemalan acccssions from 10% to 13%. and the 
Mexican accessions ranging from 15% to 20% (Knight. 2002). 
Tht: racial classes also vnry phenotypically for characters such 
as fru it size and shnpc. skin thickncss, skin color. seed sizc. and 
fruit ripening (Lahav und Lavi. 2002). Avocado is u diploid with 
2n = 24 (Garcia. 1975) and sterility barriers do not exist between 
oramong the three racialtypes (L1hav and Lavi. 2002). Avocado 
has a distinct tlowering habit known as protogynous. diurnally 
synchronous dichogamy (Bergh. 1969). This type of rcproductivc 
behavior promotes outcrossing: however, significan! amounts 
of self-poll ínation are known lO occur in commercial plan1ings 
(Davenpon et al.. 1994). Namcd cullivars oflen originate from 
open·pollinaled seedlings. The pollen parent is unknown but has 
often been estin.1ated b<tsed on the ftower types of availablc donor 
trees. Manyofrhecuhivars grown in Florida are intetTacial hybrid~ 
bctween Guatemalan and West Indian typcs whilc thosc grown in 
California are hybrid~ between Mexican and Gu:llem:tlan types 
(R. Knight, personal communication). Morphological chamctcrs 
have been used 10 infer pnrentage. although these characters are 
inlluenced by environmen1al factor!' and may not unambiguously 
distinguish closely rclatcd gcnotypes or inten-acial hybrids . 
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Molecular markers are often used to clarify genelic relation
ships between individuals. In avocado gem1plasm evaJuated using 
minis:tlellite markers. racial pattern differences wereobserved and 
ti ngerpríntíng of26 cultivars was accomplished (La vi et aJ., 1991 ). 
Mhamced et al. ( 1997) u sed variable number of tandem repeats 
(YNTR) markers to evalua1c genctic relationships among 24 avo
cado cultivars that had becn classiñed using morphological traits. 
Thc YNTR data supported the racial classification for mos1 of the 
acccssions. fn another study. RAPO markers were used lo evaluate 
16 :lccessions representing the three races. Race-specific markers 
were idemified and the similnrity belween races ranged from 53% 
to 58% (Fiedler et aJ.. 1998). Siroilarly, Davís et aJ. (l998) used 
Rcstriction Fragment Lcngth Polymorph.ism (RFLP) lo cvaluate 
u sct of 36 cultivars from thc Univcrsity of California SCFS and 
their results were in agre.ement with lhc previous studies . 

and betwcen populations of avocado was of interest. particular! y 
within the West Indian race thal is known to have genes involvcd 
with tolerance lO phytophthora root rot (PRR). Another objcclive 
was lo clarify the anecdotal infom1ation on parentage of mjxed 
race hybrids and seedliog selections from commercial cultivars. 
Since all plants (clones) of a given accession were genotyped. wc 
also investigaled the 11delily of gcrmplasm propagatiOJl wi1hin 
accessions. as clona! collcclions are known to contain identical 
accessions with different names and mixtures of genotypes with 
the same name (Schnell et al.. 1999). 

Materials and Methods 

Microsatellitc markers have been developed for avocado and 
utilized to produce acrude linkagc mup (Sharon el al .. 1997). Thesc 
rmrrkcrs havedistinct advaotages ovcr the other types of molecular 
markcrs LLSed to classify avocado gem1plasm. Their advantagc 
include their abundance in most gcnomes, unifonn distribution . 
hypervariability, codomioancc. and PCR-based protocols. Even 
though the genetic di versity analysis from the aforementioned slud
ies ampled a small number of l!ccessions, they have adequately 
dcmonstrated lhe use fu Iness of molecular markers in the classiñca
lion of avocado germplasm . 

PLANT M:\TERIALS. Leaf materiaJ was sampled from thc Perseo 
gem1plasm collection a1 the NGR. in Mjam.i. Fla .. and from thc 
SCFS, University ofCali fomia. lrvine, Calif. The numberof plants 
genotyped for this study was 428. This included 254 accessions. 
224 from the NGR-Miami and 34 frorn rhc Univerlii tyofCatifornia 
SCFS at lrvine with fourcultivars cornmon to both collections. Of 
the 224 accessions at rhe NGR. 104 accessions were represcmcd 
by multiple plants. These 274 plants include 54 accession!> with 
two. 37 accessions with three. 1 O act:essions wi1h tour. and 1hrec 
accessions with ñ ve plants. 

In total. individualsofthc following backgrounds were 'tudicd: 
51 Mexican. 35 Guaternnlan, and 65 West lndian. 100 intcrracial 
hybrids. and three related specics. Hybrids were designated as 
follows: Complex (CH). GuatemaJ:m X West lndian (G X W). Gua
tcmalan x Mexican (G x M). and Mexican x West lndian (M x 
W). The out-group consisted of two accessions of P. nubigena 
and one accession of P. schiedeana (Table 1 ). 

Our objectives werc to estímate genetic diversily within thc 
largc collection maintained at thc USDA. NGR in Miami and a 
subsct of the collection maintained at the SCFS by the Universily 
ofCalifomia using microsatellitc rnarkers. Geneticdiversily within 

Tablc 2. Microsatellite loci and primcrs used in the analysis of the avocado germplasm colleclion~ dcvclopcd by Sharon et al. (1997) . 

Annealing S1ze 

ternp Allclc) mnge 01Ven>Jty 

Locus Rcpem Prime~> (5' -3') (oC ) e no.) (bp) IH: V(¡:lll 
A VAGOS (AG) 10 GGATCTTGATGTGTGGGGGAG 

CCTGTCGGAAAAGACTATGCG 50 19 83- 125 0.7906 (0.0394) 
AVAG03 (TC) 17 GCACTTCCTAAACTTGCAGGT 

CTGAACATCCAATGACAAACATCC 45 14 92- 122 0.8414 (0.055 1) 
AVAG25 (TC),. ATGG I 1111 I CCTGCCCTIT 

AACAAGCCCCCTAAAAGAA 50 20 96-140 0.8640 (0.0596) 
AVAGI3 (Cf),~ CTGCGATAACAACTGGAC 

AACTAGGACCTGAAACCG 50 29 96-160 0.9150 (0.09 12) 
AVAGII (AG)~ AGCGATGAACATTACCA 

ATTTCTTCAACCCATCTGTC 50 15 105- 161 0.7553 (0.0388) 
AVMIXOJ (TG), •. (AG)11, GATAJTCCTGTfGTCACTGC 

GATATTCCTGTfGTCACTGC 50 23 139-196 0.8912 (0.07 18) 
AVAG'l l (CT)n TGTAAGTTTTAACCCCACAA 

AATCACTATTAGAGTTTTCAGTCG 50 30 153-219 0.8911 (0.0729) 
AVAG07 (TC)1, ATCCAAAATGCACAAGGTGAGG 

TGTCGCfATGTCCAAAATGTGG 50 8 98- 11 4 0.6524 (0.280 1) 
AVMIX04 (AG) 11.(CAA)1• (ACAG)10 CCGTITGCTTCCTGTATC 

GTTATCCCTTCCACíiTC 50 19 158-194 0.8922 (0.0750) 
A VACO! tTGl,~ CTGGTTGCTCTCTTGTCTACATAATA 

CGGTTTTGTAAGTTGATAG 40 16 95- 185 0.8627 (0.0597) 
AVMIX02 (TC}¡,.(TCC), GAGTCACGCTCGTAGGCT 

TATAAATTCAAATGACAC 40 10 147-135 0.7335 (0.0363) 
AVAG06 <CT>,w CGACCTCITCTTATACTC 

GTACCTCTGATAATGAGCAT 40 15 59-89 0.8625 (0.0629) 
AVAGIO (CT):¡ GAATTACAAAGCACTAGAG 

GTAGAAAGTGGGCACACAT 45 30 149-234 0.8695 (0.0607) 
AVAG22 (GA)1,, GATCATCAAGTCC fCCTTGG 

GATCTCATAGTCCAAKI'AATGC 55 16 96- 130 0.8206 (0.0597) 
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Thblr: 3. Atldt> \i:te for ~am IOCU> lUld comp¡amon ol Ettrnge.-and Prnken011 (orallelr: ~•te• 111 ~le? 14 microsatellite loci . 
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NA: no ampl ific-nuon . 

loci that contained llÚJied rcpeat mo1ifs gave ampüficatjon produc1s 
diffe1ing by two bases or multiples of two for each allele. 

A CC€SSION lDENTIF1CAT10N. Of Lhe 104 accessions with dupli
c;;alc planls. 85 (82%) had ideniical al leHc configurations o ver all 
loci. Nonidenlical allelic configuralions usually resulied when 
onc of ihree or four 1rees was no! !he same gen01ype. Many 
of ihcse off-1ype plarlls had becn previously detected based on 
phenotypicdifferences and !he molecular data confim1ed the mis
idcmilication. The 104 duplicated acccssions are represented by 
274 plams. only 19 of which wcrc gen01ypicaUy different from 
their sibling clones. The {ate of error associated wilh propagation 
of lhe avocado collection is estimated to be 7.0%. Of lhe four 
cuhivars common to both thc NGR and SCFS, three were iden
tical be1ween collectíons. • Bacon'. 'Etúnger' , and ·Mexicola'. 
· Nimlioh' díffered at 12 of !he 14 loci. The cultivars 'Ellinger' 
and 'Pinkenon' were used in the study by Sharon el al. (1997) 
where !he microsatellite markers were developed. These 1wo cul
tivars were also included in our study. 1l1e comparison of allele 
sizcs for ·Pinkerton· procluccd very similar fragment sizes, ours 
being on average 4.5 bp smaller, with the exception of alleles at 
two loci. For locus AVAG 10 Shnron ct al. ( 1997) reportee! allele 
~izcs of 149 and 153 bp. whereas our allele~ are 149 and 190 bp. 
Anoihcrdifferenceoccurn:daiiocusAVACOI whereweobtained 
no amplification producl . whercas Sha.ron et al. ( 1997) repo11ed 
one nmplification product :11 117 bp. The comparison of allcle 
si7c for ·Ettinger' <liSo produccd vcry ~imilar fragment ~ize~ . 
ours bcing on average 4.8 bp smaller. Wilh rhe exceplion of al
le les at ~ix loci Ihat were on average 20 bp larger. For examplc, 
Ihc largcst difference occurred at locus AVAG 11 where S harem ct 
al. ( 1997) repo11ed allele sizes of 109 bp and 115 bp. whereas our 

amplification produclS wcrc 109 bp and 161 bp (Table 3) . 
Gt:: f:fJC DITFERENfiA'fiON BET\1 F.EN HORTICl!LT\IfV\I. KACES "'"' 

RF.I..A TEDNESS OF CULTI v ARS. The PCA supports the gro u pi ng for thc 
Wesllndian, Guatema]an. and Mexican races as illustraled in Fig. 
2A whereonly lheindividuals within each race were ana\y-¿ed. Thc 
PCAwas able to summarize 29.7% of the total variabilityonto the 
threeaxes shown in this plot ( 18.3%. 6.4%, and 5.0%. respective! y, 
for Prin 1, Prin2. and Prin3). The PCA based on gene frequcncy 
suggested that Ihe raceofsome accessions was incorrectly assigncd. 
S ix of the Westlndian accessions d id not group wi th the West l nd ian 
clusier. Two of these six, 'General Francisco Robles· and 'Oriz;•ba 
6 · areclearly Mexican; both containedestiagole in t11eirlcaves.1\vo 
others, · Avocmosa · and 'Ori7..aba 3· clustered wilh thc Guatcmalan 
group whilc 'Biscayne· i mostlikely a M xW hybrid and 'Novil
lero· is most likely a G X M hybrid. Based on 1he PCA, 12 of 1he 
Guatemalan accessions cluMcred in problematic areas. 'Tehtoh' is 
clearly a West lndian accession, ·La Piscina· is Mexican and nineof 
the other accessions are mixed racial hybrids. 'Collins Seedling 2 ', 
'ColliJls·. 'MIA35730a'. ' MIA35730b', ' MIA35730c', and 'Key 
L<1rgo' aU are M x W hybrids while 'Dickinson· and 'Lima Late· 
are G x W hybrids. · PIC9651 · cluslered in Ille Mexican accessions: 
however il was lisicd a.\ a Guatcmalan accession (Ben-Ya'aco\ , 
1995) and does not comai n cs1ragole in lhe lea ves. Ba.o;ed on 1he 
PCA. five of Ihe Mex.ican accessions cluslered in problema1ic ;lr
eas. 'Brooksville Seedling 2' :md 'Brooksville Seedling 3' scem 
10 be West lndian or Wes1 lndiam hybrids while 'Gottfried. and 
'Miramar de Monte ele Oro' sccm to be CH. 'llzamna Scedling 
1' clustered as a G X W Thcse changes are illustrated in Fig. 2A 
where the original racial designaiions are indicated wilh different 
symbols and the putalively misidentified accessions are labeled. ln 
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Fi¡;. 2. Principal coordinatc unalysi' (llCA) for the microsMellirc cvalumion of the uvocado gennplusm. + Guatcmulan ncccssions. "' Mexican nccessioos. I:J. Wcst 
lndian acc:essions. (A) PCA for the Guatcmalan, Mexican. and West iJldiun avocado accessions bascd on 14 micmsntelli tc loci and illustrating íncorrec;t populntiOtl 
da$s ificution within cach racial gn~up. correcl clnssífication í11 parcnthc:;i~. This plot conlnin~ 29.7% ofthc total v:triabilily, IS.3% for tho first principnl coordinMe 
a.xís. 6.49é for thes.:cond. und 5.0% for the third. Symbols ( + . "'· 6) índicmc. original classification. CB) PCA for thc Gua1cmaJnn, Mexica.n. Wcstlndian races . 
nnd the G x W hybrids. Plot comains 27.9% of the total variabilily. 17.4'*' for thc lirst principal ~oordinatc Axb. 5.9% for the stcond. and 4.6% forthcthil\i: U = 
(j x w. (C) PCA for the Guatcmalan. Mcxican. Westlndian races . and thc GxM hybrids. Plot c:ontams 29.5% of the total variability. 20.1 % for thc lit''' pnncip:~l 
coordmut~ axis. 5. 1% for thc second. ond 3.9% for thc third: O ~ G X M. (O) PCA for tho Gualcmolan. Mexican. Wes1 lr¡dían roces. nnd thc MxW hybnd•. Plol 
COIIIllin' 29.9~ of lhe total vnnnbilit). 20.49é for thc firsl principal coordina1e axis. 5.0 ~ for t1Je secontl. tlnd ·1.0% for thc 1hird; O = M x W . 

a similar manner. the olher ímerracial hybrid groups were analyzed 
and changes made based on the PCA. All of 1he Unknown acces
sions ( 15) could be placed in racial or hybrid groups so they were 
no longe.r considere.d ;ts a group for analysis purposes. A lota! of 
50 accessions ( 19.7%) werc changed bascd on the PCA and lhcse 
changes are listed in Table. l. All further analysis. including PCA 
and phylogenetic. was done using this corrected datase!. 

PCA for tl1e Guatemalan. Mexícan. and West 1 odian populalions 
and the three inlerraciaJ groups are íllustrated in Fig. 2B~D. The 
PCA lhat includes !he G X W hybríd grouping accounted for 28% 
of the total variaúon and the G x W accessions cluslered between 
the 1wo source populations (Fig. 2B). Likewise. Fig. 2C illustrates 

the G X M accessíons clustcríng between the two source popula
tions and !he PCA accounts for 29.5% of the total varimion. Fig. 
2D illustrates the M x W accessions again clustering between the 
two source populations with the PCA accounting for 29.9% of thc 
variatjon. Thc PCA for 1he CH group is not illusu·ated but thcsc 
cluster together in a differenl area that overlaps wilh the other 
in1erracial hybrids . 

Significant differences wcre found for each racial comparison. 
Guatemalan vs. Wcst lnclían. Guatemalan vs. Mexican. and Mcxi
can vs. West lndian for 13 of the 14 loci from lhe Chi-squarc 
analysis. Significan! frequency differences were also detecled 
for locus AVAG22 between the Gua1emalan vs. Westlndian and 

Tabk.- 4. Ch1-:.quare values for tcM~ of )imilarity of allelc frequcncy by racial background.' 

G v. W J35.83" H-1.05- Sl !J" IJI 18"' 97.45" 114.Sr 98Jl• 76.20" 
(j ,,, M 71J. I7" 19.12' 32.71" 61).74" 50.34" ()8.83" 6.U8" 44.15" 
M"'· W Ll3.65" 1 12.9 ' 12U. ll" 156.22" 150.15" 1444(1" 149.')1)" 108.77" 

•G • Guo.lemaltJJ1, M Q M<.•\i .. ~an, o mi \V • \Vc•a lndilln rnce.ct. 
'"SiénllllUII "t P < 0.05 or0.01. ~SJ>í:<' l t vdy . 

AW::uxm 
94 O'í" 
~1.69" 

155.91" 

AVXCóf XVMlxoi 
ltiS.J2" i 5t.XY' 
44.'./X" 6ll.24" 
7R.72' IRJ.45" 

AMN AVAGIO AYA Gil 
100.66" lii. 11· :!() 75' 

45.36" 67.34" 14.42 
144.69" 140.98" 21..!7' 
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Wcot tnctlan 
MexiCM X Wost lndi&l 

West tndl.ln X Guatem31an 

01 

Fig .\. Netghbor-joining tree of Guatemalan. Mcxican. and West lndian r.u.~ 
antltntcn-.tcial hybrids based on tht' Cuvallo-Sfor:za and Edwartls ehord dist3nce 
I:Jiculated from microsatcllitcdata. BOOI51r:lppcrcentagcswerccompulcdusing 
1000 replication~. BootMrnp valuc~ oolow 50% nre not shown. 

M ex ican vs. West lndian bul not for the Guatemalan vs. M ex ican 
comparíson (Table 4). 

Phylogenetic analysis of thc microsatellite data for the 1hree 
populations and lhe intcr-populat ion hybrids was in agrccmcnt 
with the previouslyreported genclic relationships that separated thc 
Gua1emalan. Mexican and Westlndian races (Davis et al., 1998: 
Fiedlcr et al.. 1998: MJ1amced et al. . 1997). The NJ tree based on 
Cavalli-Sforza and Edwards ( 1967) chord distance grouped thc 
thrce rnces into distinct clusters. The Perseo spp. were djstincl 
from any other group. The Gu:llema.lan race and G X M hybrids 
clustered togelherwith a high bootstr:lp value and the West Jndian 
and W x G clustered together again with a high bootstrap value . 
all Olher groups had Jiu le bootstrap support (Fig. 3). 

All of the groups had a high average aJlele number. wi1h 
the cxception of the M x W group thal only contained eight 
individuals (3.57 10 13.35. Table 5). AJIIoci were polyrnorphic 
whcn considered over all groups. H1111 was high in the Mexican 
(0.83) and Guatemalan populations (0.81) and lower for the Wcst 
lndian group (0.61). The Olher groups hada narrow range0.79 
to 0.75. H'*" did not follow thc same panem being higher in Lhc 
Guatcmalan populalion (0.75), lower in thc Mexican (0.66) and 
lowcr still in the West lndian (0.50). The M X W. G x W hybrids 

and CH hada high H.,¡,.,0.87, 0.79 and 0.78 rcspcctivcly. whilc 
the Perseo spp. and G X M were similar. 0.70 (Tablc 5) . 

With theexception ofthc M X W hybrids.all otherracial group
ing¡; contained unique alleles. 27 among the Mexican acces~ions . 
16 in the West lndian group. seven among the Guatemalan ac
ccssions, and from one lo four among t.he other group5 (dala not 
shown). Of these unique alle les. only three were ata frcqucncy 
grcater than 0.05. Two of thesc were found in both of the Perseo 
spp. accessions (0.33 andO .75 dueto tbe existence of a null al
lele in P. schiedeona) and the olhcr in lhe CH group (0.1 3). Only 
one allele in the Guatemalan population hada frequency grcatcr 
than 0.50, allele 9 for locu!. AVMIX02 with a frequency of0.71 . 
Both the Mexican and Wcsl lndian populations comained 1hi:. 
allele but at low frequencies of 0.17 and 0.04, respective! y. The 
highest frequency in the Mcxican population was 0.44 at locu~ 

AVAG 11 for aJlele 2 and 0.46 at locus AYMIX02 for allcle 2 . 
The Westlndian popuhuion had alleles with frequencies grea1cr 
than 0.50 for eight of the loci, AVAG05 allele 6 (0.75). AVAG03 
allelc 6 (0.53). AYAG 11 allcle 2 (0.72), A VAGO? allcle3 (0.92) 
A VACO 1 aJiele 5 (0 . .58).AVM 1X02 allele 3 (0.90).AVAG06allele 
3 (0.51) and AYAG 10 a(Jele 1 (0.62). Allele 3 al AVAG07 was 
common 10 mos1 of lhe West lndian accessions, 58 accession 
were homozygous for this a.llele, six were heteroz;ygous leaving 
on.ly onc acccssion nol hnving 1his allclc. This allelc nlso oc
CUITed in lhe Guatem:.~lan and Mexican populations bu1 ;¡¡ lowcr 
frequencies. 0.34 and 0.28. respcctively. Allele 3 at AVM1X02 
also occwTed in a high frequcncy with36accessions homozygous. 
18 heterozygous and 11 not containing this allele. The frequency 
of this allele was low in the Guatemalan population (0.07) and 
moderate in the Mexican (0.20) . 

Discussion 

Anributes that makc microsatellites desirable as molecular 
markers include their hypcrvariablity. abuodance and automllled 
experimental procedurc~ fordetcction. By using an aulomated high 
throughput CE system. we werc able to analyze a htrgc number 
of individuals for 14 microsntellite loci. The pattem of thc PCR 
products produced by ampl ification of the genomic DN A was u~u
ally simple.lt was possible to distinguish the full size amplillcation 
products containing the microsatellite from the stuner products and 
from Lhe +A product. High le veis of microsatellite polymorphism 
have been anributed to two molecular mechanisms. replication 
slippage and unequaJ crossing over (Johnson e1 al .• 1992: Messier 
el al., 1996). Eleven of the 14 microsatellile loci had 15 or more 
alleles in lhis study lind loci AVAG2 1. AVAGI3, and AVAG.IO 
could be considered hypcrvariable with 30. 29. and 30 alleles 

Table S. Gcnctic variation within thc threc horticultura) raccs and among hybrid popululions across 14 micro~mellitc loci; No.= samp\c siz.c; Pu~\ 
= proportion of polyrnoq)hic loci when most frequenl nllele docs not cx.ceed 95%: A = mean number of a lides per locus: H,~ = unbiascd gene 
diversity (Nei. 1978); H .• ~o. = obscrved heterozygosity. Standard devi:ttions are indicated in pareruheses . 

Pnpulation No. P09, A 
Guu1cmalan 35 1.0 11 .29 
M C)(ÍC<tll 51 1.0 13.35 
Wes1 lndian 65 1.0 11.14 
G X W• 32 1.0 9.93 
G X M> 30 1.0 9.&6 
MxW• os 1.0 
C(Hnplcx hybrids :~o 1.0 
Pasea spp. 03 1.0 

'Listcd in germplasm re~ords a l Gumemalan x West Jndian Hybrids . 
YLtsh::d a~ Ül~<llcmalun X Mex ican hybrid~. 

•Listcd as Mcxican X West lndiun hybrids . 

6.00 
8.79 
3.57 

0.806 (0.11 0) 
0.830 (0.065) 
0.()()7 (0.226) 
0.770 (0.099) 
0.792 (0.062) 
o. 788 (0.090) 
0.752 (0.109) 
0.793 (0.134) 

0.746(0.136) 
0.664 (0.1 63) 
0.496 (0.242) 
().792 (0. 102) 
0.702 (0.174) 
0.866 (0. 1 1 5) 
0.779 (0. 144) 
0.702 (0294) 
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Material Safety Data Sheet 
Personal Protective ui lll('DI 

See Section 15 . 

Sectlon 1. Chemical Product and Company ldentíffcatlon Page Number. 1 

Common Nome/ lndole-3-butyric acid Catalog IN127 
TMid(' N ame Numbtr(s). 

CAS# 133-32-4 

Manuracrurcr SPECTRUM LABORATORY PROOUCTS INC. RTECS NL5250000 

14422 S. SAN PEORO STREET TSCA TSCA 8(b) in ven tory : 
GAROENA, CA 90248 lndole-3-butyric édd 

Conunerdal Namt'(s) Hormodin Clll Nd availabte. 
Seradh< 

Synonym 3-lndolebutyric Acid 
IN !:;t\SE Of EMERGENQ:: 

Chcmkal Name ln<k:.:Ae-3-Butyric Acid CKEJ\ITREC (24hr) 800-424-9300 

Cbtmk•l Famíl~· Na available. CALL (310) 516-8000 

Chemlcal formull C12H13N02 

Supplitr SPECTRUM LABORA TORY PROOUCTS INC. 
14422 S. SAN PEDRO STREET 
GARDENA. CA 90248 

Section 2.ComposJtlon and lnfonnation on lngl'9dients 

E.Y:pasurt Untils 

No me CASII TWA (mg/m') STEL (mg!m') CEI L (mg!nr') % byWrlght 

1) Jndd&.J.Wyric acid 133-J2-4 100 

To\lcological Data lncble-3-butyñc ackl: 
on Jng.rt'dítots ORAL (LD5()): AoJe: 100 nql(g [MouseJ. 

S.wtlon 3. HazarrJs ldentlflcatlon 

Potcntial Acule Health Effects Hazardous in case of skln contact (irritant). of eye contact (irritant). of ingestion, of lnhalation. Severe 
over-exposure can result in death . 

Potential Chronk Health CARCINOGENC EFFECTS: Not available. 
Effects MUTAOBIC EFFECTS: Ml4agenic f()( manmalian somaic cells. 

TERATOGEHIC EfFECTS: Not available. 
DEVEl.OPMEHTAL TOXICITY: Not avallable. 
Repeated expa;ure to a highly taxlc material may produce general del~ion á health by an accurru~lon in 
one ()( many hwnan agans . 

e 1 Contlnued on Next Page 

• • • • 
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Page Number. 2 

Section 4. First Aid Measures 

Eye Contact Check fOf and remove any contact lenses. In case ~ contact, immedíately flush eyes with plenty ~ wáer for at 
least 15 milutes. Ge4 medical attention . 

Skin Contact In case~ contact, immedíately fush skin with plenty ~water. O:Ner the irritated sldn wilh an ernollient. Remove 
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get 
medical attention . 

Scriou~ Skin Conlsct Wash with a dislnfectant soap and cover the contaminated skin with an anti-baclerial cream. Seek lmmedlate 
medical attention . 

lnbalalion lf inhaled, refl'lO'Ve to fresh air. lf not breathing. give artificial respiration. lf breathing is dífficuk. give oxygen. Get 
medlcal attention . 

Scrious lnhalatíon Na avatlable. 

lngestion lf swalklwed, do not induce vomiting unless directed to do so by rnedieal persoonel Never give anything by 
mouth to en unconscious person. L.oosen tight clothing such as a cdlar, lie. belt or waistband. Get medícal 
attention immediately . 

Scrtous lngestion Not available. 

Section 5. Fire and Exploslon Data 

flammabllil)' of thc Product May be combustible al high temperatura. 

Aut()-lgnition Tcmperatur~ Na available. 

Ft.ub Points Not avalable. 

Flamlllllble Línút1< Not available. 

Products of Combusliou These products are carboo oxides (CO. C02). nitrogen oxides (NO. N02. .. ) • 

Fire Hazards in Presen<:t> of Stightly flarnméble to flammable in presence á heat 
\' arious Substances Noo-flammable in presence á shocks. 

Explosion llv.ards in Presence Sfightly explosiva in presence ~ open f1ames and sparks . 
ofVarious Substances Noo-explosive in presence á shocks. 

Fire figbting Media SMAU. FIRE: Use ORY chemical pa.Wer. 
and lnstructions LARGE A RE: Use water spray, fog or loam. Do not use water jet. 

Spt'Cial Remarks on As with most aganic solids, f~re is possible at eleYáed temperaturas 
Fin Hazards 

Special Remarks on Exploslon Fine rust dispersad in air in sufficient concentrations. and in the presence d an ignitioo srurce is a potential dust 
Hazards expbsioo hazard. 

Sectlon 6. Accidental Re/ease Measures 

Small Splll Use appropriate tools to put the spilled solid ín a convenient waste dísposal container. Finish cleaning by 
spreading water on the contaminated surface and dispose of according to local and regional authority 
requirernents . 

Largc Splll Poisonous solid. 
Stop leak if without risk. Do not gel water inside contairer. Do not toueh spilled material use water spray to 
reduce vapors . Preven! entry into sewers, basements or confinad areas; dike if needed. Eliminate al ignition 
sources. Call for assistance on disposal. Finish cleaning by spreading water on the contaminated surface and 
alb.v to evacuate through the sanitary systen . 

1 Continued on Next Page 
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1 lndol&-3-butyric acid 

Section 7. Handling and Storage 

Pr~.aution~ Keep <NJay from heat. Keep <N~ay 1rom soorces á ignition. Ground al eQuipment contaning materia. Do not 
ingest. Do not breathe dust. Wear suitable p-otective c~ing. In case of insuff!Ciert ventilation. wear suitable 
respiratory equipment lf lngested, seek medica! advice immediaely and shoN the container oc the label Avoid 
contact wilh skln IJld eyes. Keep <May from i~Dies such as Olddizing ageots, alkalis . 

Storagt Keep container tightly closed. Keep container in a cool. well-ventilated area 

Sectlon 8. Exposure Controls/Personal Protection 

Englneering Conrrols Use process enclosll'es, local exhaust ventiláion, oc ~her eogineering controts to keep airbome levels below 
recommended QlCPOSUre timits. U user opennions generate dust, fume ()( mist. use ventilation lo keep exposure to 
airbome contaminants bebN the exposure limit. 

Persona.! Protc"lion satety gtasses. Lab coat. Oust respira!()(. Be sure to use an apprOYedlcertified respirat()( ()( eQuivalent. Gloves 
(lmpervioos) . 

Personal Proitttlon In Case of S~h goggles. FuU suit. Oust respirator. Boots. Gloves. A self contained breathing apparáus shouk:l be used 
a Larg.-Spill lo avad inhaláíon of the product Suggested pdective clothing might not be sufficient: consult a specialist 

BEFORE handling this product. 

Exposure Umlts Not available. 

Sectlon 9. Physlcal and Chemical Propelties 

Physical stare and appt'arantt Solid. (Crystals scid.) Odor Odorless. 

Taste N<X available. 
Molecular Weighr 203.23 glrrole 

Color O f--Mlite. White to yellc7Nish. 
pH (1% solnJY~afer) Not applieable. 

Boiling J>oinr Not available. 

Melling Point 124•c (255.2"F) -126 e 

Crirical Tem¡:lfratun- Not avalable. 

Spt'cific Gravily Nct available. 

Vapor Pressure Not applicá:>le. 
.. 

V o por Oensity N<í available. 

Volalility N<X available. 

Odor Threshold Nct available. 

Wacer/Oil Oist. Coeff . N~ avalable. 

lonicity (In Water) Not available. 

Oispenion Propt'rtil's N<X available. 

Solubitity lnsduble in cold water. 

Section 10. Stability and Reactivity Data 

Srability Theprodud is stable. 

lnstabilíty Tcmperaturc Not available. 

Condllions of 1 nstability E.xcess heat. incompatible materíals 

lncompafibility witb various Reactive >Mth Oódizing agents, alkalis. 
substanccs 

Corrosivil) Noo-corrosive in presence of glasS. 

e 1 Continued on Next Page 
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/ndol&-3-butyrlc acid "-ge Number. 4 

Special Remarks on light SEnSitiva. 
Reaclivity 

Special Remarks on Na available. 
Corrosivity 

Polymerizalion Will not occur. 

Sectlon 11. Toxlcologfcsl lnformstlon 

Routes of Entry lnhalation. lngestion. 

Toxicity to Anlm11ls Actie eral toxicity (LOSO): 100 mglkg [Mouse). 

Chronic EffeciS on Hunl8ns Mllr AGENIC EFFECTS: Mutagenic for mm-vnalia"l somatic cells. 

Other Toxic Effects on Hazardous in case á sldn contact (irritant), á ingestlon, á inhalatbn. 
Humans 

Special Remurks on Lethal OoseiCooc: 
Toxicitr to Animals LO(RatJ - Route: Oral: Dase: >500 mg/kg 

Special Remarks en May affect genetíc material. 
Chrouk Eff~l$ on Human$ 

Special Remarks on orher .Acute Potential Health Effects: 
Toxic Effects on Humans Skin: Causes skin irritatial. 

Eyes: Causes eye irritaticn May caJSe c:Onjunctlvitis 
lnhalation: Causes respiratory tract mtation . 
lngestiat: Harmful if swallo.Yed. May cause gastrtintestinal tract irritatiat with nausea. vomitting and diarrtlea. 
The toxicological properties á this substance have n<X been fUiy investigated . 

Sectlon 12. Ecologlcal/nformatlon 

Ecotoxicity Na avalable. 

8005 tnd COl> Na avalable. 

Produc-ts of Biodegradation Possibly hazardous shat term degrajatjon products are not likely. ~. long term degradatioo products may 
arise. 

Toxicity of the Products The pr<XIucts d degra::lation are less toxic than the product itself. 
of Biodegradatioo 

Special Remarks en the Ná available. 
Products of 6todegradat1on 

Section 13. Disposal Consideratlons 

Vaste Disposal W aste must be disposed of in accordance with federal, state and local environmental 
control regulations . 

Sectlon 14. Transpon lnformatlon 

I>OT Oa.ssifir.ation Nd a OOT cootrolled material (Un~ed States). 

ldcntift<'-&tion Nd applicable. 

SpecíaJ PrO\•hioos for Na applicable. 
Transport 

1 Continued on Next Page 
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DOT (Pictognms) 

• • • 
Sectlon 15. Other Regulatory lnformation and Plctograms 

• • • • • • • • • • • • • • • • • • • • • • 

Federal and State 
Rq:ulations 

Othcr Regulations 

Oilier Classlfkations 

HMIS (U .S.A.) 

WHMIS (Canada) 
(Pictograms) 

e DSCL (Europe) 
e (Pictograms) 

• 
TOG (Canada) 
(Pictograms) 

ADR (Europe) 
(Pictograms) 

Protective Equipment 

to cause CMcer which wouki requlre a waning under the statute: No products were found . 
Calífc:nVa prop. 65: Thís product contains the follo.ving ingredlents fa wtiÍch the State of California has found 
to cause birth defects which woUd require a warning uroer thestatute: No prociJcts W«e fourd . 

OSHA: Hazardous by delinítion el Hazad Communicalion Standard (29 CFR 1910.1200). 
EJNECS: This product is oo the European lnVEIIltory el Existilg Commercial Chemical Substances . 

Ná controlled under WHMIS (Canada). 

R22- Hs-rnful íf swallowed. 
R36/37/38- lrrita!íng to eyes, 
respiratory system élld skín . 

National Fíre Protection 
Association (U.S.A.) 

Gloves (impervk>us) . 

S26- In case d cootact wth 6'y"es. rinse 
immediately with plenty of water and seek 
medica! advice. 
836137139- W&ar suitable protective clothing. 
gloves and ~ace prctectioo . 
845- In case d accident or if you feel unwell . 
seek medical advice irrmedi~ely ( shcm the 
laOOI where possible) . 

lleallh 

nammablli¡y 

R-tMt~· 

Sp«if..- haurd 

• • • • • • • • • • • • • • • • • • • 
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lndole-3-butyric acld Pag6 Number. 6 

~ 
Labcoat 

• 
Oust respirator. Be su re to use m 
approvedlcertified respirator a 
equívalent . 

Safety glasses . 

OC/ 

Sectlon 16. Other lntormation 

MSOSCode 13070 

Refcrenres Ná availatlle. 

Other Spedal Ná available . 
Conslderatlons 

Validated b)' Sonia Owen on 412612004. Verlfied by Sonia Owtn. 

l'rlnted 812512004 . 

Ci\LL {310) 516-8000 

Notkc to Rea~r 

A/1 <"htllfÍ<"ol.< lflltY fiOI"' •¡¡/¡l'l(fK<tf k:A~M 11ttl .dw/Mi IH IIUfi ,.itiJ <'Dtfflllll. TIJb •'"*río/ S./~ Orsl• ShNt f.USDS) 11ppJiN mly 10 tht ..,.,..,;at •~ pa<'ktlf:riL. lf this prodllct J.y 
rorrrbiflf'tl ~trh olhn -ltriul.'<. tlnrriiiNir.f. or /Jrroltln NHIIUIIfi - d, lt _ , fHJ'S' ll<rJtnh n<11 llfnlti<IIWII ;, thi,t ,liS~ 11 >11111/IH t/w ,.,.,,~. ~n.<ibllil)' ro dn·dop proptr 
IIMhods ofluJJoJ/ing tttN! ~/ proi«IÑHI IM:wJ ott tbr w:twl u militillll> <>.! """· ll'hif<' lhis JISDS is INLwi on t<'C'Io.U..I d•t• jud¡¡f'd 10 ht rrliabll'. Sp«tn,., (!wlity Prodll('tt • 

' ""· <mil-. no ~bility for rlw rompll!fnes:J or II<'<UfYMY of lhr iltf-"tíf11f rot~lllinf'i /tn'rill . 
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BroMw Norsery lnc . 
PO. BOX 4818, SATICOY CAL FORNIA 93007·0818. U S.A 

TEL. tBOS) 647-2262 FAX (805) 647-6493 

"' W\.,_brokd\\ nur:-.erv .l o m 

FERTILIZER DOSAGES FOR DRIP IRRIGATION 
for Young Citrus and Avocado Trees 

Thc following are rccommcnded fertilizer rate tables for liquid and dry formulations to be injected 
into drip irrigation systems for young trees. It is a balanced program designed to produce optimum 
tree growth during the first three years of an orchard's life . 

The rates are generous and represent max.imum amounts to be applied under normal or average 
conditions . 

Any particular soil may not require all the nutrients included in both of the tables. lt is designed to 
take care of an orchard with varied soil conditions such as occur in h.illside plantings with little 
topsoil. We th.ink it is a good starting point. For more precise custom cvaluations, of course, see your 
soil advisor . 

If growth has been successful during the first three years, the fourth year should be a good bearing 
year and the dosages may be reduced. Beginning the fourth year and fifth year you should be guided 
by leaf and soil analyses rather than simplified tables such as these . 

FERTILIZER RA TE TABLE 1 

Form Material PPM Vol./1000 gal. Of Wt./1000 gal. Of 
lrrlgatlon Water lrrlgatlon Water 

l . Liquíd 20·0·0 (Ammonium 93N . 37 gal. 2.22 lbs . 
Nitrate) 

2. Dry lorm (mix as a Supplementary lron Chelate 
slurry before adding (Sprint 138) 8% Fe 
10 injector) a)One shot quick correctiva 9.6 Fe 3 cups 1 lb. 

b) Constan! leed 1.36 Fe 6 Tbs . 2.28 oz. 

2. Dry lorm (mix as a Supplementary Zinc Chelate 
slurry before addang (14.2% Zn) 
lo injector) a)One shot quick correctiva 4.26 Zn 3/4 cups 4 oz . 

b) Cons1ant leed 0.36 Zn 1 Tbs. 113 oz . 

e Example: 
• Lct's supposc that you start out by applying only thc liquid Ammonium Nitra te (20-0-0) through 
• your drip system by means of a small injector tank. lf you have, asan example, 674 trees, each with 
• one (1) gallon per hotu emitter, and you planto irrigate for six hours, then your total amount of 

• • • • 



irrigation water would equal674 trees (times) 6 hours = 4044 gallons of water. The ratio of 
Ammonium Nitrate that you would use would be expressed as: 

gal. of water used x .37 = (or) 4044 x .37 = 1.5 gal. of Ammonium Nitrate (20-0-0) 
1000 gal. 1000 

that you would put intu your injector tank to be dispensed during the six hour irrigation period at the 
slowest rate possible. 

Should it be inconvenient to use liquid Ammonium Nitrate you could substitute 9 lb. of granular 
Ammoniwn Nitrate thusly: 

gal. of water used x 2.22 = (or) 4044 x 2.22 = 9 lb. 
1000 gal. 1000 

CAUTION: Be sure that your lines are charged with pure irrigation water before you begin injecting. 
Otherwise the fertilizer may rush to specific areas of your orchard causing severe damage to some of 
your trees. 

Lines 2 and 3 in FERTILIZER RATE TABLE I suggest two dosages each of lron Chelate and Zinc 
Chelate. The dosage listed in each case as "One shot quick corrective" is for cases of pronounced 
chlorosis and/ or other deficiency symptoms. the other dosage is, as noted, a constant feed dosage to 
be used at each irrigation along with the Ammonium Nitrate. 

FERTILIZER RATE TABLE II 

Form Material PflM Vol.l1000 gal. Of Wt./1000 gal. Of 
lrrigation Water lrrigation Water 

1. Liquid 75% Phosphoric Acid 
(food grade or 16.8 611. Oz. ... 

technical) 

2. Solids 750 lbs. KN04 
dissolved in (Potassium Nitrate} 
500 gals. Of 1 O lbs. CuS04 5H20 19N, 52K,0.5Cu .79 gal. 1.2 lb. KN04, .25 oz. 

solution (Copper Sulfate) CuS04 

FERTILJZER RA TE TABLE II is included asan optional suggestion for the grower who may want to 
provide these additional nutrients. lf Phosphoric Acid is mixed with !ron Chelate it may form a 
precipitate which could clog emitters. For this reason it may be wise to inject these two at dilferent 
intervals during the watering cycle. 

10/98 BNI 
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Mounding Avocado Trees 

1 Iere b some information that may be helpful in your prcparations 
for trces. Watering is of the utmost ilnportance. Be sure to review 
the Ca re of Citrus and Avocado Trees pamphlet on the subject. 

Mounc.b can provide enhanced aeration for avocado roots and 
encourage a quick start for young trees. You should use native soil, 
free from pre-emergent herbicides. The mound should be 
incorporutcd or mixed into the floor of thc orchard to clin1inate any 
possibil ity of an interface that could inh ib it water percolation. Build 
the mound l to 1-1 / 2 feet high, ata 4:1 slopc. The rnound should be 
set tled with water and allowed to d rv out somewhat so vou are not 
planting in muck. Diga hole 18 ' in d iametcr and about ·15" deep . 
Place the nursery tree in the hole to check planting height. The soil of 
thc nur~ery ball should be about 1" above the top of the motmd to 
kccp thc hall cxposed to irrigation water. Cut and rcmovc the 
bottomless container only after checking and adju~ting the plan ting 
hcight. Backfill the tree little by lit tle lightly tampmg out air spaces . 
Do not ovcrly compact the soil. Water thc trce in wi th abou t 10 to 20 
gallons of water to assu re no air spaces rcmnin nround thc root ball. 

We ha ve secn good results from capping off the mound with 15 to 35 
lbs. of gypsum, then cover the mound with a coa rse mulch about 4" 
to 6" thick. Be careful to keep the mu lch from piling up arotmd the 
trunk, it's best left exposed. The calcium in the gypsum inhibits the 
Phytophthora fungus and the mu lch providec; an ideal environment 
for shallO\'\ aerated roots to develop . 

Trees should be treated every three months with a fungicide to 
control root rot until the trees are well established . 

We hope this is helpful please do not hesita teto call if you have any 
qucstlons . 
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SOME COMMON PROBLEMS WITH YOUNG, ESTABLISHRD 
AVOCADO TREES 

Faulty Watering 

Almost all difficulties with young avocado trees can be traced to watcring practices, or soil 
conditions and of thc two causes, watering practiccs is thc most common. A grower should use a 
soil prob~ to t~st the moisture in and around the tree b<tll. The soil in both places should always 
be adequately moist and never soggy for an extended period of time. Common results from 
faulty watering are salt damage and suffocation as listed below: 

A. Salt Damage. This is normally detected by "tip burn" of the !caves. T his is a drying out and 
dying of the lea ve:.. and especially the leaf tips. Scmi-burncd lea ves are ruthcr small. and often 
ydlowed. They contra:.t wirh thick. large dark green kave!'l of a wt:ll watered and nourished tree . 
The trce bark is often sunbumed. The condition often shows up in the winter. but is usually a 
resu lt of uamagc done during the previous summer or fall. 

All soils and waters contam salt, and when soil dries out becausc of e\aporation of moisture, the 
salts bccomc more and more concentrated. The plant, thtrsty for water, sucks up the 
conccntrated solution and the salts concemrate in the borders of the leavc:s. Since they have no 
effic ient way to escape from the leaYes, they potson the ussue. Hence, whlle the normal remedy 
of sa lt-ladcn soil is to leach it thoroughly and wash out thc salts. it is usually too !me by the time 
the lree shows the above-tlescribed symptoms. The bes t that you van do is to try to avoid a 
rec:urrence of the condition . 

B. Suffocnt ion, lt is very easy to overwater a young avm.:auo platll and suffocate the rouls. The 
roots scemto need oxygen-laden air in thei r environmcnt. lf it is not pre..">ent , tlley simply cease 
to suc.k water from the surrounding soiJ, even 1hough it is thoroughly saturated. The leaves of 
the plant then wi lt : many of them fati off. leaving a weak. sickl y. sunburned stem with perhaps a 
fcw srnall !caves on the tip~ of the branohes. Such a tree is nm worth saving. Dispose of it 
immcdiatcly . 

Clllorosis 

Chlorosis is another cornmon problem and is most commonly assoc iated wilh a deficiency of 
available iron. Sorne general paleness may be due to nitrogen deficiency. but is normally of a 
a1ildcr form. Although iron is an exrremely common clement in thc universe. and most of our 
soils wntain quantities of it, under cenain alkaline conditi ons it is unavailable for plant use . 
When th1s occurs, avocado trees become pale yellow, and in severe case:-¡, their leaves begi.n to 
bum. The leaves may drop. This condition is detected in its early stages because tbe new, 
normally maroon or rich red growth is orange-ish or yellow-ish in hue. lf the condition is not 
corrected, the tree will be weak, lose its leaves, and be unproductive . There are two common 
countcrmcasurcs to jron chlorosis. when it is correctable - and it usually is . 



( 'ounll'lllH.'.l~llr~ tlllmhcr Olll;l i::. 10 appl¡ readil) a\ <~ilabl~ mlll 1'111:. ma: hl' an.:ompli~h~d h) the 
addllton of ~pnng 1 J~ 1ron lhdate. If you have él l.'hlorolllj ~.:onLIIlion. wv.tcLOilllll\.:nd as <1 staner 
for c~wtccu' t' m~:asute. ,1 une-<>hot application of one pounu of the chelnte per l.noo gallons of 
11 ngatton "ater f-or con~tant leed. ose two ount:es of the dtelatc pcr thou:-.anJ gallons of 
trrigat ion "'a ter. 

There ma) be other chelates v. hich will serve as well. Howcver, ¡f your tree is chlorolic. \Ve 

~commend 11111)1ediatc correctivc action accordmg to the ab<we formula. roo! around with other 
brand:> amlt) pe.., later. 

Counter meal.ure number two is to stop irrigating so often. and to let the root z.one try out more. 
Often. too soggy soil will cause a deficiency to available iron in leaves. n1e leaves may contain 
plenty of iron when analyzed. but for sorne reason. it is unavailabk. Of course, this treatment 
111\'ites thc danger of exce«sive :>alt accumulation, as descriheJ ahovc in A .. but one must simply 
work around two problems instead of one. Wat~r less often amllcat:h pcriodically. 

1 he over conccntration of soil warer may be your whole prohlem m none of it. In any case. 
<~pply counterm~asure number one. and then considcr the probahtlity of too wet a soil 
envirnnmt.•nt 

Zinc Deficicncy 

Lmc dcftcu.:ncy ,.., someumes detectable by a blotch~ kmd of )ello\\ ness between lhe veins of the 
lea\~). buttS Jifficuh to definitely diagnose m this v.ay. lt is po~lll\ely dtagnosed by lhe 
pre~ence nf c;hort leaf inter-nodes and long. narro"". small Jea' e.; umcentrated at the tips of 
brunches. Fruíts are small and abnorrnally spheroidal. Thc cond1t10n may be correctcd by an 
apphcation of a \pi'ay of une pound of zinc sulfale per 100 gallons of "'ater. \\ ith \preader added. 
\.\ hen th~ ne\\ lea\ es just beco me physically expandeJ. Thts tS usually 111 June or late summer. 
lt may he cone~o:ted. al su. by soil applicauons of 7tnc chdnte hut these mu~l he applied carefull). 
as 1t '" eas) lo kili tree" wtth the mat~nal. Apply atthe rate of 

Cnrrc<.:!tve actÍ(I11: ·l 01. ¿inc chelate per 1.000 gallons irrigation water. onc time only. 

Ü 1nstant fl:(:d maintcnancc: 1/3 Ol. ztnc cllelate per 1.000 güllons irngati<)n water. 

2/4175Rcv. 12/X8, 6/99 
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Care of Citrus and Avocado Trees 
by 

W.H. Brokaw 

Thc Sleevc-Grown. Fully-Leafed Tree: 

A fully-leafed, sub-tropical evergreen must be treated differently than the standard, deciduous, 
ternperate plan t. Normally, it is planted somewhat later in the year so as to capitalize on the 
warming spring soil, and special allowance must be made for the plant's high transpiration rate . 

Citrus and avocados have tender succulent roots so their earthen balls may not be as physically 
stable as those of other plants. Therefore: 
• Never li ft or carry them by grasping the trunk or stake, and 
• Be su re the tree is Jowered into, and correctly set in the planting hole before you slit the poly 

container . 

Water tbe Tree Right After Planting: 

The planting of citrus and avocado trees is different from deciduous trees. Your oew tree has a 
large number of active, working leaves which must be kept well supplied with water at all times 
so as to function and not wilt. Since the hall of the tree contains all of the tree roots it must be 
kept moist to serve as reservoir for the water. When you remove the plastic sleeve from the ball, 
you will find that many of the roots are concentrated at the outside vertical surface. It is . 
therefore, very irnportant that the tree be watered immediately after planting since these surface 
roots will otherwise be unable to function properly . 

Leaye the upper surface of the ball exposed: 

The soil in the ball has been specially formulated -- it contains special nutrients and is designed 
so the ball will readily absorb water that is added directly to its upper surface . 

Specific Plnnting Steps: 

• Dig a hole much wider than the ball of your tree. 18 incites wide is an ideal hole. lf your 
soil is good you need not add any soil amendment to the hole. A void 
adding more than 50% (by volume) commercial compost planting mix . 

• Adjust the depth of the hole so that the upper surface of the tree ball will be 1 inch above the 
surrounding ground when the tree is lowered into it. 

• Lower the tree into the hole, slice the container open vertically on one side, and backftll with 
6" to 8" of loose soi l or soiVcompost mixture to stabilize the tree befare removing the slit 
container. It is important that the rootball is not moved after the container is slit. 



• Pull the plastic tu be container out of the hole and away from the tree to discard it. The poly 
container is not degradable but may be recycled. This willleave the roots exposed on the 
surface of the ball. 

• Gently tamp the loose soil around the baH immediately. Promptly fill the rest of the hole 
with loose soil. gently tamping as you fill. Fill it up to the top, but lea ve the upper surface of 
the origmal ball exposed. 

• It as important that the loose soil you put back in the hole be free of large clods, as tbese do 
not dissolve easily with water and will cause air spaces whach are injurious. 

• The upper surface of the hall is left exposed so that you may add water düectly to the baH, 
even after thc tree is planted. If you cover this surface with anything, do not let it be soil; use 
sand, loose sawdust, coarse gravel, or anything through which water will pass very rapidly. 

• Build a basin with a three foot diameter around the tree, sloping thc bottom of it so that all 
water drains to the exposed surface of the ball. The basin should ha ve a capacity of about 
five gallons. 

• Fill the basin with water once. If it drains rapidly, fill again. If it requires two minutes or 
more to dram, do not refill. 

.. 
~ 

• • • • • • • • • • • • • • • • • • • • • • Refonn the bottom of the basin, as the din in the hole should now have senled somewhat. Be e 
l>ure thatthe top of the ball is still exposed. e 

• • It 1s a good tdea, once the basin has smbilized, to cover the bottom w1th straw, sawdust or e 
sorne other mulching medium. e 

• • If you plan to use drip irrigation, be sure that the emitter is fastened to the exposed hall of the e 
trec with a flU" shaped piece of wire or hook. This prevents the drippcr from creeping away e 
from the root ball as the hose expands and contracts. Check your emitters frequently to see e 
that each tree is getting watered; clogged emitters are a common problem. e 

• Once your tree becomes established and the roots start reaching out into the sur-rounding soil 
(usually about 1 to 2 months after planting), the emitter should be moved away from the top 
of the ball to a distance of about 6" to 8". 

• As the roots el(tend further outward and downward, you will want to add more emitters and 
move them further away from the trunk of the tree. A fully mature citrus or avocado (six 
years old) will often ha ve four to five emitters spaced in a ring around the tree near the drip 
line. 

• Under nonnal circumstances, water the young tree every 5 to lO days for a period of 6 to lO 
weeks. Two to five gallons of water per irrigation will be sufficient provided the ball itself 
receives water each time and remains damp inside. Do not allow the soil ro remain soggy; a 
happy med1um is mandatory. 

• If you plan to plant these trees in areas where trees have died or avocado root rot has 
occurred, chemical control of this disease may be necessary to assist the establishment of the 
trccs. Ridomil® and Aliene® are suitable systemic fungicides registered for use on citrus 
and avocados. 

• • • • • • • • • • • • • • • • • • • • • • 
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Watering: 

Do not allow the hall - ever - to dry out. For instance, avocados are native to areas which, 
unlike California, have almost daily rains during the summer. Their favored soils under these 
conditions are often acid, sandy and weak, characten7.ed hy good interna! drainagc which doe.•m'l 
allow them to remain soggy. Therefore, once your tree has begun to establish a root system, 
keep the soil damp but not soggy. W_ater deeply. We recommend the use of a soil core probe, 
slanted toward the side of the hall so that it penetrates the hall about 12" below the soil surface, 
in order to detennine soil moisture. Apply water according to the needs of the tree . 

The trec may be watered by basin for a full year. Howcver, thc basin should be broken down 
during the wet season if water has any tendency to stand in it. After ayear you should consider 
the use of sprinklers or drippers . 

Warning: Avocado roots are very easily suffocated by excessive water. This problem is most 
severe between planting and the period when the roots reach out into the surrounding soil. This 
means that thc trccs are particularly vulnerable when plantcd in thc fall. Thcrcforc, under no 
circumstances allow water from rains or other sources 10 stand around the tree ball or run over 
the ball for extended periods of time. Such treatment will almost certainly result in rotting roots, 
and probably, in an unsatisfactory tree. lf lhe tree is planted on a slope you may consider placing 
a diverting trough above the tree in such a way asto deflect any water currents away from it 

Mounding: In heavier soils it has been shown to be helpful to plant the trees on 12" to 18" 
mounds s loping to 5' to 8' bases or plant the trees in raised beds. This allows optirnum aeration 
for the root and assures the proper planting height. 

Fertilizatioo: 

During the first two or three years, your tree should be fairly hcavily fertilized so as to make 
maximum early growth. Heavy fenilizer to one person often means entirely something else to 
another, so we suggest that the following rates be used during the pre-bearing years: 

Sprinkle a tablespoon of nitrogen-bearing fertilizer (ammonium ni trate, urea or such) over the 
root area and water it in thoroughly. Repeat every three or four weeks. Take care not to 
concentrate it in onc area. Increase the dosage gradually according to the increasing size of your 
tree. Apply the plant food around the drip Hne, or in the path of irrigation water. 

A fully bearing, average sized citrus or avocado tree (one that has a foliage diameter of about 
15 to 20 feet) is usually fertilized at the rate of 1 to 1 1/2 lbs. of actual nitrogen per year 
(ammonium nitrate is 32% actual nitrogen). This can be taken care of by sprinlding 1 to 1 1/2 
lbs. of dry ammonium ni trate on the ground around and beneath the skirts of the tree two or three 
times ayear. Wash the fertilizer into the ground with a goo<.l soaking (2 inches of water). Early 
~pring, sumrner and fall are good times for fertilizer application, as the roots will be active then . 
Y ou m ay, as a special precaution, add al so, a half pound of Ciba-Geigy 138® iron che late and a 
zinc chelate to the soil at the same time that you are adding the nitrogen. The chelates will 
correct many cases of leaf yellowing. For smaller or dwarf trees fertilizer dosages should be 
reduced proportionally according to the area of tree canopy . 



Frost Protection: 

Young cttrus and avocado trees are very vulnerable to prolonged frost conditions. However, 
there are certain precautions you m ay follow during the first year or so which will often save a 
tree 

Wrap the trunk of your new tree with heavy paper, com stalks or the special thermal wraps. If 
this is done to a point above the bud union, the chances are that you will have a complete budded 
rree when wmter is over even thougb the exposed parts of your tree are lcilled. At the onset of 
spring, you will be able to unwrap the damaged tree and select a shoot or shoots, above the bud 
union, so as to renew your tree. Do not remove dead tree parts until new shoots are growing well. 

An cvcn more cffecti ve insulation to preserve the bud union is a collar filled with sawdust toa 
point 6 to 12 inches above the union. Tbe collar may be S or 6 inches in diameter. It is almost 
impossible to freezc tissue within thls mass of sawdust. 

Foliage is more difficult to save under severe frost conditions. Any wrapping around and 
through it will help. Sometimes bunches of straw are intertwined witll the foliage and matted 
around the branches to serve as an insulatíng mass. A suspended can vas and wood canopy above 
the tree will help. Under very extreme conditions, people have erected tents and placed lighted 
electríc bulbs within the structure. Remember two thiogs: 

• A complete enclosed covering of polyethylene or other non-breathing plastíc is often worse 
than nothing; especially where it touches the tree. 

• Trees do not survive well in darkness. so the tree must be allowed to see sunlight during the 
da y 

All in all, we recommcnd the thermal wraps mentioned first above or the sawdust filled-collar. 

Weeds And Pests: 

Jf you want good growth, it is imperative that weeds are not allowed to develop near your trees. 
Keep the space clean for a full six feet from the base of your tree. Allow no weeds nor grass to 
grow in this aren and apply no systemic weed killers that may be absorbed by the tree roots. 

lnsect pests rarely damage avocado fruit trees. Allow a bit of nibbling. Citrus pests are often 
aggravated by ants. Low branches on citrus trees should be clipped so they do not droop to the 
ground allowing ants access to the tree. If ants can only go up the trunk they can be easily 
controJied and elimmate many pests. 

.. 
·• / • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



' " • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

BroNw Norsery lnc . 

PO. BOX 4818. SAliCOY. CALIFORNIA 93007-<l818. U.S.A 
TEL .805' 647-2262 FAX: (805) 647-6493 

AVOCAOO SOIL ANO WATER REQUIREMENlS 

SOILpH 

It is general! y advisable to plant in soil which is neither too strongly acid or too basic in 
reaction. pH values in the range of 5.5 to 8.0 have been associated with good growth . 
Extreme pH values usually indicate sorne other problem from either toxic núneral or 
deficiency . 

SOIL SALJNITY 

Avocados are fairly sensitive to soluble salts whetherderived from natural sources or dueto 
excess fertilizer. The standard system of testing soils for salinity is known as the saturation 
extract method wherein the conductivity of the saturation extract at 25° is measured in 
m.illimhos per centimeter (Ex X 103). For avocados, this value should never exceed 3.0 and 
should preferably be in the range of 2.0 or lower. Since salts in the soil solution become more 
concentrated as soil moisture is removed by evaporation, or plant consumption, a marginal 
sa.linity level may be quite injurious if soil becomes too dry . 

SODIUM 

This element can be specifically toxic to avocados if present in high proportion to other 
minerals. Evaluation of the sodíum status is usually reported as sodium adsorption ratio 
(SAR) or exchangable sodium percentage (ESP). SAR values should not exceed 5 and ESP 
values should not exceed 6 . 

WATER SALJNITY 

This feature is measured in several ways, one of whlch is conductivity usually expressed as 
micromhos per centimeter (EC X 106) and also as total dissolved solids (TOS) determined by 
an evaporation technique. A rule of thumb to convert from conductivity to total dissolved 
solids is to multiply the conductivity figure by 0.7. There is probably no single maximum 
figure that can be established as a tolerant leve! for avocados since much depends upon the 
composition of the minerals in the water. However, a conductivity in the range of 1,000 to 
1,200 might be considered the upper tolerant range and this would coincide with a TOS of 
700 to 850 ppm . 

SODIUM STATUS OF WATER 

This is usually expressed as SAR which takes into account the proportion of sodium to 
calcium and magnesium. Values in excess of S shouJd be avoided. Ideally, the sodium 
concentration in the water expressed as milliequivalents per liter (meq/1) should not exceed 
3 . 

WATER O ILORIDE CONTENT 



Avocados are quite sensitive to excess chloride particularly under conditions of poor 
irrigation management where excessive drying is permitted. Chloride concentrations in 
excess of 3 milliequivalents per liter (107 ppm) would be oonsidered dangerously túgh. 

WATER BORON CONI"fu~ 

• • • • • • • • • • Avocados are moderately sensitive to excess of boron and roncentrations in excess of 0.7 ppm e 
in the irrigation water wouJd be considered dangerous. • 

• To cvaluatc thc cffed of water, soil and fertilizer practiccs it is hclpful to cany out leaf • 
anal ses for the elements of interest and concern. This fairly critica} method of determining • 

===~what l e plant isC\ctual~ JS commonly used in conunerctal avocade=produ.al4. ~m;:====~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PDTiOPBTHORA DISEASBS 

An Introduction to Avocado Root Rot and Research on lntegrated Approach 
to its Control 

By Michael Coffey, Ph.D . 

Phytophthora cinnamomi is the cause or this eitremely destructive disease of the feeder 
roots of avocado. The infective spore of P. cinnamomi is the zoospore, small motile spores 
which can be moved passively in run-off and irrigation water and remain motile up to 24 
hours. Within about sil bours after contact with avocado feeder roots, zoospores have 
infected, penetrated and killed feeder roots. After root food reserves are used up, 
sporangia can be formed which can proliferate under warm, moíst conditíons producing 
many more zoospores. In addition, soil aJready co.ntaminated with P. cinnamomi contains 
decaying roots wlúch hold mycelium and chlamydospores (thicker walled, surviva1 
spores) and these structures are rughly infective giving rise to sporangia and zoospores . 
Physical movement of wet soil is a oommon method of spread or the disease, both within 
a grove and from property to proper ty . 

P. cinnamomi is known to be parasitic on over 1000 different host plants. including 
ornamentals and many fruit trees. Since P. cinnamomi is widespread in most countries 
where avocados are grown, and as ít can survive in soil apart from a host, there is no 
ornamental planting which does not pose a threat to avocado production . 

An out line ror lntearated Disease Control 

There are five prtncipal factors to consider: 

l . N ursery pr actice 
2. Cultural practice 
3. Oonal rootstocks 
<4 . BiologícaJ control 
~ - Chemical control 

1. Nursery Pract.ice. In California, the avocado certification program outlines 
conditions to minimize the possibility or P. cinnamomi infection of nursery trees but does 
not however. cover P. citricola or other Phytophthora species . 

Nursery practice should include: 
a. The use of steamed or fumigated miles . 
b. The propagation of a11 trees on benches 
c. The provision or adequate drainage within tbe nursery to minimize the ris.k or 

spread of P. cinnamomi . 



d The periodic samp!ing oi tree roots ior P. cinnamomi during the 2-year 
prod uctton period. 

e. The avoidance of the use of fungicides such as RidomifR and AJietteR to prevent 
suppression of P cinnamomi thereby hamperma early detection. 

2 Cultural Practice. Since P. cinnamomi is ravored by wet condítions. irrigation 
and cultural practices should aim to minimize the effects of ercessive watering inc1uding: 

a. Provision of a well dralned soil, especiaUy in heavier soil by planting on mounds 
or ridges. 

b. Proviston of adequate irrigation and correct use of drip irrigation facilities. 

3. Clona! Rootstocts. DeveJopment of clona! rootstock:s Duke 7 , G6 and G7S 
have revolutionited concepts about avocado planting. These rootstocks bave moderated 
field tolerance to P. cínnamomí and therefore require speciaJ care in the provision of 
proper pJanting conditions including well drruned soild and adequate drainage conditions 
(ie pJanting on mouods). 

-4 . Bloloaical and Cultural Control. Some scientists conclude that the main 
effect of biolQiicaJ control is primariJy cultural. by providina a good physica1 and chemical 
environment for root growth. anda generally suppressive biologicaJ soil environment for 
P. cinnamomi. An exciting possibility for the near future may be tbe incorporation of 
specific antagonist1c microbes witb clonaJ rootstocks to reduce root rot in the 
establishment years, possibly in conjuntion witb a fungtcide such as RidomiJR or AlietteR 

5 Cheaical control. There is no good evidence witll avocados that fumigation 
(methyl-bromide, VapamR, or MyloneR) is necessary With the development of chemicals 
such as RidomilR and AlietteR whicb are highly acuve specifically against P. cinnamom.i. 
new possilbllitles of disease control have recenuy emerged. 

Chemtcal control research continues with: 
a. Preventative nursery treatment of ctonaJ rootstoc.k.s at planting time. 
b. Post-plant alternation of AlietteR and RidomiJR for stable disease cont.roJ. 
c. New methods of post-plant treatment mcluding tree injections. 

Summary or disease eontrol The critica! factors for adequate control of avocado root 
rot are the planting of a good clonal rootstock, careful cultural practice and intelligent use 
oC rungicides. This is an integrated control approach and does not rely etcessively on any 
single method for reducing the impact of root rot. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Rootstock 

Toro Canyon 

Duke7 

Thomas 

Borchard 

BarrDukc 

D9 

Dusa (Merensky 2) 

BroM\v Nnrsery lnc . 

PO. BOX 4818, SATICOY CALIFORNIA 93007-0818. U .S.A 
TEL (805) 647-2262 FAX (805 6 4 7 ·6 493 

Avocado Clonal Rootstock Characteristics 

Tolerances/ Advantages SnceptibilitiesJDisadvantages 

root rot, 2 
citricola crown rot, l wet feet 

sal inity , 1 

production, 2 

root rot 3 
citricola crown rot , 2 wet feet 

tree color 
salinity, 2 

production. 1 

root rot, 1 citricola crown rot , ? 
production, 2 salinity 

wet feet 

lime-induced chlorosis root rot 
production, 1 citricola crown rot, ? 

wet feet 

root rot, 2 wet feet 
production, ? 

root rot, 2? wet feet 
small tree size,? 

production, ? 

root rot tolerance, l ? wet feet 
Production, 1? 

•Thc numen cal rating followmg sorne charactcnstics indtcales a rctauve rclationsh1p with other rootstocks so ma.rkcd. 1 is best 

•Quest1on marks are ~umpt1ons ba.:><:d on tnconclusivc, ongoing research . 

•Research summaries are pubhshcd m the Calífom1a Avocado Soc1ety Ycarbooks . 

•No avocado roots tocks are ablc to tolerare prolonged periods of SOJI sa turallon . 

Brokaw Nursery, Inc. 
P.O. Box 4818, Saticoy Ca 93007 

www.brokawnurscry.com 

Phone (805) 647-2262 

Fax (80S) 647-6493 

•~--------------------------------------------------------------------
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BroMw Nnrsery lnc . 
P.O. BOX 4818, SATICOY. CALIFORNIA93007-0818, U.S.A . 

TEL. (805) 647-2262 FAX: (805) 647-6493 

www.brokawnursery .com 

DRY NITROGEN FERTILIZER DOSAGE RA TES 
For Y oung Avocado Orchards 

The following table is a recommended fertilizer rate sheet for hand application of dry 
nitrogen-bearing fertilizer for young avocado trees. It is a kind of compromise between 
conventionally recommended mtes and the dosages we at Brokaw Nursery believe to be 
suitable. Our idea is that copious quantities of fertilizer should be added during the first 
three years for fast tree growth. We believe that in nearly all cases the fourth year will be 
a good bearing year and the dosages will thereafter be more conservative . 

Beginning with the fourth or fifth year you should be guided by leaf analysis rather than 
by a simplified table such as this . 

With this table we are recommending nitrogen rates only and the formulations include 
only two sources of nitrogen. Under special soil conditions you may find it more useful 
to use other nitrogen carriers. Also, you may want to utilize bearers of micro-nutrient 
elements such as Zinc and Iron. All Lhis will depend on your water and soil composiúon . 
All computations assume approx.imately 11 O trees per acre . 

frequency Total Weight/Tree/Year Total Weight/Acre/Year 
Approx. Amount per Tree 

oer Aoo1icetion 
Year of Urea Amm.Nit Ammon Urea 4G% 1 Amr:nonium Application3 N'* 45%N 35%N N'* Urea 

Nitrete or N1trate 

1st t /mo 1/81b 4.4oz 5.7 oz 12.51b 281b 361b 3/4 Tbs. 1 Tbs . 

2nd 6x/~ear 1/4lb 8.9 oz 11.4oz 251b 551b 711 b 3 Tbs . 4 Tbs. 
(Feb, Ap, Jn, 
JI, Aug, Sep) 

3rd 4x/year 1/2lb 18 oz 23 oz 50 lb 11 1 1 b 1431b .6 cups or .8 cups or 
( Feb, Mel) , 9.5 Tbs. 12 Tbs . 
July, Sept) 

4th 2x/yeer l/21b 18 02 23 02 SO lb 111 lb 1431b 1.3 cups 1.6 cups 
(Feb, June) 

*N signifies elemental Nitrogen 

Be sure that you add the fertilizers with sufficient water to dilute them. Place them in 
areas where they will soon be carried into the soil by rain or irrigation water. When the 
water is spread over a large area such as by rain or by sprinklcrs, broadcast the material 
o ver the root zone so that it is nm concentrated in one spot. 
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Avocado Tree Physiology- Understanding the Basis of 
Productivity 

New Project: Year 1 of5 

Primary Researchers: R. L. Heath, M. L. Arpaw 
University ofCalifomia 

Dept. of Botany and Plant Sciences 
University of Califomia 

Riverside, CA 92521 
Phone: 909-787-5925 (RLH); 559-646-6561 (MLA} 
FAX: 909-787-4437 (RLH); 559-646-6593 (MLA) 
e-mail: heath@cífnts.ucr.edu: arpaía@uckac.edu 

BeoefiC3 Co t.be lndustry 

A grower' s margin of profit is the di.fference between tbe input costs to produce a marketable crop and the output, or 
tbe production itself. Arty influence tbat affects one or both of these two items can make the difference betweeo 
profit and loss. The management of the avocado tree under southem California conditions, whicb can experience 
rapid changes in temperature and relative hwnidity, provides a challenge under tbe best of conditions. 'Hass' 
productivity in California tends to be less Iban in other countries such as Mexico, Chile, New Zealand and South 
Africa where environmental condítions are less stressful Addítíonally, increasjng market competition from other 
countries is pressuring the California grower to become increasíngly íngenious in orchard managemeot practices so 
that profits can be made. . These practices ínclude cbanges in how irrígation of orchards and management of tree 
siz.e. Increasing ournbers of growers are pruning older lrees or considering high-density plantings. Canopy 
rnanagement strategies hinge on effecti ve 1 ight management lo in crease frui t síze and production. Unfortunately, the 
scieoce behind tbe curren! strategies used to manage tree canopies and tree water status are poorly understood. We 
do oot understaod how the 'Hass' avocado responds to eíther ligbt or water stress. This project wiU examine in 
detail tbe response of the avocado teaf to light, temperature, and changes in light and temperature according 10 

carl>on assimilation (v.bjch fuels both tree aod fruit growtb) and chaoges io evaporative demand (which govems the 
amount of water the tree requires). The outoome of this project will be a better understancting of the tree's response 
10 environmental stress. This in tum will allow us to develop a canopy model of total carbon assimilarion that will 
predíct the effects of changes in relative humidity and temperatute upon the assimilation. This research will provide 
the framework for pre<licting tree and canopy management strategies to optímize productivity . 

Project Objectives: 

l. An understancting of the effects of environmeotal variables (light.. temperature, and relat:ive humictity) on avocado 
leaf gas-exchange and carbon assimilation, esseotial for plant growtb and fruit producúon . 

2. An understanding of the developrnental physiology of avocado Jeaves and how this relates to canopy 
managemeot. In particular how many layers of Jeaves within the canopy witt suppor1 a positive carbon 
balance to the plant and how the duration of light flecks through the canopy can induce a positive carbon 
balance . 

3. Development of a model of carbon assimilation aod allocation in avocado tbat will allow growers to make 
informed decisions on horticultura! pracrices and will aid researchers in developing future research 
endeavors . 
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Summary 

Assimilation as Afl'eded by Relative Humidity 

This year our work centered upon air relative humidity and how changes in it could alter efficient photosynthesis . 
When the humidity is very low, rnuch more water evaporates out of tbe leaf through the stomata (transpirarion) . 
Under the best of conditions water from tbe soil flows through lhe xylem and wall spaces of cells to replace this lost 
water by transpiration. Unfortunately, often soil water potential1 is low and that soil's water cannot replace the J ~..~ ... ., 
transpirational loss. Funbermore, resistance to flow within thc tree through the xylem system causes a del~ 
water movement, and thus the water lost through transpiration cannot be replaced rapidly enough to maintain the 
water potential of the leaf. The leaf"s water potential govems lhe stomata gas conductance2 aod many metabolic 
processes so it is critica! for the leaf to keep the potential as high as possible. Jt..i~ our hypothesis that the avocado 
leaf can support sorne transpirarion loss but as the relarivity hurnidity fall("~ee (and the soil) cannot supply 
enougb water and tbe water potential of the ·leaf fal ls. The immediate-consequence is that the stoma1a clase to 
prevent the b.igb transpirational loss. Stomata clo'sure will Jimit C02 entry, wh.ich is tbe critical metabolite of 
photosyn~esis. These relationships are shown in the next two figures. --. -

Figure 1 shows 1he water potential of a leaf, when it is held Wlder a constant transpiration stream held for eilher 1 or 
3 hours in cotton. A.fter one hour the minimum leaf water potential is about -520,000 Pascals (about- 5 bars). E ven 
for relatively high transpiration (1.5 m.mollm2 sec) under these conditions, the water delivery system can maintain 
the water potential at a reasonable level. However after 3 hours of tbe high transpiration, the water delivery system 
(from soil tluough the xylem system) begins to faiJ aod the leaf water potential begins to decline (reaching nearly - 8 
bars). Long-term transpirat.ioo shows the limitations of the system and tbe level of the water potential reacbes a 
critica] state . 

The actual dependence of the leaf stom.atal conductanc:e upon the leaf water potencial is shown in Figure 2 for 
Oleander. There seems to be a threshold from O to about - 6 bars where the conductance remains high. After the 
leaf falls below th.is threshol<l the stomata begin to close reaching only 1 O% of full opening al - 18 bars (generally, 
marked as a wilted leaf). This is true for many other plants but the actual levels of threshold and arnount of 
conductaoce will vary with species. We don't yet have good numbers for these types of measurements for avocado . 

Of course, the stomatal conductanc:e3 (or aperture) directly affects the photosyJJthetic productivity since the 
movement of carbon dioxide into the leafis directly proportional to the stomatal conductivity as: 

Assim.ilation = conductance x (difference in C~ from outside 10 the inside) 

The amount of light, which is absorbed and converted into energy to drive photosynthesis, alters the C~ leve! 
inside the leaf and so affects assimilation, but, with al! else being equal, the conductance directly affects the 
ass1milarion rate . 

Leaf Cbamber System 

Our leaf cbamber system functions by measuring the photosynthetic responses of discs cut from fully expanded 
leaves. Water surrounds the cut edge of the Ieaf to provide hlgh water potential such Lhat the leaf should suffer only 
minimum water potential deficits. These measurements should indicate the maximum efficiency of photosynthesis 
wben water poten tia! is near maximum. 

Using lhe continuous monitoring capability of the leaf chamber, we have been studying the time course for parrial 
cJosure ofthe stomata. We have changed the maintenance of our trees from which we collect the leaves for the leaf 
chamber experiments. These data were taken from leaves from small trees kept within green houses (with 

1 The concept ofwater potential is a powerful one in plant physiology since it defines the driving force behind water 
movement. Water potential is a measure of energy with pure liquid water defí.ned as O bars or Pascals. Nearly 
anything done to water (evaporation o.r the addition ofsalts) willlowe.r the water poteotial so that typically soiJs are 
-3 bars or for very dry soil, -25 bars. Tbis means that water will tend to flow into that soil and the plant must 
eXJ)end considerable energy 10 extract water from that soil. 
2 Stomatal conductance is a measure of the tlow of gases tluough the stomata and is general! y in units of moles of 
the gas flowing through a square meter of leaf surface per second. Conductance is low when the Sto mata are 
~artially closed and when they are fully open, conductance is maximum. 

Often stomatal conductance is abbreviated as g. . 
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controlled temperature and no injury nor pests). These leaves had stomata conductance and assimilation rates as 
indicated in Table l. .Before tbe ligbt illuminates the Jeaves to drive pbotosyntbesis, respiration can be measured 
(expressed as a negative number in Table 1). Both the respiration and assimilation are reasonable cornpared with 
other tree crops. Thc stomata are not completely closed even after long periods of darkness, wlúch allows the 
determirultion of respiration by measuring the amount of col released into the gas stream surrounding the leaf disc . 
We expected to be able to see a difference between younger and older leaves, but the data scatter and the apparent 
small differences made it impossible to statistically demonstrate any dissimilarity (see Table 1 Section B). 

Within the leaf cbamber a low relativity bumidity rarely affects tbe stomatal conductance. Once conductance 
reacbes a steady state leve!, it rema.ins at that leve! for hours (see Table 2). The conductance rarely declines, even 
when the relative humidity of the air strearn is lowered from the normal of 3?0/o toa very dry 14%. On the other 
hand the ternperature of the leaf rarely rises above 25 C, \\bicb is unliJce a warm summer day where the air 
telJl)CI'ature can easily reach 35 e (95 F). So though the relative bumidity is very low, the water vapor gradient 
from the leafto the air is small because the temperature is low

4 
. 

These are not unexpected results, as water should rarely become a problem in this system. The cells within the leaf 
disc are not very far from a so urce of water at the cut edge, and so tbe leaf water potential should not fati lo a low 
value . 

U¡bt lntensity 

Light i.ntensity is critica! for high levels of photosyntbesis to provide metabolites (initially carbobydrates) to tbe 
plant and developing fruit. We suspected that in avocado the ligbt dependence of photosynthesis was lower, but 
needed to demonstrate il 

The methodology to probe photosynthetic light dependence was made available using the leaf chamber. After the 
leaf within the chamber reached a steady state level of gas excbange after about 50 -60 minutes', the light iotensity 
was decreased with neutral density fílters6

. Each leve! of intensity was held for about 5 minutes, which is long 
enough such tbat tbe assimilation rate can be accurately measured yet sbon enough to preveot the stomata from 
closing to limit C02 excbange. A typical curve is sbown in Figure 3A. This cycle can be repeated if the ligbt 
intensity is returned to 100% for about 45 minutes in order for the steady state of assimilation to be re-established. 
Typical curves for young and old leaves are shov.-n jn figure 3B. Interestingly the rnaximum assimilation (A"'.J is 
higher for the younger leaf, wbile the half-saturatioa (K1) is Joy,-er . 

These data are taken under conditions where the stomata do not limit C02 excbange. These are the rnaximum 
exnapolated values for photosynthetic assimilation and rnay not be reacbed when tbe stomatallimitation is factored 
in. In fact, under our conditions after the light ílluminates the leaf disc, the assírnilarion rate tracks the opening of 
the stornata, and under most conditions the stomata remain the limiting step for assimrlation. Tbis may explain why 
we did not see any statisrical difference in stomatal conductance between younger and older leaves when the leaf 
disc was under b.igb light (see the last section). The stomata conductance was altering the possible higher 
photosynthetic rate and thus both types ofleaves responded similarly . 

ReJative HumidHy 

We bave had considerable success in our measurements of stomatal conductance of leaves which remain on trees 
kept in the growtb chambers (where tbe relative hurnidity can be precisely controlled). We measure tbe conductance 
on a series of leaves in the morning and in the late aftemoon. After examination of the data, we found lhat 
relationships are more easily seen if we examine the change or difference in the conductance from the aftemoon to 
tbe morning, as {g.-PM} - {g.-AM} as 11g. This difference is correlated to tbe conductaoce in the rnoming. lf tbe 
morning conductance is high, the subsequent water loss generally leads to a closure of the stomata and so the 

~ The amount of water vapor that the air can contain rises exponentially with air temperature and so a low relative 
humidity at high temperature places a much greater force to remove water from the leaf than the same relative 
humidity at a lower temperature. 
' Under tbese conditions the assimilation rate js often limited by stomatal conductance and, more importantly, any 
decline in light intensity will be ultimately balanced by a partía! closure of the stomata to re-establisb that balance . 
6 Neutral density ñlters are constructed such that the light quality or dependence upon wavelength or color of light 
is not altered as the intensity is uniformly decreased. The intensity of the light was lowered but the general color of 
tbe Jight was not altered . 
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aftemoon conductance is quite a bit lower. However, if tbe moming conduc1ance is low, tbe lower water loss leads 
10 maintenance or even an increase of the conductance in the aftemoon. Typical data are plotled in Figure 4. The 
relationship described above seems to hold very well for the varied experiments 

We bave developed a model for this and are currently validating it (see Figure 5). More importandy, one would 
predict that a higher water loss (thar is, for a given oooductanee, a Joy,-er relative humidity of the ambient air) would 
lead to a Jower conductance m the aftemoon, Ythicb v.ould increase the slope of the lines in F~ 4. The 
parameters presented above are the least squares regression ofthe lines7 

tn Figure 4. Generally these are for 12-)8 
leaves io each tria! In mos1 case, the coostaot of the regressioo declines shghtly, while the slope increases up 10 
nearly two-fold. This means that for a drier atmosphere in the aftemoon, thc conductancc (compared with the 
moming value) falls further titan for a wetter atmosphere,leOOing toa larger impainnent of the assimilation capacity 
of the leaf. Sinoe it appears that assimilatioo is ümited by the stomatal conductance under moS1 cases, a drier 
atmosphere in the aftemoon would bave striling effect oo productiVIty 

Otber AJUs 

We are beginning the work that will allow us to measure totallcaf conductancc of a branch. We havo purchased and 
are using on trecs in grecn houses a sap flow monjtoring system. lt is a highly sophisticated system, whjch requires 
a great deal of understanding to make it work properly. Yet the data thus far gathered suggests that this 
measurement of sap flow will allow us to teS1 our concepts in the field with changes in relative hwnidity induced by 
spraying water into the air around trees. The data will be incorporated into a model that will allow us to predict 
what we expect the stomata to be doing from simple núcrometerological d~ such as air temperature, relative 
humidity, light intensity and wind speed. Once we can predict stomatal conductance, we should be able to predict 
photosynthetic assimilation and productivity. · 

Referenees 

BWlce, J A. (1978) E.ffects ojShoot Environment on Apparent Root Resistance to Water Flow m Whole &ybean and 
Cottom Plants. Joumal ofExperimental Botany, 29: 595-601. 

Brinckmann, .E .• et al., Effects oj A tmospheric and Soil Drought on l.Mj Water Status and StomaJal Response. pp 
135-140. Cram. WJ, K Janácek, R Rybová, K Siglerf502.], 1984 . 

1 Regresston is for: [ {g.-PM} - g.-AM] = constant + slope x {g.-AM}. as 1s plotted in Figure 3 . 
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Table 1 Part A. The Response of Gas Exchange to Uhunination. The data were collected in the Leaf Chamber, 
before and after the 1eaf disc was illuminated by 1550 ~ole light/m2 sec (about% of sunlight). The assimi1ation 
before illuminanon was actually a measure of respiration. The data are for a total of 5 o1der 1eaves and 6 younger 
1eaves . 

Average 
Std. Oev. 

No Light (Respiration) 
Conductance 
(mmol!m2 sec) 

7.13 
8.88 

Light (Steady Photosyntbesis) 
Conductance AssUnilation 

(mmoVm2 sec) Vm2 sec 
15.43 1.43 
4.52 0.58 

Part B. The Response of Gas Exchange to Illumination for 01der and Younger Leaves. The data were 
collected as above, but the analysis was on the basis of younger (but fully expanded) and o1der leaves, as judged by 
lhe collector of the lea ves. There is no difference (to within 5%) by lhe Student t-test of older and younger leaves, 
in respiration or photosynthesis . 

No Light (Respiration) Light (Steady Photosynthesis) 

Conductance Conductance 
(mmollm2sec) (mmol/m2 sec 

01der Leaves 

Average 2.92 -0.02 16.04 1.69 
Std. Dev. 2.12 0.31 3.41 0.61 

Youocer Leave.s: 

Average 9.93 -0.20 14.93 1.21 

Std. Dev. 10.43 0. 12 5.22 0.46 

Table 2. The Stability of Leaf Discs to Longer Periods of llluminarion under Varied Relative Humidity. Data 
were collected as described in the text and in Table l. These data are for leaves tbat had reached a constant 
transpiration and were exposed to 1ight for 3 more hours, with relarive hunúdity eitber at 370AI (no change) or 
dropped to 14% (indicated as shift in relarive humidity). There was no change in eilher the conductance or in the 
assimi1ation observed from the rate data througbout the test or as tested by Students t-test to 5% significance . 

Average 
Std. Dev. 

No change in re1ative humidity 
Conductance Assimilation 

(mmo1/m2 sec) 11m2 sec 
14.9 1.32 
4.8 0.75 

Table 3: Dependence of assimi1ation rate upon the light intensity. The experiments were performed as described 
in the text and Figure 3, where the stomata were not limiting. The assimilation-in1ensity relation was used to 
determine the kinetic parameters, in \\hlch: assimilarion rate followed Michaelis-Menten Kinetics or rate = 
maximum assimilation x intensity 1 (intensity + half-saturation_intensity) . 

Leaf 

Yo1.11g 
O Id 

Maximum Assimilation 
(umol!n? sec) 

2.07:!: 0.17 

1.70 .::!: 0.59 

75 

Half-Saturation Intensity 
(¡.uno les of photons /m2 se e) 

270:!: 20 

560 ± 160 
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Figure l. Cbanges in the leafwater potential with varied 
amount of transpirarional water loss. (shown to tbe right) 

The data are taken from Bunce (1979) for cotton. The 
stomatal conductance is roeasured for the plant as 
transpiration rate, which is the actual amount of water 
being lost by the plant. The leaf water potential is then 
measured for each rate. There are nm experiments here: 
open circles, 1 hour after transpiration is constant and 
darkened square, 3 hours after tbe indicated transpiration 
nas been constant. 

Figu re 2. Dependence ofLeafStomatal Conductance 
Upon thc LeafWater Potential. (shown to the right) 

Data are taken from Brinckmann et al., 1984, for Nerium 
oleonder. The leaf water potential was altered by allowing 
the soil to dry out oaturally over 7 to 8 days. The water 
vapor deficit gradient (dependent upon the relative 
bumidity of the air) was held constant at 1 O mBar 1 Bar air 
pressure during the measurement of tbe leaf conductance . 

Figure 3. Typical Experiment for the Determination of the 
Assirnilation Dependence upon Light Intensity . 

After steady state was reached (under full illumination, 
generally about 1500 ¡t.Einsteinslm2 sec of white light, from a 
tw1gsten filament source), neutral density fLiters were placed i.n 
the ligltt path as indicated on the right hand figure [at the top 
figure]. These values are in optical cJeru¡ity (OD) and are 
converted to intensity (% of fuiJ) by 1 o.oo. Tbe .figure below 
shows the conve.rted assimilation and intensity relationship for 
younger and older 
lea ves. 
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Figure 4. Part A. Conductance Changes Between Moming (AM) aod Aftemoon (PM) lnduced by Relative 
Hwnidity of Chamber . 

The conductance was measured using the LICOR 1600 Porometer in the mommg or in the aftemoon over a 2 hour 
period Between the measurements Gust before noon) the relanve humidity within the Growth Chamber was either 
not changed (mommg RH was about 45%) or lowered to approlcimately 200/o. This plot emphasizes the change in 
tbe conductao~ in the af\emoon by subtraeting the moming conductance from tt. This is a typical curve found 
during one week experiment. The slopes of the line are indicative of how greatly the aflemoon oonductance 
depends on the moming conductance . 
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The expenments were done as above. Fifteen weeks of measwements on 8 different trees genera!Jy gave 
the results as above, but experimental scatter makes it difficult to express. Here we too k averages for each week for 
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gy-eater Wlder a shift in RH from AM to PM 
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Figure 5. .Model of water flow . 

, ---~=-1 
A model of water flow in Avocado was constructed IJl which 
the conductance was govemed by a curve that looked mucb 
like the one of Figure 2 Md is shown to the right. Tbe loss of 
wa1er was calculated over a 4-llour period (from oooo to 4 
PM) with a restStance to water flow from the soil was 
mtegrated 11110 the total water p1cture (called xylem flow). lf 
the so1l and xylem couldn't deliver the water to the leaf, the 
leaf"s water poteol'lal ~uld fati and that ~uld change the 
conductance of the leaf (and thus slow water loss). lmportant 
m this model is that the lowering of the conductance will 
lower assiltlllation aod productivity. The curves for the 
change of conductance from momi.ng to aftemoon are shown 
for the final PM relative humidity (left side, below) and 
xylem "resistance" to water flow (right si de, below) . 
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AVOCADO TREE PHYSIOLOGY- UNDERSTANDING THE BASIS OF 

PRODUCTIVITY 

New Project: Year 2 oj 5 

Primary Researclrers: R. L. Heath, M. /,. Arpara 

Cooperotor: Michae/ V. Mickelbart• 

University ofCalifom1a 
Dept. of Botany and Plant Sciences 

University of Califom.ia 
Riverside, CA 92521 

• (MVM) Soil, Plant & Ecological Sciences Division 

P.O. Box 84, Lincoln University 

Canterbury, New Zealand 

Pbone: 909-787-5925 (RLH); 559-646-6561 (MLA), 64-3-325-281 1 ext 8202 (MVM) 

f AX: 909-787-4437 (RLH); 559-646-6593 (MLA), 64-3-325-3843 (MV M) 

E-matl· heath@Citrus.ucr.edu; arpaia@uckac edu. rruckelbm@hncoln.ac.nz 

Benefits to the lndustry 

A grower' s margin of profit is the difference between the input costs to produce a marketable 
crop and the output. or the production itself. Any jnfluence that affects one or both of these two 
items can make the difference between profit and loss. The managemeot of the avocado tree 
under southem California conditions, which can experience rapid changes in temperature and 
relativo bumidity, provides a challenge under the best of conditions. ' Hass' productivity in 
Califomia tend.s to be less than in other countries sucb as Mexico, Chile, New Zealand and Soutb 
Africa where environmental conditions are less stressful. Additionally, increasing market 
competition from other countries is pressuring the Califomia grower to become increasingly 
ingenious iu orchard managemeut practices so that profits can be made. . Tbese practices 
include changes in how irrigation of orchards and management of tree size. Jncreasing numbers 
of growers are pru.ning older trees or considering high-density plantings. Canopy management 
strategíes hinge on effective light management to increase fruit size and production . 
Unfortunately, the scieoce bebjnd the current strategies used to manage tree canopies and tree 
water status are poorly understood. We do not understand how the 'Hass' avocado responds to 
either light or water stress. This project will examine in detail the response of the avocado leaf 
to light, temperature, and changes in light and temperature according to carbon assimílation 
(wllich fuels both tree and fruit growth) and changes in evaporative demand (which govems tbe 
amount of water the tree requires ). The outcome of this project wiU be a better understanding of 
the tree's response to environmental stress. This in turn wiJI allow us to develop a canopy model 
of total carbon assimilation that will pred.ict the effects of cbanges in relative humidity and 
temperature u pon tbe assimilation. This researcb will pro vide the framework for pred.icting tree 
and canopy management strategies to optimize productivity . 
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Project Objectives: 
l . An understanding of the effects of environmental variables (ligbt, temperature, and relative 
humidity) on avocado Jeaf gas-excbange and carbon assimilation, essential for plant growth and 
fruit production . 
2. An Widerstanding of the developmental physiology of avocado leaves and how this relates to 
canopy managemeot. In particular how many layers of leaves within the canopy will support a 
positive carboo balance to tbe plant and how the duration of light flecks througb tbe canopy can 
induce a positive carbon balance . 
3. Development of a model of carboo assimilation and allocation in avocado that will allow 
growers to malee infonned decisions on horticultura! practices and will aid researcbers in 
developing future research endeavors . 

Summary oftbis Year's Progress 

• ABA-induced responses seem to be normal within the avocado, which indicates that if 
water stress induced ABA witbin tbe root, the conductance of stomata will be influenced 
and made lower . 

• The high evaporative demaod induced by high temperature closes the stomata routioely 
in the aftemoon similar to a shift of relative humidity to a lower val u e. The conductance 
in tbe morning influences greatly the change in the conductance in the aftemoon . --- . . . 

• Assimilation is highest from 20-24 C and then declines nearly 80% (from 7 to 1 
~oles/m2 sec, at medium light levels) as the air temperature rises to 38C. Concurrent 
with tbe fall in assimilation, the respiration of the leaf rises nearly 5-fold (from 02 to l . 1 
J.11DOies/m2 sec) over the same temperature range. Tbe stomatal response witb 
temperature indicates that it remains the major control of assimilation under relatively 
high light. 

• A series of experiments indicate that the LiCOR porometer measurement does not take 
into accouot conductance ofwater vapor througb the boundary !ayer, which seems to be 
limiting for the large avocado leaf at the low wind velocity . 

• Wind (6 mph) increases the s.apjlpw (and so the trauspiration) by 31% within a green 
house. Ifthe assiml!i'tioo (limited by the conductance) is increased by the same amount 
by raisiñg i~dafY layer conduction, tben the productivity would in crease by 31% 
over midday . 

• While the light reflectance of a leaf is slighlly different from the top and bottom surfaces 
(from 400 to 1100 nm) and also differs for varied ages of leaves, the differences is only 
about 10-15%ofthe total . 

• During the day onJy a smalJ change in the sap flow betwecn ~ and w~anch is 
found (about 1 0-15%). The environmental data suggests that difTuse Ligbt (that tigbt 
which is reflected and scattered from the environment and tree) is nearly as good at 
supporting pbotosynthesis as direct light in Avocado . 
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Details 
Leaf Chamber System 

The production of avocado fruit is the raison d'étre of growers; increased and more efficient 
fruit production begins with the ability ofthe plant to assimilate carbon through a process called 
pbotosynthesis. The source of carbon comes from the atmosphere as gaseous carbon dioxide 
(C~). Once it is converted into a stable compound (e.g. carbohydrates), the movement and 
arrangement of carbon can vary, but for efficient productivity, should be directed into the 
production and growtb of fruit. Carbon dioxide enters the leaf thTough the stomata, which are 
analogous to tiny pores that bave the ability to open and close in response to ligbt and water 
stress among other factors. For efficient carbon assimilation the stomata must remain fully open 
during tlle day so that pbotosynthetic conversion of co2 is maximized at the prevailing light 
level ~ open stomata have maximwn gas conductance, governing the speed of tbe gas movement1 

• 

However, since the stomata also control water loss from the plant, open stomata can lead to 
excessive water loss tbat js, unfortunately, hannfuJ to the plant, especially when soil water is 
limiting. Stomatal physiology is set sucb that water loss is minimized under most water stress 
conditions, often at tbe expense of carbon assimilation. We wish to uoderstand the mecbanisms 
that control tbe stomata, a sophisticated control system to balance water loss and assimilation- a 
nonnal balance designed to maintain the well being of the plant, but not necessarily to maximize 
fruit production . 

In soutbem California during tbe spring and summer montbs which are critica! for fruit set and 
growtb, rapid shifts to high temperatures and low relative humidity can occur. This can result in 
stomata closure early in tbe day thereby potentially limiting carboo assimilation and ultimately 
fruit production. This cause and effect is made worse wben the relative bumidity changes from 
relatively blgb (50%) in the moming to very low (<10%) in the afternoon, dueto Santa Ana 
winds, which bring about rapid warming of tbe air mass around the canopy with concurren U y 
lower relative humidity. It is our beliefthat higb temperatures in the afternoon al so detrimentally 
affect net assimilation and fruit production. Certainly, as the temperature increases, the relative 
humidity declines driving an increased water loss from the leaf. This water loss will ultimately 
cause the closure of the stomata, leading to an assimilation fall. Results from the first year of 
this project bave suggested that another process, respiratioo, (a process that maintains the leaf by 
burning stored carbon and releasing CÜ2) may be in operation. It has been shown in many plants 
that at bigber temperatures tbe respiration of the leaf in creases m u eh more rapidly than does 
assimilation. Tbus, respiration decreases the amount of fixed carbon (both as a percentage and 
absolute amount) available for translocation to the fruit, whicb could impact both frujt set and 
.frujt growtll . We bave leamed that although relative humidity is important, air temperature, as it 
controls the leaf temperature, m ay be even more importan t. 

lo 200 l - 2002 we began a collaborative effort to examine the effects of various environmental 
conditions and cultural practices on avocado leaf photosynthesis. The goal of this research is to 
determine how environmeotal factors such as ligbt and relative humidity affect pbotosynthesis so 

1 lb e nomenclature is photosynthesis., pbotosynthetic C0 2 fix.ation, and ( carbon) ass1milauon are the same and 
equal to tbe rate of or amount per unit time of carbon dioxide wbicb as cooverted mto carbohydrate ( of aU kinds) oo 
the besis of leaf area. Translocation is the amount of carbohydrate moved out of the leaf to some other part of tbe 
pla.nt. Transpirauon JS the rate of water loss out of !he leaf and is govemed by the opening of the stomata in leaf, 
whích 1s relatcd to thc conductance of water through the stomata . 
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that growers and researchers alike can understand bow orchard management decisions uJtimately 
influence productivity. This year (2002-2003) we are continuing and expanding tbose finding to 
begin to generate a good model of how to manage the avocado trees . 

Individual Leaf 

Our lab has a leaf chamber system in which a leaf disk can be exposed to a mixture of gases that 
can be rapidly changed within tens of seconds. Rates of carbon assimilation ( uptake of COz) and 
transpiration (production of water vapor by evaporation within the leaf) can be measured with 
two In.fra-Red Gas Analyzers (IRGA). The monitoring of these important components of the gas 
stream and the leaf is carried out simultaneously with gas exchange alterations and give a good 
measure of C02 assimilation and stomata conductance. The cut edge of the Ieaf disk is sealed in 
a separate compartment through which flows a water solution. Thus, the water potential ofthe 
Jeaf is maximized since the cells are no further than 3 cm from plentiful water supply . 

We proposed, using this equipment with 'Hass' avocado leaves, to examine the temperature 
dependence ofboth respiration (tJ1e rate ofC02 production in the dark) and pho1osynthesis . 
Unfonunately we had problems with temperature changes between the production ofthe relative 
hwnidity, the chamber and the measuring system. Tbe lower room temperature induces a 
lowering of the higher air temperatures, which does not hann our measurements as we monitor 
air temperature carefully. However, tbe temperature change from the chamber to tbe IRGA 
monitors is very detrimental as the measurement of the water vapor and C02 depend absolutely 
upon the temperature in the monitor, which we can't detennine. We suspected that this would be 
a problem and we are trying on more modification to change the leaf temperature wíthout 
generating artifacts of temperature changes. The technological problems madc it impossible to 
perform the experiments we wíshed to, but we detennined the temperature depeudence of 
assimilation and respiration using fue growth chambers and smaU trees (see later section) . 

On another note, conductance of leaves can be changed by exposure of the cells to abscisic acid 
(ABA). This phytohormone is produced when the tissue water potential drops toa low value due 
toa loss ofwater from the tissue; ABA is the signal to the stomata to close and soto conserve 
water. Typically the roots produce ABA dueto the depletion of water witllin tJ1e soil; the ABA 
lhen flows to tJ1e leafvia the transpiration stream. To ascertain tbat the avocado stomata 
responded nonnally toABA, we infiltrated the leafwitb ABA (at 20-50 J1M) in fue water 
solution batbing the cut edges of an avocado leaf (Figure l ). ABA caused a drop in the 
conductance within 5-l O minutes and assimilation followed tl1at drop, again demonstrating that 
the assimilation under these conditions was govemed by the conductance (a finding of last year) . 
The ABA infíltration was stopped after an hour (when the conductance decline leveled off), but 
the leaf did not recover since ilie ABA was still with.in the Jeaf. It generally requires an bour or 
two to metabolize the ABA to a form that it does not trigger the closure response; we are 
investigating that. Thus, ABA-induced responses seem to be normal within the avocado, whicb 
in di cates that if water stress induced ABA with.in the root, the conductance of stomata will be 
influenced and made Jower. This is not especially surprising but it is important to demonstrate 
that our thoughts about avocado's pbysiology are correct. 

Growth Chamber 

Our large growth chamber. whicb has good temperature and bumidity control, can hold about 4 
small trees. While the light intensity is lower than full sunlight, this chamber can be used to shift 
the relative bumidity and temperature ofthe air rapidly. We are currently nmning experiments in 
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wbich the air temperature was shifted toa higber level in the afternoon (much like an afternoon 
l.n southern California), but it required sorne work to settle on a temperature/humidity protocol 
that yielded a reproducible closure in the aftemoon. In later experiments we maintained the 
relative humidity while shifting the temperature. The evaporative demand (which is linked to tl1e 
actual water vapor pressure in the air and drives water loss from the leaf) is Jinked to both 
relative humidity and air temperature, but shifts upwards with a simple air temperature change . 
We are still evaluating the data but it appears that the cwves Jook similar to those reported last 

'lyear. Tbus far, it appears that the high evaporative demand produced by high air temperature 
closes the stomata routinely in the aftemoon similar toa shift toa low relative humidity . 
InterestingJy, the conductance in the moming greatly influences the change in the conductance iD 
the aftemoon. Low conductance in the moming gives rise to a very small amount of lowering in 
the aftemoon, wbile a high conductance in the moming gives rise toa very large amount of 
lowering of conductance in the aftemoon. The high rate of water loss in tbe morning makes it 
critical tbat the stomata el ose in the aftemoon. As we discussed last year, tbe concept of a "set
point" for the optimaJ stomata conductance seems to be the best way to think of bow the stomata 
change. Unfortunately for ease of prediction, the water loss of the day before seems to influence 
the current day's response. We have no clem- picture ofhow to understand this yet. 

We decided to cbange how we were measuring the leaves' responses and began to use a LICOR 
6200 system, which measures both assí.milation and conductance, in the growth cbambers. The 
machine is larger and harder to use in tbe cbambers but it gave us the opportuuity to detennine 
how assimilation (measured by COz uptake in the light) and respiration (measured by COz 
release or "negative assimilation" in a dark period) operated at varied temperatures. These data 
allowed us to by-pass tbe problems that we face with the individual leaf chamber and allow us to 
develop a relationstúp of cbamber temperature verses respiration (COz use in the dark, obtained 
by covering the leaf for a few minutes) and pbotosyntbesis (the assimilation). Since we also 
measured the stomata conductance by changes in relative bumidity, we developed a relation of 
temperature and conductance. These measurements are shown for a typical run in Figure 2. The 
protocol ofhow the experiment was done is sbown at the bottom of tbe figure. It required about 
an hour to develop a stable temperature in the growth chamber (after a shift), whicb is about the 
same time required for stomata to change conductance toa stable value (see last year's report) . 
We tben spent about 15 minutes setting up the system to tak.e the assimilation ( or photosynthesis) 
measurements. A black cloth was draped over the leaf and Licor 6200 and after several minutes, 
respiration measurements were taken. This was repeated for about 3-4 leaves on 3 branches . 
Experiments were performed with an increase in chamber temperature over a day and with a 
decrease in temperature over a da y. While there is variation from day to day and leaf to leaf, tbe 
general observation shown in the figure hold true for both an increasiog and a decreasing air in 
chamber temperature. Assimi1ation is higbest from 20-24 C and tllen declines up to 38C (our 
last temperature). It is noted bere that that decline is nearly 80% (from 7 to 1 ).Ulloles/m2 sec) . 
Conctlll'ent with the fall in assimilation, the respiration of the leaf rises nearly 5-fold (from 0.2 to 
1.1 JUDOles/m2 sec ). lndeed, at the highest temperature measured here, the respiration rate is 
nearly that ofthe assimilation rate2• There are two points about the stomata conductance: [1] it 

2 There is sorne question ofhow to express this beca use respiratioo is occurring during the assimilation 
measuremeot For this particular grapb, at 24 C pbotosynthesis is actual! y measured assimilation + respiration or 
(6.8 + 3.0) = 9.8 f..Ul10ieslm2 sec while at 38 C photosynd:tesis is actual ly (1.3 +1.1) = 2.4 ¡unoles/m2 sec ora decline 
&-om the maxímum of 1 - (2.4 /9.8) = 75.5%. 



• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Heath, Arpaia, Mickelban Avocado tree pbysiology page6 

does not change by mucb (generally about 3-6%) in our sbon dark period and [2] it appears to be 
stilllimitiog the photosynthesis as we have observed before (a plot of assimilation verses 
conductance is nearly linear). We bave not completed all the evaluatioos for all the experirnents, 
but poiot [ l] is absolutely true, while sorne of the limitation indicated in [2] m ay not be 
completely true for all cases of brancheslleaves . 

Branch Water Use With Sap Flow System 

The change of water flow through a branch gives a measure of conductance of all the leaves 
upon that branch. The carry out this measurement we are using a sap flow system on the branch 
for a continuous measurement oftranspiration (Figure 3A). This sap flow system is placed upon 
the bark of the branch anda small amount of heat is applied within a insulated container. The 
temperature near the poiot ofheating is monitored on both sides. The beat is lost by movement 
tbrough the bark up and down but a sap flow through the branch increases the heat loss on the 
upwards side ofthe branch and so the temperature on that side is higber (Figure JB). With 
correct calibrations we can measure total transpiration ofthat branch . 

We can set the system up on a branch and let it run for at least two weeks. Once the heating is 
adjusted so tbat no injury occurs to tbe branch, but the heat is enough to be measured by tbe 
tbennocouples within the system, the system works very well. The data is collected every 15-30 
minutes into a data logger. After down-loading the data, the sap flow can be caJculated on a 
spread sheet. A typical experiment is shown in Figure 4. It does vary during tbe day (3-10 
gramslhour flow) dueto temperature and ligbt. It ceases during the night and takes time to rise 
to a high level in the morrung, much like is measured for ind.ividualleaves. Thus, the system 
works very wetl and is stable. The leaves of the branch seem to be unaffected by the monitor 
clamped to the branch. In addition, the branch is smaller and more easily manipulated than a 
swall tree . 

Two major experimenLS upon a tree in the green house resulted in what were thought initially 
disappoiotment, as sbown in Table l . We found that the sap flow measurement of a branch is 
much lower than that calculated from the total transpiration of each leaf measured by a LiCOR 
1600 porometer, which measures the actual stomatal transpiration. We felt tbat this may be due 
to two problems: [ l] the LiCOR porometer measurement does not take iuto account conductance 
of water vapor through the boundary !ayer, which may be very high for the large avocado leaf 
and the low wind velocity in the green house, and/or [2] the portion of the branch measured (it is 
really measuring only a portion of a small branch) is not feeding water to all leaves on the 
branch. ln other words, the sap flow through the branch is asymmetric. With other data (as 
discussed below) the concept has developed that the LiCor system does not measure the real 
movement of gas through the leaf. In other words, the LiCor by stirring tbe measurement 
cbamber vigorously does measure the actual stomatal conductance3

• However, the real gas flow 
is dueto a flow through the stomata after moving through the bouodary layer, which is the 

3 The actual Licor 1600 system takes the measurements by clampmg small chamber oo the bottom surface of tbe 
leaf There is a small fan to rapidly circulate the a ir within the small chamber and the humidity of the cbamber is 
measwed. As the humidity of the chamber changes dueto transpiration, the rate of change is used to calculate the 
transpi.ration rato (as a function of vapor pressure deficit) and the oonductance . 
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unstirred layer surrounding tbe leaf. Tbat movement is characterized by the boundary layer 
conductance 4 

. 

Table l . The branch used had 15 and l6leaves on it and each leaf was measured by the porometer. The 
leaf area was estimated by measurements of length and width and the total conductance was calculat.ed. 
Each conductance was summed to provide the total LiCOR transp11'8tion Thc sap flow meter was 
calibrate<i as described by the methods provided by the distributor . 

Tri al 

A 

B 

LiCOR Transpiration 
(grams/bour) 

200 

143 

Sap Flow 
(gramslhour) 

1.4 

3.5 

Again in Table 1 we test the real flow of tbe sap flow by measuring tbe measured stomata 
conductance with the sap flow. We find tbat the value is nearly 20-100 times lower. This 
suggests that the sap flow meter is incorrect or that the LiCor transpiration rate does not measure 
the actual transpiration stream. lfthe measurement systems are correct. the only interpretation is 
that we have not taken into account the boundary layer correctly. Unfortunately, this is 
suspected to be true by many researchers, but that boundary layer is very difñcult to calculate or 
meas u re . 

Tests of the Boundary Layer Limitation Coneept 

Our basic coocept to date is that the stomata of tbe avocado provides the major limitation to gas 
flow into the leaf. Witb a gas flow limitation, light may not pro vide the measure of the 
maximum productivity of the leaf and anything that interferes with the stomata willlimit C(h 
fixation, photosynthesis, and so limit productivity. In fact, our concept is that by measuring 
stomata conductance we can measure the productivity oftbe tree and our goal would be to 
maximize stomata conductance, eitber by manipulation of tbe microenviron.ment or by altering 
the tree's pbysiology . 

Under that concept we .re-examined some earlier dala obtain under field conditions. In Figure 5 
we plot the data collected by Xuan, Mickelbart and Arpaia (unpublisbed). While these data were 
coUected under very different conditions in the field, they fit a scatter plot of photosynthetic 
assimilation verses stomata conductance. The conductance measured in the field was very large 
under sorne conditions but so was tbe assimilation. Figure SA show bow well the data fit a 
enzyrnatic mechanism. While the data show a scatter (there is a large variability of the 
microenvironment- light intensity, relative humidity and air temperature-and ofthe leafage), 
it does fít well an enzymatic concept, as given below . 

A = - R + Ama.x g 1 (g + Ka) 

~ The schematic of the movement of gases is shown in Fipre 4. C~ is higher on the outside of the leaf (since it is 
being fíxed within the leaf and so its conceotration is lower there). Thus the fl ow is from outside to in and is govem 
by the res1stance to flow and the gradient of concentration. Water vapor flow similarly except it is from inside (at 
1 00'/o RH) to outside (bulk aunosphere). Both conductances are similar. except for the mass of the gas involved, 
and so C02 and H2Ü move under similar driving forces There are however twO resistances, stomata (r.) and 
boundary layer (rb) . 
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where A = Assimilation, R = respiration, Ama."< = maximum assimilation, g = conductance and K8 
= a coostant goveming the shape of the curve. This indicates that there is a maximum 
assimi lation possible even when the conductance is very large . 

Tbe respiration measured here is similar to wbat is obtained under relatively high air temperature 
(see Figure 2). The conductance is higher than what was oormally obtained under lower light 
conditions (high light has been correlated with higher conductance). Thus, bere the bighest 
assimilatioo rate would be about 54 ¡.unoles/m2 sec with a respiration of about 16% of the 
maximum at a field air temperature of 30-35C. Note that under most conditions, these data could 
be fit toa linear relation (assimilation varíes linearly witb conductance), indicatiog that the 
stomata limit assimilation . 

lnterestingly tltese data al so yield a measure of bow bigher assimilation rate depress the internal 
C02, as expected (Figure SB). The depression of C0 2 dueto fixation causes the interna! 
concentration to be lowered to about 200 ppm (with an externa] concentration of about 380-400 
ppm). Thus once the internal C(h reaches 200 ppm, maxiroum assirnilation is reached. 
suggesting the mechanism offeedback control on the avocado. Also shown in Figure 5C is the 
variation of conductance with a water vapor pressure deficit or differential (VPD) between the 
air and the interior of the leaf (there is a threshold before dcpression occurs of about 2 kPa and 
then conductance ceases when the VPD reacbes 3.5 kPa) . 

Another test of the concept that we are not taking into account of the boundary !ayer conductance 
correctly can be seen with the sap flow monitor andan artificial wind (use of a fan) . In the 
experiments shown in Figure 6, a fan blows a.ir on a portion of a small tree (wind at 3 mfsec = 
6.5 mph, onto gauges 1 and 3). On day 1 no wind is used but on day 2 wind is used on the 
branches that are monitored by gauges 1 and 3 (gauges 2 and 5 are on a portion of the tree not 
reached by the wind). The rate of sap flow is higber on the branches that are affected by the 
wind (the wind lowers the boundary layer resistance and tbus should allow a faster gas flow and 
a higber leve! oftranspiratioo and sap flow). The peak is higher under the wind but a better 
measurement can be made by iotegrating the total .fiow of sap during the period of wind (from 
IIAM to 5PM). lfwe add the increase on the wind gauges divided by the sap flow on the 
control (no wind) branches, we obtain a wind effect of 31%. In other words, the wind increases 
the sap flow by 31 %. lf the assimilation (limited by the conductance) is increased by the same 
amount (by lowering the boundary layer conduction), then the productivity would increase by 
31% over the 6 hours of wind. More experiments are in progress but it is clear that .measuring 
the stomata conductance by the LiCor whicb does not take into account the boundary layer and 
so does 1101 measure the true gas excbange5

• Furthermore, rapid mixing ofthe air above the leaf 
by wind increases the ass1milation, at least under high light conditions . 

Light Intensity 

Another factor, wbicb can greatly influence productivity, is ligbt. Light provides the energy 
source that drives carbon assimilation in tbe leaf. Avocado trees, 'Hass' in particular, can 
develop a very large umbrella-lik:e canopy tbat is largely empty inside. There is only a relatively 

, Licor clatms that boundary !ayer is considered. lt is in the actual measurement as a value tS given to the prograrn 
calculaung the conductance wtúch ts govemed by lhe rapid movement of a1t by the fan m the chamber. It is not this 
thatlS the problem. It is lhe lack of measurement of lhe boundaJy layer withm the field that gives the wroog 
mdicatJ.ons In fact, it is ver¡ difficult to measure thts on one leaf. lt really IAkes an iotegrated measurement of the 
flow of tran$piration stream (sap flow) that we feel is the cocrect measurement 
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tbin layer of lea ves oo the outer part of the canopy. It appears tbat light can be fully absorbed by 
this layer of leaves, leav1ng no light available for interior layers of leaves. This is a typical 
observation in physiological terms for other plant species, but it is quite striking in avocado . 
Once the light intensity drops, photosynthesis drops. If the photosynthetic rate is too low, it 
cannot compensate for respiration .. Under these conditions the leaf has a negative carbon 
balance; the leaf uses more carbon than it produces and is therefore a net drain on the plant. This 
can lead to leaf abscission. A large, somewhat empty canopy and leaf abscission is not a 
problem for the large-canopied tree per se but it is a problem for the grower since yield 
efficiency (the amount of fruit produced per cubic foot of tree) is greatly reduced. At this stage 
we do not understand the relationship between light intensity over a day and the potential for a 
leaf to abscise . 

Yet an understanding of the developmental physiology of avocado leaves and how this relates to 
canopy management depends u pon how the layers of leaves within dte canopy can support a 
positive carbon balance to the plant and how a longer duration of a light period dlroughout the 
canopy can maintain a positive carbon balance. We now believe that light flecks of less than 10-
20 minutes do not contri bu teto the overalJ productiv1ty of the tree. It is rather the amount of 
prolonged periods of light tbat eacb leaf intercepts which drives the productiv1ty and longevity of 
the leaf. The question of how long during the day each layer of lea ves can be illuminated seems 
to be the more important point. 

Initially we tested the movement of light through a leaf by applying tbe measurement oflight 
reflected from and transmitted through a leaf using tbe Licor 1850 spectroradiometer ( see Figun 
7A). The measurements are light intensity at each wavelength into the surface of the leaf (lm), 
the light inteosity reflected from the leaf surface Clrer ), and the light transmitted through the leaf 
(1-). The difference of the arnount in verses the amounts through and reflected is the 
absorption of the pigments withio the Jeaf (see Figure 78). It is tbat whicb is absorbed in the 
visible range (wavelengths of 400-700 nm) that drives pbotosynthesis and is critical for 
productivity. On the other hand, that which is absorbed io the IR range (700-11 00 nm) alters the 
temperature of d1e leaf by beating. While tbe .reflectan ce is slightly different from tbe top and 
bottom surfaces and tbose same parameters differ betweeo the ages of each leaf, we see only 
about l 0-J 5% total differences. Tbese differences are too small to affect any productivity 
differences between different aged leaves or orientation and to affect greatly the leaf 
temperature. To be sure, unde.r certain conditions of modeliog they should be taken into account, 
but they are small shifts in light absorption and use aod should not greatly affect productivity. It 
would be interesting to see certain differences between varie6es as there are di.fferences in wax 
composition/structure over the varieties and that might indicate how waxes affect tbe ligbt 
absorbed by the leaf aod so affect productiv1ty. However, at thís stage we feel that the effects are 
small (5-100/o) . 

We are coocemed about the anwunt ofligbt which is intercepted by the Jeaves. There are two 
types of light: direct (that faJling directly on the leaf from the sun) and diffused or indirect (that 
which is reflected from the sky and other surfaces). Direct is most iotense and drives 
photosynthesis but diffuse can give rise to many effects of physiology and does provide enough 
energy to generate sorne photosynthetic products. In particular, avocado seern to carry out 
photosynthesis under relatively low light intensity, wbich is that of diffuse light. We w)shed to 
tested the notion that diffuse ligbt maintained the stomata in an open conditions. Using the sap 
flow monitor, but applying separate monitors to two branches on opposite si des of the tree, east 
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and west facing, we followed sap flow during tbe course oftbe day. We expected tbat the full 
sunJigbt on the east side in the moming would support more opeo stomata on the leaves on that 
branch with a higher sap flow, while tbe opposite should occur in the aftemoon-the sap flow of 
tbe branch on the east side should be lowered while the sap flow on the west si de brancb sbould 
increase. Unfortunately that was not exactly tbe case (see Figure 8). There was a small change 
in the sap flow between the east and west branch during the day but it was small (about 10-15%) . 
In part we feel that is true because cond.itions change during the day as to the condition of the 
tree and the environment near the branches. But we al so suspect tbat diffuse light (tbat light 
wbicb is reflected and scattered from the environment and tree) is nearly as good at supporting 
pbotosynthesis as direct Iight. This has profound impact on how we model any canopy-it is not 
simply the direct light that causes productivity and so the side of the tree that is illuminated may 
not be very important in productivity calcuJations . 

We tried to obtain an idea of tbe amount of ligbt jntensity that we have to be concemed witb by 
measuring the ligbt intensity in different directions at 8 AM in the moming (Figure 9) . 
Naturally the sun was low in tbe east and tbe maximum intensity was measured in tbat direction 
(1650 ~ol of photons 1m2 sec ). Yet because of atmospheric scattering light was observed in 
every directioo with about 200 J..llllOl of photons /m2 sec towards the west. This m ay be important 
sin ce the dependence of photosynthesis in avocado seems to be saturated as relatively low light 
intensity, or at least that intensity is where the stomata limitation is the greatest and so bjgher 
light may not add m u eh to photosyntbesis. We are beginning a series of more controlled 
experiment in whicb the local environment on both sides of the tree are heavily monitor and 
more branches are monitored (as we have bought more branch sap flow monitors) to see bow 
great tbis effect is . 

An understanding of the developmental physioJogy of avocado lea ves and how this relates to 
canopy management depends u pon how the layers of leaves within the canopy can support a 
positive carbon balance to the plant and how a longer duration of a ligbt period throughout the 
canopy can maintam a positive carbon balance. While we continue to be concemed wit:h light 
flecks of less tban 10-20 minutes which do not contri bu te to the overall productivity of tbe tree, 
we don ' t understand bow these ligbt flecks interact with the tree to allow it to use diffuse ligbt 
more effectively. Figure 10 iUustrates a typicalligbt exposure experiment cooducted by the 
Mickelbart's group at Liocoln University. One-year-old potted 'Hass' avocado trees are 
maintained in a growth room with light levels around 1000 J.UllOI of photons!m2/s (about half of 
full sunlight on a cloudless day). Ind.ividualleaves are exposed to about 200 J.UDOI of 
photons!m2/s for a period of time before increasing the light leve! to el ose to 2000 J..UIIOI of 
photons/m2/s (roughly full sunJight). We see variable photosynthetic responses in the leaves, 
botb during light transitioos and after. There are potentially several reasons for tbjs. First, we 
m ay not be adapting the leaf to the lower light Jevel for long eoough. We are curren ti y testing 
tbis tbeory. Second, we believe tbat the response will be depeodeot on leaf a.ge and, more 
specifically, the flush in wbich the individualleaf was produced. We are currently setting up a 
series of experiments to test these theories and hope to have a working model for light response 
of individualleaves by the end of next year•s work. At the moment, we believe it is the amount 
of prolonged periods of light that each leaf intercepts which drives the productivity and longevity 
of thc leaf, rather tban its ability to respond to sbort periods of intense Jjght exposure. However, 
this needs to be rigorously tested before any conclusions can be made. The question of how long 
during the day eacb !ayer of leaves can be illuminated seems to be the more imponant point. 
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Productivity Model 

We are developing a model ofproductivity based upon how themicroenvironment around the 
individualleaves affect the stomata conductance and how the conductance and the light intensity 
alter the lears carbon productivity. This model will be a simple spread sheet that can be used to 
predict how the microenvironment in the field as measured by a few simple instruments can 
affect carbon fixation. However, it seems that the data obtain above are critical to understand 
which parameters of such measurements are important and how to integrate these measurements 
into the simple model. lt is hoped tbat an individual small model can be used as a full tree model 
to yietd predictions that will add to the abiJjty of tbe grower to understand how certain treatments 
will affect hislher productivity . 

Figure l. Alteration of conductance by application of ABA. The gas flow across a cut leaf 
was measured as described in tbe previous report, but the leaf water poten ti al was maintained at 
nonnal by solution of water flowing across its cut circumference. The data shown here are from 
a leaf that has been illuminated for about 1 Vl hours to reach stable statc of assimilation and 
conductance. ABA solution {25 ¡.tM) was added at the arrow. Witbout ABA the assimilation 
and conductance remained the same (as shown). At tbe next arrow the ABA solution was 
replaced by a water solution. The steps down to zero for botb traces were due to automatic 
zeroing of the IRGA used to measure the CÜl and water vapor and, wbile necessary, were not 
part of the actual measurements of the leaf . 
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Figure 2. Temperature dependence of assimilation and respiration ofleaves on a tree. The 
growth charnbers were as used before (see previous report) and maintained at a constant relative 
bumidity ( 43% ). The air temperature of the chamber was sh ifted uf1 (from 20 to 36C, as shown 
here) or down (from 36 to 20C, data not sbown). The conductance and CÚl assimilation of 
individualleaves (10 on 2-3 different branches of three small trees) were measured by a Licor 
6200 system. co2 fíxation (assimilation) or upta.ke (respiration) was measured jo the light or 
dark (see Figure 2A) for varied chamber temperatures (average of 10). In 2B, the conductance of 
each Jeafwas measured in the light or dark. The sequence of the measurements for eacb 
chamber temperature was shown in Figure 2C. In all cases stable chamber temperature and 
stomata conductance was reached before any measurement were made. During the dark period 
the stomata begin to el ose but the measuremeuts were made before any sizable change was 
measured (less than lO%) . 
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Figure 3. Sap Oow measuremeot system. ln figure 3A, the sap flow meters on tbe brancbes 
are shown within the insulation to slow heat flow out of the system. In figure 3B, the schematic 
of the heat flow within the system js shown and indicates how the measurements were made. A 
constant amount of heat is put into the branch and thermocouples measure beat tlow up and 
down and outward to the abnosphere. Tbe difference between in and out (up and down) was 
u sed to calculate the flow of transpiration upward, since that flow of essentially water carried 
heat up the branch. In figure 3C, a typical heat flow (dT) and actual sap flow (flow) is shown 
over the course of a week. The actual flow varied dueto the microenvironment of the leaves on 
each brancb. At nigbt the beat flow was small and the calculatioo induced a large amount of 
inaccurate variability. Tbus, the flow at night was set to zero. The time is 24-bour Pacific 
Standard Time . 
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Figure 4. Tbe scbematic oftbe gas flow into/out of aluf. See text for the description but the 
flux of the gas is proportional to the difference in concentration between inside and out regions 
and the total conductance of tbat flow. A better met:hod of think:ing about the flow is tbat the 
pathway gives a resistan ce to the flow. Tbe total resistan ce is due to the sum of a boundary !ayer 
(b) anda stomata resistance (s). Then the conductance isjust the inverse ofthe total resistance . 
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Figure 5. Gas flow from Avocado lea ves. A. Data were taken from Xuan, Mckelbart and 
Arpaia, using a LiCor 6200 porometer on Hass Avocado trees. The data of assimilation and 
conductance is indicative of the field in Riverside o ver a wide range of microenvironments and 
leaf age and was fit to the enzymatic formulation of dependence of assimilation on conductance 
(see equation in text). The scatter of the data fits a Gaussian curve with a standard deviation of 
3.5 j.UDOieslm2 sec over all the assimilation data points, as an indication of variation. B. The 
dependen ce of the calculated COz level within the leaf u pon assimilation. As tbe assimilation 
in creases, the internal concentration of COz declines reacbing a constant level of about 55-60% 
of the extemallevel. C. The dependen ce of the conductance u pon tbe leaf vapor pressure deficit 
(whicb is calculated as the difference between the intemal water pressure of the Ieaf at 100% and 
the exteroal water pressure ofthe atmosphere below 100%) . 
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Figure 6. Effect ofwind u pon tbe sap Oow ofbranches. Sap flow was measured by the sap 
flow monitor (see Figure 3). Four gauges were fitted on four separate branches of a single tree . 
Wind was blown on the one portion ofthe tree (see Figure 6A) from 11 :OOAM to 5:00PM on 
day 2, while no wind was blown on day l . see Figure 6B for the data . 
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Figure 7. Ligbt absorption by avocado leaves. A. Tbe distribution ofl ight upon a leaf. I 
represents the intensity oflight at a certain wavelength o ver a given band width oflight intensity, 
where in = incident, ref = reflectance, trans = transrnitted, and abs = absorbed calculated as [in -
ref - trans]. B. Typicalligbt parameters of an avocado leaf from a wavelength of 400 to 1100 n, 
in 5 nm intervals. The leafis a mature leaffrom a Hass avocado . 
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Figure 8. Sap flow from a tree witb sap Oow monitors on branches separated by 180°. A 
comparison of a west and east facing branch on a Hass avocado for two days. Eacb day varied in 
its air temperature and light intensity bot tbe sap flow on each branch has been normalized to 
100% (while ea eh were simi lar, they were: maximum flow on the east branch = 6.37 glhr and on 
the west branch = 8.86 glbr) . 

Sap Flow 
East Branch vs West Branch - east - west 1 

120% ~--------------~----------------~ 

3: 100°/o 
-º LL 
O. 80o/o 
<U en 
-o 60o/o 
J!l 
ro 40o/o 
E 
~ 20o/o 

5/9/0 5/10/0 

700 1000 1300 1600 1900 915 1215 1515 1815 

time of day 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Heath, Arpaia, Mickelbart Avocado tree physiology pagel9 

Figure 9. Directionatity of su o ligbt. The intensity of sun light in the summer as measured 
witb a Licor 1 850 spectroradiometer. The band measured was Photosynthetically Active 
Radiation from 400-700 nm. Tbe regíon measured was at 45° from the horizon at 8 AM in tbe 
mommg . 
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Figure 10. Leaf response to sudden changes in light (simulated "sunfleck.s"). The data were 
obtained with a Licor 6400 system to measure the assimilatioo rate. The gray line ( denoted by 
" ligbt") shows the light level tbe leaf was exposed to, and the black line (denoted by 
"assimilation'') shows C02 assimilation rate. See text for more details . 
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Beoefits to the ln dustry 

A grower's margin of profit is the difference between the input costs to produce a rnarketable 
crop and the output, or the production itself Any influence that affects one or both of these two 
items can make the difference between profit and loss. The management of the avocado tree 
under southem California conditions, which can experience rapid changes in temperature and 
relative humidity, provides a challenge Wlder the best of conditions. 'Hass' productivity in 
California tends to be less than in other countries such as Mexico, Chile, New Zealand and South 
Africa where environmental conditions are less stressful. Additionally, increasing market 
competition from other countries is pressuring the California grower to become increasingly 
ingenious in orchard management practices so that profits can be made. These practices include 
changes in irrigation schedule of orchards and management of tree size. Also increasing 
numbers of growers are pnming older trees or considering high·density plantings. Canopy 
management strategies hlnge on effective light management to increase fruit size and production . 
Unfortunately, the science behind the current strategies used to manage tree canopies and tree 
water status are poorly l.Dlderstood. We do not \D1derstand how the ' Hass' avocado responds to 
either light or water stress. This project examines in detail the response of the avocado leaf to 
light, temperature, and changes in ligbt and temperature according to carbon assimilation (which 
fuels both tree and fruit growth) and changes in evaporative demand (which govems the amoWlt 
of water the tree requires). The outcome of this project will be a better lDlderstanding of the 
tree's response to environmental stress. This in tum will allow us to develop a canopy model of 
total carbon assirnilation that wiJI predict the effects of changes in relative bumidity and 
temperature upon the assimilation. This researcb will provide the framework for predicting tree 
and canopy management strategies to optimize productivity . 
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Project Obj~tives: 

l. An Wl.derstanding of tbe effects of environmental variables (Iight, temperature, and relative 
hwnidity) on avocado leaf gas-exchange and carbon assimílation, essential for plant growth and 
fruit producrion . 
2. An understanding of the developmental physiology of avocado leaves and how this relates to 
canopy management. In particular how many layers of leaves within the canopy will support a 
positive carbon balance to the plant and how the duration of light flecks through the canopy can 
induce a positjve carbon balance . 

3. Development of a model of carbon assimilation and allocation in avocado that will allow 
growers to make informed decisions on horticultural practices and will aid researchers in 
developing future research endeavors . 

Summary of this Year's Progress 

W e have made progress on many fronts but two topics- leaf growth and temperature optima
have been largely described, Ieading to much better undcrstanding of how we can follow tlush 
development and why extreme California aftemoons are a problem for production . 

We have developed a methodology to measure leaf growth that allows us to place leaves into a 
coherent physiologícal development sequence and place branch development into coherent 
pattern. In other words, a few non-destructive measures on severa! developing leaves of a 
brancb can give us a time scale of the full branch's development anda measure of the growth 
rate of that branch. This protocol has been a remarkable development of our measurements and 
allows for placing each of the flushes into their proper physiological context. 

We have a concept ofhow varied air ternperatures affect the rate of photosynthesis, as lirnited by 
the stomata conductance, and of dark respiration. It seems that the leve! of the C02 level inside 
the Ieaf (interna! CO:z) plays an important role in control, in that as the temperature rises, the 
intemaJ C02 becomes closer lO the ambient with the assirnilation rate leading Stornata 
conductance. This means that photosynthesis per se is what higher temperatures are affecting, 
rather than stomata conductance. This raises two questions: [1] how long of a duration can high 
temperature be present before damage permanently alters the tissues and [2] does the loss of 
water and subsequent closure of the stomata, while lowering net productivity, actually help the 
survival of the tissue. Any field methodology used to change either air temperature or relative 
hwnidity, including when to start and how long to maintain, wiJl be set by these findings . 

Using a combination of varied measurement technologies, we have made progress in 
Wlderstanding the relative importance of the boundazy !ayer aroWld the leaf and withill the 
canopy to gas exchange. Following of the leaf temperature by an infra-red camera has given us 
the tool to determine both the boundary layer interaction and the actual leaf temperature with 
respect to the air temperature. Under many conditions, wind does count in altering tbe real 
productive, as controlled by gas exchange . 

In the long term, we hope to adapt models of conductance & assimilation to predict in 
productivity io environments of the field, based upon simple measurements of physical 
properties of the environment . 
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Details 

Lea.f Development 

When we began our work, the community did not bave a good method for describing how to 
measure avocado leaf development. There was no understanding of what measurements to make 
to determine where the leaf was in its normal physiological process from initiation to senescence 
and how it lit within the productivity of the branch, which contained it. We suspected that 
cbanges occurred in its time scale but did not know if that time scale was predictive in the leafs 
productivity. Furthermore, it was not obvious ofhow a Jeafs productivity was linked to the full 
productivity of the brancb and each of its flushes. lhat total productivity would seemingly be 
linked to the production of fruit, but we had no simple linkage mechanisms. This is especially 
true in California, which has two flushes per year, where we suspect that one flush feeds the 
flower production and the other feeds the fruit production . 
We suspected that yoWlg leaves were dependent upon rnature portion of plant but, under some 
conditions, very old leaves were a drag upon the plant's efficiency and therefore were prime 
targets for abscission. To follow both the flushes and abscission efficiency, we needed to be able 
to deternúne a leaf's age with a few simple measurements. Theo we could follow that age as we 
measure the efficiency of the leaf and how it relates to each tlush on a branch . 

A major accomplishment this past year has been to [ 1] determine a correlation between width 
and length, and area of the leaf, although it is variety dependent, [2] show that the area can be 
found accurately by using only length measurement, and [3] find that area can be correlated with 
leaf age. The leaf position along the flush (leaf number) can be correlated with leaf age and 
therefore tlush age, according to each branch. Surprisingly, once a flush initiates tbe leaf 
production, its growtb is surprisingly constan!. Eacb leaf develops according to the tlusb and 
branch, rather than randomly growing. Most importantly, we have found that we do not have to 
take many measurements on individual leaves for a single branch. One measurement for every 
other leaf along the branch once a week is more than adequate to describe the leaf growth and the 
full tlush growth characteristics- including the date of tlush initiation and specific growth rate 
of each leaf . 

LcafGrowth 

In order to determine how photosynthetic assimilation (in the leat) changes during leaf and fruit 
growth, it is importan! to understand the relationship between leaf physiological and 
chronological ages. Our major obstacle was the determination of the physiological age of a leaf . 
lt was not possible to do this using a "single" measurement; rather we have resorted to 
developing a model which estimates an accurate growth curve for all leaves. The literature 
describes severa! types of growth functions, many of which only fit over one portion of tbe 
growth; however, the most reasooable model was the Logistic funcrion since it duplicates most 
of the phases of leaf growth. Tbe Logistic function possesses a rapid increase phase when tbe 
leaf is very small, followed by a sbift to an exponential rise phase to a maximum size. The 
Logistic function is very similar to the Gompertzian fWJction, which has been previously used 
for growth of animals and populations. While it seems tbat those difTerences are relaLively trivial 
when both are compared, most series of measurements can show that the Logistics curves fit the 
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real growth more precisely1
• The Logistics function has been often used in plant researcb and so 

we foUow that tradition . 

Briefly the Logistic function is described by leaf area (A) as follows, in which the growth rate is 
timited by the maximum size (A-x) but has a cllaracteristic rate (K): 

dA 1 dt = K A ((AIIWt- A ) 1 Armx ] [ l] 

In integrating this equation we obtain a more useful equation ([2]) in which the symbols are 
given by t = time, Amax = maximum size of leaf, with a being an integration constan!. If this 
equation is solved for leaf area, we obtain: 

A = Amax 1 (l + exp (a-Kt)] [2] 

This can be converted into a linear plot easily by sorne simple algebra and becomes: 

Ln [(Amu - A) 1 A] = a. - te t ='V( A) (3] 

Thus, a plot of \fi(A) verses time (t) yields a straight line from which we can obtain the value of 1e 

(thc sJope of the plot) and a. {= K t' , where t' is the vaJue of time when Ln [(Anu:c - A) 1 A] = O or 
when A -= Amax /2, the half-grown leaf} . Thus, if we have several data points of A during the 
growth phase and the final size of the area (Amax), we can find a. and K for the leaf. The value of 
"a."gives a measure of when (in time) the leaf is hal f-grown. Lf there is a sequence of leaves 
growing under the same condirions (m which the growth mte, K, is constant), then the value of 
..a.., increases with leaf numbe? . 

We have found tha1 under relatively constant conditions (in a growth room, data described in the 
figures): 

[ 11 the .. K ,. values for a branch are vinually the same but that the value for each leaf does 
decreases somewhat with more recently forrned leaves on that branch; 

l21 the "a " values increase uniformly with leaf number, signifYing a set-period between eacb 
leafinitiation act; 

l3) the maximum size of leaves rises nearly 500/o over the fi rst 4 to 5 leaves but that size does 
vary somewbat over all the following leaves3

; 

[41 while each branch has approximately the same "te" value, the "starting-a" value (the time 
of initiation of the first leaf) varies between branches and trees . 

This analysis can be used in a green house situation in which variability of growth is much 
greater for measurements that are made onJy twice a week. In essence, we have found our 
metbod for age analysis- a simple method of occasíonal measurements which gives us the leaf 
size for any time point and fixes one point of the groY.1.h in time (the half-grown size) from 
whicb aJI other events can be measured . 

1 In the f~eld thc growth cooditions is oot oonstmrt dueto variatioo in thc coological cooditioos aod frequeiJl 
mcasurcment.s coo sbow thi3. UnfortuDBtely that tben make:s thc fitting (describcd bclow) oftbe area toa logisties 
cwve more difficult. Straogely we fouod that fewer measu:rements actually lcads to the abiljty to fit a curve wh.icb is 
an average growth raJe (in turn an average of the environment). Uoder tbese conditions it is difficult to determine 
tbe diJTereooe in !bese two curves . 
2 Lcaf oumber is an imporunt factor in. Ibis analysis. Tbe number'ing system is oot arbitiary, but rathtt leaf l must 
be the fust leaf to appear oa the brarx;h aJXI the highest leaf number is thc lust lc:af lO appear with all others being 
sequential (see Figure 1) . 
3 Later we will show thAt 100 morpbology of tbe leaf (length & width) likewisc changes from fint initiated leaves to 
the later ones . 
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TheoretJcal Analysis 

Our analysis of what the Logistic fimction signífies mechanistically is based upon Thomley's 
discussion ( 1990) in which the fotmdation of the use of the Logistic plot to describe leaf gro\\1h 
is laid. Thomley uses two interrelated equations to forrnulate how two variables interact to allow 
non-linear growth. Equation [4) is based upon productivity of photosynthesis (the 'Y' variable), 
which aJiows lhe area of the leaf (the ''x" variable) to control its net productivity rate. Equation 
151 is based upon decreasing the amotmt of photosynthetic capacity, used for the individual leaf 
growth; the decrease is due to the development of export capacity of the leaf to other sink 
regions of the plan{ 

dy / dt = ~¡X (4) 

dx /dt "" J.42 x e-bY [5] 

The two constants (J..l t and J.l2) govem tbe growth of the leaf and the production of carbohydrate, 
both based upon the leaf area The combination of these two equations allows for lhe defining 
equation of the logistic equation, as shown in equation [ 1]. 

d {(1/x) (dx /dt) + b J..lt x} 1 dt = O (6] 

The solution of this equation is: 

(1/x) dx /dt + b J..l t x = constant 

in which the constant should be defíned as: 

constant =o 1-12 + b ~~ x¡ 

[7] 

(7'] 

We will retum to the x; definition later. Here wben dx /dt = O or no net change in the area (x), the 
x (at that point, xr) is the maximum area oftheleaf, and so using equation [71 : 

(b J..ll) xt = (b J..l l) X¡ + J..l2 [8) 

xr = x; + J..l2 /(b J..lt) 

Combining all these relationships we obtain: 

(1/x) dx /dt + b J..lt x = b J..lt Xr 

( l /x) dx /dt = ~~ b (xr- x) 

dx /dt = J..lJ b X ( Xf - X)= J..lt b Xf X ( (Xf - X)/ Xr j 

which is directly related to the defining equation of the Logistic equation, where: 

dA 1 dt = k A [(Amax- A ) 1 Amax ] 

Here with A = x, then x¡ = A.ux and K= J..lt b xr= J..lt b ~ . 

Results 

[8'] 

(7'1 

(9] 

[9'] 

[l 1 

One of the most important goals is to maintain a labeling sequence for the leaves on a branch. 
The two (or more) flushes must be separated as shown in Fieure l. FWlhennore, the leaves 

• BoUl x aod y are in units of g-DW but x stands for total weight wilb arca as lbc surrogate for weight and y is for 
assimilation as carbon. Equtttion (4} represenlS tOial assimilation with y in units of g-DW /sec aod so p1 is in units 
of sec·•, 8Dd is proportional to K. Equation [5) represents Wlits of g-DW or m2-arca /sec aod as such lbe tm.itsof 1-12 

is likewise in :~CC'1 • Additionally ''b" must be in units of g-DW1 in order for lhe cxponential to be unit-less . 
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should be numbered from the first Ieaf of a flush to the last leaf (larger number, often 12 to 18 in 
most cases). The point of this exercise is to be able to easily monitor non-destructively the 
growth of each 1eaf and relate that to a physiological process. Further this monitoring must be 
such that missing a few days of observation does not handicap the analysis process . 

Firstly we built upon our previous observations that the length and widtb of a leaf were related . 
Using a series of leaves from ' Hass' trees (on clonal Duke 7 rootstock) maintained in a green 
house, we measured the length. width and area~. Figure 2A demonstrates that the lengtb times 
the wjdth of a Jeaf is proportional to the area; this means that length times width times a constant 
factor (L x W x f) is equal to the area of a leaf Thus, we do not have to sean the full area of the 
leaf but can use only length and width to obtain a measure of the area Furthermore, with sorne 
small amount of error, only the length can be used to obtain a measure of the area if that length is 
squared (see Figure lB). Again a nearly constant factor (g) times the length2 can be used as the 
area. The error is due to the variation of width divided by length with leaf number. The first 
leaves tend to be broader than the Iater leaves, but there is sorne variability (see Figure 3). Thus, 
for our detenninations we used [L x W x g] as lhe area . 

Typical Jeaf growth curves are shown in Figure 4. These data are from Mickelbart (for growth 
of branches during 2003 in New Zealand in a controlled growth chamber) for ' Hass' avocado . 
The area has been detennined ~ above for the first four leaves of Tree 1 & Branch l. We 
detennined full leaf growth for at least three branches on nine trees. While there is variation in 
area, the general trend is that each leaf slowly increases its rate of growth until it is about half its 
max.imum size and then the groy..th rate slows ultimately ceasing when the maximum size of the 
leaf is reached. The period required for a leafto reach maturity (maximum size) is about 26-32 
days . 

lf the area data for one leaf is transformed into a Logistic expression {Ln [(A.nax - A)/ A]} is 
plotted versus the chronological time scale (starting a fLxed date as t1me = O), we obtain a straight 
line with a declining in value with time. For each leaf on a branch, the measured area is fit toa 
logistic curve giving a measure of two parameters (a and K). In sorne cases due to insufficient 
observations we have to estímate the maximum size of the leaf. From a least squares regression 
fit, an es ti mate of the time (in terms of days of observation) lhat the leaf required to reach a 50% 
size (« 1 K, in days) is calculated. That value oftime to reach a 50% size is subtracted from the 
days of observation and denoted as the plastochron day; all leaves reach 50% of their maximwn 
size at zero platochron day. The leaf size is likewise scaled to a percentage of the maximum size 
(by dividing the maximum area into the observed area). Those calculated data are then plotted 
for allleaves on a given branch (see Figure SA for one shootlbranch). The data are uniforrn and 
seem to follow a single curve with the variation in data (denoted by crosses) being quite small . 
That total data (all points) are then fit to a branch/shoot Logistic curve (see Figure 58 for the 
Jinearly transformed data). The constant (a) and slope (K) for each branch are relatively constant 
for each branch of the same tree. Further tmder unifonn growth conditions tbose values are 
nearly the same for several trees (e.g., the nine that we measured here), although the date of 
initiation for tbe first leafvaries with each branch6 

. 

s Tbe leaves were scanned and then the area was detemllned from the lUlDlber of pixels that the scanned image had. 
The calibratioo wns with a known area of paper . 
6 The date of iniliation of the rJISt leaf of tbe branch is somewbat arbit:mrily denotc:d as l.he zero plastochron day of a 
non-cxistent zcro lcaf . 
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For three separate branches on one tree (#2), the data for these parameters are unifonn. In 
Figure 6A the leaf area (given as square dimeosion) becomes larger with leafnumber, reaching a 
large size after the emergence of about 5-8 leaves. There is sorne evidence that the maximum 
size of each leaf varies somewhat for the higber numbers and may even vary between every other 
leaf from very large to somewhat large. This variation makes mere guessing the final size 
di.fficult and thus each leaf should be measured Wltil it reacbes maximum size (Amax). In Figure 
6B the nurnber of days to reacb 500/o of tbe maximum size of the leaf (zero plastochron day) 
seems to vary linearly with leaf age. The time between each leaf (the slope of this plot) is 
constant at 2.3 days, the time between leaf initiations. While we expect the value of" to be 
constant, it seems to decline by about 20-30% from the first to the last leaf The scatter of the 
data is large and often an average of all the JC values is adequate (see Figure 6C). The values of 
a. ultirnately rise, which is expected since it should nearly linearly track the increased value of 
the initiation (to 5~/o of the maximum si.ze) (Figure 6D). We have summnrized all the data from 
this set of experiments (27 branches in all) and the variations of the growth rate and initiation 
rate of each leaf and branch are very small (less than 15%) under uniform growth conditions, 
which indicate how well the data fits to tbe theory . 

Based upon this extensive data set we have developed a computer program to carry out tbe fitting 
of the data to the Logistic formula easily and have successfully used this technique to obtain 
growtb pattems Wlder several greenbouse conditions. We are currently using it to predict how 
old (plastochron age) a given leaf, is based upon its measured area (using length times width) in 
other studies . 

This concepl was found by studies in a growth chamber in which the amount of light and its 
directionaJity is fixed along with the relative humidity and temperature. This, of course, is not a 
usual situation but allowed for the detennination of the relation of leaf growth. We have 
continued these studies to test their applicability to tbe "real world" through greenhouse studies 
(in which 1he air temperature and relative humidity was held constant) but the light varied 
nonnally throughout the day and a retrogressive study of field data collected a few years ago . 

The greenhouse data (with constant temperature and variable light) was done with a longer 
spacing between each time points. Under these conditions, the light variability between days and 
the assumed difference in growth seems to average out. In other words, the data set can not see 
day to day variation but the increase in leaf area does fit a logistics curve in which the growth 
constant is the average over severa! weeks of growth. The field data collected in lrvine during 
spring and early summer (from Xuan and Arpala, 1998) was taken every three weeks. Again tbe 
number of leaves witbin a tlush and their timing offset gives rises to another possible fit to the 
logistics curve, but again an average growth rate and initiation time is found. Thus, the system 
seems to work well regardless of the timing of tbe data, but under variable environmental 
conditions, the average values are tbe best for understanding total productivity and for ease of 
data collection . 

We are continuing these studies for flush development. Here the production of a new flush gives 
rise to a loss of the older flush, but not completely. We seem to have three cases of leaf loss
fullloss ofleaves, loss ofhalfthe leaves, and no loss frorn the older O.ush. We do not understand 
wbat conditions lead to what types of leaf loss but our fundamental hypothesis is that a balancing 
act exists between production and the Omhes. The older Jlush "feeds" the younger flush initially 
but once the younger flush becomes able to contribute enough carbon to the newly gro-wíng 
leaves of lhat flush, the older flush is not requil"ed. However, the older flush does have the 
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ability to give more catbon to any developing fruit on that brancb. lt is our hypothesis based 
u pon other work that one specific branch does not easily transport carbon to other branches. The 
question remains as to what causes the leaves to fall off of older flushes? It ís a light limitation 
as new flushes on other branches shade the older branch or do plant honnones play a critical role 
in shifting the older tlusbes efficiency orneed for continuarion? We simply do not know at this 
point; however, evidence points to the role of light, íntensity and duration . 

Interestingly, the conditions in New Zealand can support up to 4 flushes ata time on a small tree . 
For our study of 12 trees, leaf loss was proportionaJ to total leaf area. An individual bnmch 
seemed maintain a constant totalleaf area at the expense of older lea ves . 

The Effect ofTemperatwe on Photosynthetic Effldency 

We believe tha1 temperature plays a large role w.ith the problerns associated with carbon 
assirnilation in the aftemoon. Our earlier work wilh humidity showed that low hwnidity caused 
excessive water loss from the leaf, especially when the stomata were highJy open in the moming . 
This excessive water loss seemed to lower the water potential of the leaf therefore inducing an 
early closure of the stomata lbis will consequently limit the assimilation of carbon di oxide into 
carbohydrates and so influences overall tree productivity. Yet when relative humidity declines 
during many surnrner aftemoons, most of that decline is due to a rising temperature of the air. 
From a plant perspective this is expected to increase respiration and to lower assimilation. The 
question we are asking in these studies is wbile the stomata }jmit assimilation in avocado Wlder 
many conditions, does this limitation also hold for higher temperatures? 

In order to answer this question we first needed to observe bow air temperature affected the 
nonnal assimilation, respiration and water vapor exchWlge of avocado leaves. We have a growth 
chamber available in which two trees can be maintained for about three weeks. In tbat chamber 
we can maintain both a set temperature (from about 21 to 37 C; 70 to 99 F) and a set relative 
humidity. Typically the cbamber is maintained at a day temperature and relative humidity of 
28C (77F) /40% and a night temperature and relative humidity of 15C (59F) /80%, with 12 hours 
of constant light (200-300 J.lmoles of light /rn2 sec) for the day. Twice a week (Tuesday and 
Thursday) we subject the trees toa changing temperature programas shown in Fipre 7, starting 
at about 1 OAM. The chamber temperature is raised in steps from 20C (68F) to 36C (97F). After 
stabilization of air temperature and stornata conductance (requiring about 40 minutes), we 
measure the assimilation rate and conductance using a Licor 6200 system. We then cover the 
leaf and Licor 6200 with a dark cloth and measure the assimilation rate and conductance again 
(however, the assimilation rate is then negative denoting a production of COz, the dark 
respiration rate). We do this for five leaves, measuring each one in triplicate. We then reset the 
cbamber's temperature, rampíng up by 4C (7F) (see Figure 7), wait one hour and then repeat the 
series of measurernents. There are two measurements sets ín the moming followed by three 
measurements in the afternoon. 

We have Tlll four series of these experiments (each for about 3 weeks) using different trees. The 
low light in the chamber causes a problem to develop with the trees leading to early abscission 
after about 4-5 weeks. We started with two experiments were run per week, one following a 
rarnping up and the other, a ramping down in temperature. W e are in the process of surnmarizing 
all of these runs. The description below is for a typical run with a rampíng up in temperature . 
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The direction of the ramping is critica! as we do not obtain exactly the same shape of curve for 
both directions. The ramping down in temperature leads to lower inhibition of assimilation. We 
suspect that higher temperatures in the moming (starting at 36C) do not lead to a greater water 
stress in the aftemoon when the temperature and water loss is less (at 20C) when compared with 
lhe protocol that leads to a higher temperature in the aftemoon. Also the ramping down (starting 
at 99F and lowering the temperature) created problems with the health ofthe tree~ avocado seem 
not todo well if the morning temperature is bigh. For California growers, the ramping up with a 
high aftemoon temperature is more natural and so we are adapting that protocol for further 
experiments designed to find a recovery threshold for highe( temperatures . 

Assimilation seems to be highest at about 20-22C (68-72F; see Figure 8A); however, the scatter 
of the data makes it difficult to see a clear temperature peak for many trials. Unfortunately the 
growth chamber often cannot stabilize below 18C (64F), rnaking many of the lower temperatures 
unreachable and so we begin our trials at near the optimum temperature for assirnilation. Under 
most conditions and in Figure 8A, the assimilation falls to near zero by 36C, certainly the 
assimilation rate is less than 20% that ofthe maximwn assimilation seen at 21C (70F) . 

The stomata conductance seems to follow the same trend as assímilation but the relationship ís 
not totally clear (Figure SB). Certainly the conductance ís lower at 36C compared wíth 20C, but 
there is much variability in the data We can conclude that conductance does not seem to be the 
limiring factor at the higher temperatures (see later). While a linear relation between 
assimilation and conductance occurs as has been previously discussed, the variation of the data 
makes the relationship unclear. From these data the question remains, at higher temperatures is 
the stomata conductance forcing the declining assimilarion or is the decline in assimilation 
induciog stomata closure? 

Leaf respiration rate increases with increased temperature (Figure 8C) and that increase can be 
.fit by a linear curve or an exponential curve. Both work well from 20 to 36 C, except that the 
linear curve generates a positive respiration rate below 18C, which is not reasonable. The 
exponential curve possesses a negative rate at all values of temperature above OC, but rises 
rapidly from 20 to 36 C. The scatter of the data poínts malees it impossible to judge which curve 
is best but .from the literature one would suspect that the exponential curve is more realistic . 
Clearly the respiration rate at 36C is much higher (5-1 Ox) than at 20C . 

One concem was that the light intensity was not unifonn across the leaves within the growlh 
chamber for our measurements7

. This seems to be lhe case (see dotted line in Figure 9). Sorne 
teaves are closer to the light source than others and their positions cannot be changed. In order 
to try to correct for any light íntensity problems, we decided to use interna! C(}.¡ concentration as 
a measure of effective photosynthesis (the interna! concentration should be lower at more 
effective photosynthesis). For a more complete understanding, we have added a discussion of 
this parameter in the following section . 

Tbe Effect ofTemperature u pon Carbon Dioxide Use 

The movemerrt of water vapor from inside the leaf to the outside atmosphere (transpiration) is 
best described by an electrical conductance analog in which the water vapor moves from a 

1 When we pc:rform cxperiments of changing relative hwnidity or temperature, we select )caves at the same height 
within the growth chambor so that the illumination is the same . 
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highest (chemical) potential down a diffusion gradient from mesophyll tissue to a regíon of the 
lowest chemical potential (the atmosphere surroundinf, the Jea{) as illustrated in Figure 10 . 
There are three principie conductances of movement (g ) in the total pathway: (1) the botmdary 
layer, (2) the stomata pore, and (3) the tissue and leaf air space itself. In the pathway for H20 , 
the sites of evaporation for water vapor are cell surfaces very near the stomata pore via either 
epidermal or mesophyll cells near the guard cells. This means that there are only two 
conductance pathways for water vapor (number 1 and 2 above) . 

The stomata govem the rate of gas flow into the mesophyll cells within the lea( where 
photosynthesis occurs. Two gases-water vapor and COz-are critica! to the plant The water 
vapor flow out of the leaf is responsible for the movement of inorganic nutrients up from the root 
zone. However, if water is evaporated from the leaf too rapidly, the water potential of the leaf 
falls and that alters many processes of metabolism including the ability of the stomata to open 
fully. Thus, there is a balance between water vapor loss and the conductance through the 
stomata . 

On the other hand, C02 movement into the leaf is critical for assimilation and production of 
carbohydrates. lf the light intensity is high enough, the assimilation may still be limited due to 
the flow of C02 jnto the Jeaf The level of C(h within tbe Jeaf (called the internal CÜ2 
concentration) is due to a balance between gas flow into the interior and C<h assimilation (or 
uptake) vía photosynthesis. In general, the interna! C~ level is lower than the externa! 
concentration by a relatively small amount The leaf tries to balance the flow in (via 
conductance) to the use inside (via photosynthesis) to maintain a relatively constant interna! 
concentration. As light intensity rises and pbotosynthesis increases, the stomata open to allow 
more gas flow into the interior. Unfortunately, this allows the loss of more water vapor into the 
exterior, altering the water potential ofthe leaf . 

We now understand tbat the assirruJation rate of avocado leaves is largely govemed by the 
conductance of gas flow, in that assimilation is linearly dependent upon conductance. It must be 
remembered that conductance is not exactly water vapor flow (or transpiration rate). That is 
govemed by conductance and the gradient of water vapor from the leaf interior to the exterior . 

WhiJe the water potential difference drives the movement, the conductance provides a measure 
of the resistance to flow. This formula is linear and follows an equation of flux = conductmce 
times force (for water vapor, wv, and for CÜ2, e) . 

jwv = gT X .1_(fOTCe)wv [10] 

lf we define the flux inwards as positive, then the i\(force~ must likewise be defíned to the 
posióve when t:he outside force is higher t:han t:he inside force. We will find that this is not the 
case for water vapor as the water vapor .. force" is higher inside, t:hus this "difference" term is 
negaóve and so the flux is negative (from the inside towards the outside). With those 
definitions, the sign in equation [1 O) is correct as positive . 

This means that the A(force)wv is due to the gradient of water vapor from inside, where it is 
nearly 1 000/o relative humidity, to the outside, wbere it is govemed largely by the relative 
humidity of the air. Thus equation (1 OJ can be written (in general tenns) as: 

' Although we spc:ak of conductance to tlow, the past mathematical fonnalism used a resistance lo flow similar to Ohm's law for 
electricity in wbicb the linear relatioo between a gradient of coocentnllioo or of dec:trocbemical po«:ntial and flux or tlow o( 
mQtoriaJ is givcn by r . 
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jwv = gT x Arelative hurnidity = ST {RHm.;c-RHOIIlaido} = ST {100o/o- RH. } [10' ) 

There is another way of looking at the relation of assimilation to conductance. lt begins with 
Wlderstanding that the flow of C02 is govemed by the same relationstúp as water vapor, but in 
the opposite sense . 

jco2 = Se x ~(force )co2 [ l1] 

The 6(force)co2 is the gradient of col concentration from outside to the inside and is given by 
the same relationship: 

jcoz = gc X 6( COz] = gc {[ C<h]out - [C02]in } [11 '] 

The beauty of these relationsbips is that tbe conductances are related to each other. The 
conductance ofwater vapor is higher dueto tbe lower molecular weight ofH20 , relative to C02 . 
The relation is through the Lewis coefficients, so that Se = 0.958/1 .346 gwv = O. 712 g,.... . 

The Oow or flux ofC02 is the assimilation rate (A) and so equation 11' becomes: 

A = 0.712gwv~[CÜ2] or A = 0.712gwv {(C02)out- [COilm} 

~[COz] = {A / (0.712gwv)} (12] 

Thus, if the gradient between outside and inside C02 (or for a coostant ex.temal COz, the inside 
COz) is held constant, a plot of A agains1 Swv should be a straight line with a zero intercept or a 
plot of {A 1 gwv} against neady anything (e.g., conductance, light intensity or temperature) 
should be constant. That is true only if the "anything" is not altering the basis relation that 
intemal C(h is held cons1ant. 

Measurement of lntemal COz Concentration 

Retuming to the light intensity problem we calculated (for all temperatures) the average value of 
A 1 gwv from the data set (see Figure 9). We found that there seemed to be little, if any, light 
dependence (shown as leaf position). The average value of A 1 Swv was 1458 ± 262 ¡.trnoUm3

, 

wbich for this particular trial translates into an intemal C<h concentration of 345.0 ± 9.0 pprn 
(for an extemal concentration of 395.0 ± 1.1 ppm). Thus, we felt that we could use this measure 
effectively for deterrnination ofthe effect ofhigher ternperatures . 

From the data set shown in Figure 8, the difference in C(h concentration (effecrively according 
to equation [ 12]) can be plotted agaínst an increasing temperature. Under those conditions, we 
can easily see that tbe assimiJatioo rate/stomata conductance declines as temperature increases 
(Figure 11). The falling gradient means that the intemal COz coocentration is becoming closer 
to the ambient leve! (since that is constant with temperature, data not shown). lt seems that the 
rise in interna! C{h is nearly linear with ternperature, going from nearly 300 ppm at 20C to 
nearly 400 ppm (ambient) at 36C (see Fi~re 11). lfthe stomata were closing prematurely (e.g., 
a more rapid closure than a lowering of assimilation would support), tben tbe internal C<h 
should fall since the assimilation was using tbe COz at a more rapid rate than the conductance 
could support. The rising intemal C02 suggests that assimilation is being inhibited more 
completely than the conductance closure, leading to a closer equilibriwn between the interna! 
and extemal COz levels. In many of the experiments, assirnilation at 36C was close to zero 
while a sizable, non-zero stomata conductance remained . 
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These data suggest that high temperature presents a triple problem for avocado trees. The 
assimilation rate is becoming inhlbited while the stomata remain partially open. Tha1 leads to 
water loss, with little assimilation. Furthermore, the respiration rate is dramatically increasing, 
leading to a loss of the carbohydrate made earlier in the day. The net carbohydrate within the 
leaf must be falling due to a decline in assimi1ation and an increased use of carbohydrate, and a 
water potential problem is develops within the leaf. 

There was another interesting observation from the data set. Under most conditions, the dark 
period to measure respiration was only a few minutes and the stomata conductance did not 
change. This was expected from the light pulse experiments on the leaf disks; sun flecks of a 
few minutes duration do not cause much opening of the stomata However, when stomata 
conductance was relatively higb in the light, even a few minutes of dark would close the stomata 
and lower the conductance (Figure 8B). This effect was only observed for the higher 
conductance and suggested that the lack of assimilation (in the dark) would induce a rapid 
stomata closure. l11us, we would expect a faster closure in the dark if the conductance were 
hígh. We are re-examining our earHer data to determine if this is true. This effe.ct has an 
imponant consequence on how conductance and assimilation respqnds when the leaf is shaded 
after a long period of direct sunlight. 

Boundary Layer as Detected by LeafTemperature 

Last year we suspected that boundary layer conductance was influencing how the stomata 
behaved. For the moS1 part. we measure only stomata cooductance by porometry and hope that 
the boWldary !ayer conductance is very high so that it does not matter. The effect of the 
boundary !ayer was suggested by the sap flow measurements, which were lower than that 
expected by the porometer measurements. Another test of this concept that we are not taking 
into accoWlt of the boWldary !ayer conductance correctly can be seen with an infrared carnera, 
which detects long infra red radiation due to black body emission. This emission is proportional 
to the temperature of the body and for a leaf, can detect the surface remperature of the leaf. lf a 
leaf is maintained in the light at an air temperature of 28C, its surface temperature reaches about 
3l.OC (Figure 12). This temperature is a steady-state temperature which is the balance bern,een 
the influx radiation (sWl light) and losses of radiation due to a sensible heat loss or convection 
dueto hot air rising and latent heat of evaporation (dueto the loss of water through the stomata, 
see left si de of Figure 12). The other heat loss is conduction due to air movements or wind. The 
principie balance to incoming radíation is heat of evaporation through the stomata. If a wind is 
applied to the leaf, it cools rapidly (ca 3.0F) dueto the loss ofheat through conduction and this 
is directly a measure of the boundary !ayer. If the wind ceases, the temperature of the leaf 
retums to the previous value rapidly. The speed of this change is within tens of seconds. The 
actual calculation of boWldary layer conduction is somewhat difficult (see Monteith and 
Unsworth, 1990), but can be done. Furthennore, if the air tlow due to the wind is larnellar, the 
conduction can be calculated according to theory involving wind speed and leaf dimensions (see 
Schlichting & Gersten, 2000) . 

We are currently using this technology with the sap flow experiments to detennine if we can 
show that sap flow measures only the flow of water through the stomata and that the LICOR 
value of stomata conductance is only part of the story of water flow (the other part is bmmdary 
!ayer conductíon) . 
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Canopy Strocture 

We continue to investigare the role of the canopy in allowing ligbt to penetrate into the internal 
leaves. This penetration is critical to understanding sun ilecks and the full canopy's productivity . 
Leaves on the outside of the canopy are exposed to at least half of the day length of full sunligbt 
and tbus can be as productive as the physiology and other environmental parameters will allow . 
This is the Layer I of lea ves. Leaves deeper within the canopy are not so productivity since the 
Layer 1 can shade them for at least part of the day. The fundamental question is how many 
Layers of leaves can be supported by the normal distribution ofleaves . 

Experirnents along the "sun tleck" line (described in the last years' reports) are continuing. 
Since the placement of the sensors within the canopy is critical, it was decided to do sorne 
modeling with more simplified systems to understand what types of events may be happening . 
Figure 13 shows such a model. Here each leafhas the same dimensioo and orientation (they are 
"facing" upwards). Each layer of leaves has equal spacing from the one above and the leaves 
overlay directly the opening in the layers below and the next leaf in the layer two down. This 
structure allows for a simple model in which the illumination "rises" from the right and ''sets" in 
the left side of the model. The angles (8) can be related to the time of day and the durations of 
the illurnination of full light on a given layer can be calculated during the day. For a given 
spacing and leaf size we can obtain the amoWlt of and area iJluminated by light for angle ( or time 
of day). There are two points of interest: [1] tbe arnowlt of light that the third layer receives 
increases as the spacing of the layers increases (concurrendy with a decline in light for the 
second layer, see Figure l 4A) and (2] this duration of ligbt is probably the key to understanding 
whether or not the leaf is a net producef> . 

Of more interest is the actual light intensity falling on the leaf surface and how that intensity 
drives photosynthesis. lf a leaf ís not illuminated directly "face on", it does not receive as much 
intensity. As the angle varies from the normal (angle goes from O to 90~, the intensity falls as 
the cosine of the angle; as the intensity falls so does the photosynthetic rate. Figure 148 shows 
actuaJ calculated productivity (per leaf) as the angle varies from 90° (sunrise) to 0° (at noon) . 
Layer I receives aJl the illumination and reaches a maximum at noon. Layer 11, partially shaded 
by Layer 1, receives illurnination later in the day but reaches maximum at noon (see Figure 13 for 
the geometry). Its total production will be less than Layer l. Layer 111 receives sorne 
illwnination but never is the full leaf illuminated at any time and shadíng becomes severe at 
noon. It never becomes fully productive . 

Although these are very artificial situations, they do give insigbt on the orientations that are most 
critical for leaves and how they may arrange thernselves into "correct" layers for efficient 
producti vi ty . 

Continuing Experi.ments 

We continue to test our sap flow measurements against both actual water use from a pot and the 
total transpiration rate through the leaves as measured by the Licor 1600 steady state porometer . 
These data sets have yet to be fully evaluated and thus we cannot say as yet what problems may 

9 The total productivity of a Jeaf is e qua! to its photosynthesis o ver tbe entire area, when the leaf is illuminated less 
the rcspiration, which occurs throughout the day regardlcss of illumination. TbU3, thcre is a minimum duration of 
light, which can provide cnough pbotosynthetic carbohydrate to balance the loss through respiration . 
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exist. However, with small trees that have been pruned to a single branch, the water loss by sap 
flow measurements are within 200/o of the water loss measured by water addition. However, it 
seems that the Licor porometer does not measure the actual water loss very well . 

We are continuing our experiments with wind to lower the bounda.ry layer but have not yet 
obtained reproducible results lhal are statistically significant. We have traced the problem to the 
changes in stomata conductance dueto high water loss in the aftemoon and are modifying the 
protocol. 

We are continuing measurement of the assimilation with varied light intensity and duration by 
the use of trees within a controlled green house environrncnt in order to better define the rate of 
response of the stomata to relatively brief illwnination time of the leaves . 

We continue to develop models of productivity based upon how the microenvironment around 
the individual leaves affect the stomata conductance and how the conductance and the light 
intensity alter the leafs carbon productivity. This model will be a simple spread sheet that can 
be used to predict how the microenvironment in the field as measured by a few simple 
instruments can affect carbon fixation. lt is hoped that an individual small model can be used as 
a full tree model to yield predictions that will add to the ability of the grower to understand how 
certain treatments will affect hislher productivity . 
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Figure l. The Numbering Sequence for a Branch. The oldest leaf has the lowest 
number while the youngest leaf has the highest number. The physiology of leaves, 
which we wish to investigate, depends upon when the flush begins (denoted as when 
the fi rst leaf appears) and the time between the initiation points of each leaf 
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Figure 2. Calibration of Leaf Area by the Linear Dimensions of the Leaf. A, 
Calibration by Length and Width. B, Calibration by Length Alone. The sean area 
was that derived from the use of a Leaf Area meter, which rneasures the real area of 
the leaf by passing at a constant speed or by scanning, a leaf over a line of 
photodiodes, some ofwhich are eclipsed by the leaf The number of dark photodiodes 
over the scanned time represents the area A ruler measured the lengths and widths . 
The error points (shown in red) are the difference between the actual area and the 
calculated area The lines represent (for A) the actual area in cm2 equal to (for A) f x 
length x width or (for B) g x Jength2

, with both length and width in cm Both f and g 
are scale factors and vary with variety of avocado . 
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Figure 3. The Variation in the Width!Lengtb Ratio of Avocado Leaves. Leaf 
number was measured as shown in Figure l. The bars represent an error 
measurement (2 x standard error of the data, which was tbe leaves from three 
branches.) 
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Figure 4. Growth Curve for a Few Typical Avocado Leaves. The Leaf Area was 
calculated from the lengtb and width of the individualleaf. The "zero observation 
day" was Nov 13, 2003, wben the experiment was started, and is arbitrary. One of 
the crirical elements of the growtb curve is tbe ma.~imum size that the leaf reaches, 
as it is not absolutely the same for each leaf . 
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Fipre SA. Combined Leaf Measurements from One Shootlbranch of one Tree. The 
leaf area was scaled by the maximum size of the leaf and the zero plastochron day was 
set when the area was 50% of the maximwn area (see text for more details.). Here 15 
leaves from one branch were used. each leaf bad a different time shift (which was 
equivalen! to when the zero plastochroo day occurred. Fig. 58. The Logistic linear 
transformation of the leaf grow1h curve. Sorne of the data was taken from Figure 4 and 
transformed by Equation [3], see te>."1. 
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Figure 6. Logistic Paramelers from One Tree. The various parameters for the Logistic 
formulation are shown in the above panels. They have beeo detennined as described in 
Equation (3] and Figure SB for three brancbes of one tree. A. The maximum size of each 
leaf. B. The time required to reach 50% of the ma..ximum size, as measure of the 
plastochron day. The slope of tbe line represents the average time between initiation of 
eacb leaf and for this tree tbe time is 2.3 days between the initiation of each leaf on the 
three branches. However. each branch begins its initiation at a slightly different day 
(about 3-6 days variation). C & D. The two constant parameters of the Logistíc growth 
curv~growth rate (K) and point of initiation (proportionaJ toa) . 

82 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

cbange stable 
t~ture ~ture 

chamber 1 - 1 hour 15 min 
'1• In~-.. nlhc~J . 

11/13.ol 1 1- Terrp - RH l 
<40 .-'===~--====~ 75 

35 

~ 
G> 

:! 30 

j 
25 

20 35 
07 12 09:31! 12:00 1<4•24 HS 48 18 12 

Tlml!of Oay 

• time 

respirnuoo 

Figure 7. The Protocol for Growth Chamber Shifts in Temperature. These data 
were taken from a HOBO automatic sensing device placed withln the growth 
chamber at the leaf level. It represents temperature and relative humidity change 
during the course of a day-experiment when the temperature was being ramped up 
from 20C (68F) to 37C (97F). Note the lack of change of relative humidity . 
Respiration is measured witbin a few minutes of tbe leaf begin place in the dark 
(lD\der a black cloth), see Figure 6 . 
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FiEUre 8. EITect of Temperature upon the Photosynthetic Rate, Stomatal 
Conductance and Respiration Rate of avocado leaves. This is an example of a 
typical experiment in which 5 leaves are measured on two trees. The 
measurements were by a Licor 6200 system. The data points are an average of 
three rneasurements on one Jeaf for each temperature. The yellow line represents 
zero (which is off-set in sorne pJots) and the red line represents a "best-guess" line 
for the average of the data A, Average Photosynthetic rate. B, Average 
Conductance Rate. C, Average Respiration Rate . 
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Fi¡ure 9. Light Intensity at Each Leaf and lntemal CO, Concentration for Each 
Leaf in a Typical Experiment. Here the leaf number is arbitrary and represents 
merely a difTerent leaf. The intemal CO, coocentration (as giveo by assimilation 
divided by the conductance. vertical axis) is averaged over all temperatures for 
these experiments. These measurements are done within a growth charnber and 
thus each leaf is a1 a slightly different level (distance from lights) and so 
experience different light intensities (as given by the dotted line) . 

(CO 
1 -t-.-- 1 ~ornato . 

[ ~[COzJ.n 
Bulk fi.Jr : Boundary fi.Jr lntemal Air 

¡ ~IHPln 

[H¡OJ..~ l teaf 
total tlow is: 
8T = 8s 8t, 1 <ss + Sb) 

Photosynthesis rate =g'r {[C02 lout -[C02 ln } 

Transpiration rate = gr {[H20 ] ., -[H20 1out } 

Figure 10. Movement of water vapor from inside to outside lhe leaf. The varied 
transition rones are indicated by name and conductance (&) as lhe top two lines, 
while the regions of "constant'' gas concentration are shown as the tbird line. The 
bottom line indicates a possible concentration of the ~as within each region C(h 
movement is shown by the red line and equation whale H2Ú movement is shown 
by the green line and equation . 
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Ficure ll . The Dependence of lntemal co. Concentration lpon the Air 
Temperature. The interna! CO, is calculated as described in Figure 10 and by 
Equation ( 12] in the text. The air temperature is that temperature measured next 
to the leaf that is being measured by the Licor. Here the zero point of the 
vertical axis (photosynthetic rate 1 stomata conductance) is equal to the ambient 
concentration of C<h (generally near 380 ppm). This value is the lowering of 
the arnbient C{h due to lhe uptake of C(h due to photosynthesis. Note that by 
37 C (98F) there is little or no photosyntbesis occurring . 
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Figure 12. Leaf Surface Temperature as Measured by an lnfra-Red Camera An 
lnframetrics IR camera was used to record the surface temperature with the image 
being captured with a VCR. The image was captured using Dazzle Digital Video 
Creator Irnage capture interface and software. A Hass avocado leaf was used in a 
green house at él1 air temperature of about 28 C at lOAM . 
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Fipre 13. Two Dimensional Model of a Canopy Structure 60 = arctan (20 1 L) 
e· = arctan(DIL) with D. The inteosity of light (1) is equal to the intensity at the 
ma.ximwn (from the top) times the Cos(O). For more details see tex.t. 
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Fi¡ ure 14. Data from the Model of Figure 13. A. Oependence of Productivity 
Upon Leaf Layer Spacing. Amot.mt of illumination is with respect to layer J. The 
size of the leaf was constant at lO cm B. Oependence of Productivity U pon 
Illumination Angle. The leafwas taken as 10 cm on the side (L) with a spacing 
(O) of 3 cm. The photosyn1hetic productivity was calculated as A = A,u.x [1] 1 {K + 
[f]}, \vbere A = assimilation rate and Aawt = maximum rate at 20 ~moles/cm2 area 
sec. The surface intensity (1) is in units of ~les /m2 sec with its maximum being 
full sunlight and K is a half--saturation coefficient of about 20% full sunligbt 
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James, D. Scafer, G. Brown, R. Haluza, R. Scora, J. Menge, D. Crowley, M. Clegg, M. 
Koyabashi, J. Morse, M. Hoddle, 
G. Bender, B. Faber, P. Mauk, N. O'Conne/1, G. Thorp, A. Ben-Ya 'acov, M. Zilberstaine 
and on-farm cooperators 

Benefit to the lndustry 

This project will help to maintain and enhance the California avocado industry by 
introdudng consistently heavier producing, high-quality avocado varieties, better 
pollenizer varieties, and improved rootstock hybrids. lncreasing the genetic diversity of 
varieties will decrease the risk of majar pest and disease invasions on a susceptible 
monoculture . 

Objectives 

A To produce new avocado varieties, superior to 'Hass' in consistent productivity and 
postharvest fruit quality and marketability, with fruit of optimum maturity and size 
year-round. This incJudes determining the different cultural needs of each cultivar . 

B. To collaborate with other researchers wor1dwide in evaluating and exchanging 
promising plant material. 

C. T o collaborate with Dr. Menge (Dept of Plant Pathology, UCR), and Dr. Crowley on 
rootstock selection and evaluation for both root rot resistance and salinity tolerance . 
Collaborate with Dr. Menga and Dr. Thorp on identification and evaluation of 
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dwarfing material. 

D. To assist Dr. Mike Clegg on coordination of pollinizer research plots . 

E. T o assist Drs. Morse and Hoddle on identifying plant material tolerant to Persea mite 
and the avocado thrips . 

F. To maintain and improve the CAS variety block and the Persea germplasm block 
located at the UC South Coast Research and Extension Center. 

G. To insure the timely and effective dissemination of information developed from this 
research program . 

Summary 

A. To produce new avocado variettes, superior to 'Hass' In conslstent productivity 
and postharvest fruit quality and marketabllity, wlth frult of optlmum maturity and 
slze year-round. This includes detennlning the different cultural needs of each 
cultivar . 
This is the primary objective of the breeding program. To this end, during the last year 
we contactad all cooperators on record who have test material. These initial contacts 
are being followed up this current year with field visits and site evaluations. In Spring 
1998 we are initiating further cooperator trials at the following sites: San Luis Obispo, 
Santa Paula, Moorpark, Fallbrook and Highland Valley. These trials will have the most 
promising selections topworked onto existing field trees in replicated trials and include 
BL667 (Nobel), BL516 (Marvel), RT5176, BL1058, 3-29-5 (Gem), N4 (-) 5 (Harvest), 
OA 184. The Moorpar1< site will be designad as a pollinizer site to test the usefulness of 
sorne of the new selections as pollinizer varieties for 'Hass' and 'Lamb Hass'. We are 
also expanding the plantings at the UC South Coast Research and Extension Center 
(SCREC) in lrvine. These expansion planUngs will allow us to evaluate a number of the 
new selections similar to the new cooperator trials. In October 1997 we bagan collecting 
dry weight information at 2 to 3 week intervals on the following varieties: 'Marvel', 
'Nobel', 'Gem', 'Harvest' , 'Hass', 'Lamb Hass', 'Pinkerton', 'Regal', OA184 and 'Sir Prize' . 

With the assistance of Dr. Allan Dodds (Dept. of Plant Pathology, UCR) we have 
initiated a sunblotch testing protocol on trees at the SCREC. Samples from all fields 
assigned to this program have been tested. Priority is being given to trees that are used 
as a budwood source. A second priority is the testing of trees that were susped due to 
growth habit. Forty-nine trees have been testad so far and only 2 trees have tested 
positiva (susped trees). In another field whid1 we are using for budwood. we have 
tested 18 trees (all negative). We have tested at least 3 trees for each unreleased 
variety represented in Field 4 at South Coast and will continua to test until all the trees 
have been cleared . 

A major effort during this last year has been the establishment of a database that 
indudes all trees at SCREC and UCR. Each tree has been given its own unique 
identification number and a way to track budwood from individual trees has been 
induded in the database. The notes and observations which Mr. Martin left upon his 
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departure have also been incorporated into the database as well as the notes taken by 
the Volunteers assisting the program . 

B. To collaborate with other researchers worldwide in evaluating and exchanging 
promislng plant material. 

We have initiated discussions with other avocado selection programs regarding 
receiving interesting and promising material. 

C. To collaborate with Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. 
Crowley on rootstock selection and evaluation for both root rot resistance and 
sallnity tolerance. Collaborate with Dr. Menge and Dr. Thorp on identification 
and evaluatlon of dwarfing material. 

In Spring 1998, we will be topworking trees of various clonal rootstocks to the 'Lamb 
Hass' variety. This will allow us to assess its performance on selected rootstocks. We 
are planning a new clonal rootstock trial (to be plantad in 1999) that will be plantad at 
SCREC with Dr. Menge. The 'Hass' and the 'Lamb Hass' will be included in this trial on 
selected d onal rootstocks. A clonal rootstock trial will be planted in Spring 1998 in the 
San Joaquín Valley. This tríal will use the 'Sir Prize' as the scion variety. Three sites will 
be used, UC Lindcove Research and Extension Center in E.xeter, Cutler-Orosi and 
Porterville. We continua to collaborate with Dr. Crowley in his salinity research. An 
interstock trial using Colín V-33 will be planted in Fallbrook in Spring 1998. The trees 
will not be grafted to a scion varíety until Spríng 1999. We are consideríng at this time to 
use the 'Lamb Hass' when the trees are grafted . 

O. To assist Dr. Mike Clegg on coordination of pollinizer research plots . 

As noted above, one of the new experimental sites being established this spring will be 
a pollinizer study. We continue to discuss with Dr. Clegg ways to incorporate the B 
flower type selections into an organizad research program to evaluate the value of 
outcrossing and which pollinizers to utilize . 

E. To asslst Ors. Morse and Hoddle on identifying plant material tolerant to 
Persea mite and the avocado thrips • 

We have not initiated any activities with this objective. Dr. Xuan Liu, however, has 
initiated preliminary studies to compare the photosynthetic activity of the 'Lamb Hass' 
(tolerant to Persea mite) to the 'Hass' varíety . 

F. To maintaln and improve the CAS variety block and the Persea germplasm 
block located at the UC South Coast Research and Extenslon Center . 

An accurate plot map has been generated for the CAS Variety Block. We have 
purchased a pole pruner and plan to begin a block rejuvenation by topping all trees to 
approximately 15 feet. This will allow us to manage the block more efficiently . 
Additionally we have dedded to maintain only 2 trees of each varíety. This will allow us 
to continua to expand the colledion within the allotted space. We are also planning, in 
conjunction with Dr. Menge, to include representativa trees of major rootstock varieties . 
This over time will serve as a source of budwood and identification material for growers. 
The volunteers have been instrumental in maintaining this block . 

We are continuing our efforts to expand and improve the Persea germplasm block. Part 
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of this effort includes the repropagation of material collected by Dr. Zentmyer which is 
planted elsewhere at SCREC . 

G. To lnsure the timely and effectlve dissemination of lnformation developed 
from thls research program . 

Mr. Stottlemyer is working on the development of a web site for the breeding program . 
This web site will include information on varieties and rootstocks. We have requested a 
number of avocado growers to preview the web site to provide suggestions prior to 
releasing the address for general use . 
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Enhancement of Avocado Productivity 

1. Plant lmprovement - Selection and Evaluation of lmproved Varieties and 
Rootstocks 

Continuing Project; Year 3 of20 

Project Leader: Mary Lu Arpaia (559) 646-6561 
e-mail: mary. arpaia@ucr. edu 

Dept. oj Botany and Plant Sciences, UC Riverside 
Kearney Agricultura/ Center, 9240 S. Riverbend Ave., Parlier, CA 93648 

Cooperating Personnel: D. Ston/emyer, P. Robinson, M Mickelbart, W. Manor, J. S . 
Reínls, Jr., J. Frink, l. Barkman, F. James, D. Scafer, G. Brown, R. Scora, J. Menge, D . 

Crowley, M Clegg, M Hoddle, B. Faber, A. E. Fetscher and on-farm cooperators 

Benefit to tbe lodustry 

This project will help to maíntain and enhance the California avocado industry by 
introducing consistently heavier producing, high-quality avocado varieties, better 
pollinizer varieties. and improved rootstock bybrids. lncreasing the genetic diversity of 
varieties will decrease the risk of major pest and di sea se invasions on a susceptible 
monoculture . 

Objectives 

A. To produce new avocado varieties, superior to 'Hass' in consistent productivity and 
postharvest fruit quality and marketability, with fruit of optimum maturity and size 
year-round. This includes determining the different cultural needs of each cultivar . 
lndex trees for distribution for sunblotch viroid with assistance ofDrs. Allan Dodds, 
Jim Heick and Deb Matthews . 
B. To collaborate with other researchers worldwide in evaluaüng and ex:changing 
promising pJant material. Provide material to Drs. Richard Litz and Witjaksono from 
the University of Florida upon request . 
C. To collaborate with Dr. Menge and Dr. Crowley on rootstock selection and 
evaluation for both root rot resistance and salinity tolerance . 
D. Evaluate the potential of new and established cultivars (B flower types} for use as 
pollinizers in collaboration with Drs. Ben Faber and Betty Fetscher; assist Dr. Mike 
Clegg on coordination of pollinizer research plots as requested . 
E. To assist Drs. Morse and Hoddle oo identifying plant material tolerant to Persea mite 
and the avocado thrips as requested . 
F. To maintain and improve the CAS variety block and the Persea germplasm block 
located at the UC South Coast Research and Extension Center . 
G. To insure the timely and effective dissemination of information developed from this 
research program . 

Summary 
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A. To produce new avocado varieties, superior to 'Hass' in consisteot productivity 
and postharvest fruit quality and marketability, witb fruit of optimum maturity 
and size year-round . 

Field Trials. This is the primary objective ofthe breeding program. Since 1998 we 
ha ve established the following cooperator trials: 

Topworked Iríais al Non-UC Sites 
Santa Pauta (Ventura County)- 1998 
'GEM', 'Harvest', 'SirPrize', 'RT5176', 'OA184', 'Marvel', 'Hass'; 10 replicates 

De Luz Canyon (San Diego County) - 1998 
'Lamb Hass', 'SirPrize', 'GEM', 'OA184', 'Marvel', '5-552', 'Nobel', 'Hass', 'Harvest'; 10 
replicares. 
Approximately 80 'GEM' trees divided roughly into 3 groups at the cooperator site . 

San Luis Obispo (San Luis Obispo County)- 1998 (Trees sutfered from freeze in 12/98 
necessitating re-grafti ng of sorne selections in 1999 . 
'RT5176', 'Hass', 'SirPrize', 'GEM', 'Harvest', 'OA184'; 9 replicates 

Rainbow (San Diego County) 
1997 Trial : 2 'GEM', 2 'Nobel', 2 'Harvest', 3 Marvel', 2 'BL3 12' 
1998 Tri al : Provided budwood for 40 trees each of 'GEM' and 'Harvest' and 20 trees of 
'Lamb Hass' with the plan ofhaving 10 replicates. Actual field grafting was not done 
according to UC request . 

'Nobel' trees at UC Soutb Coast REC- 1!J!J8 
20 clonal trees: 8 planted in Field 4; 12 planted in Field 46. Purpose oftrees is a) 
budwood and b) fruit source . 

Topworked trees al UC, Ríverside Campus - ongolng 
Replacement trees in Field 1 O 

San Joaquín VsUey Vsriety Trial -1!J9!J at two sites (Porterville, Llndcove) witb 
"new trees" 
All on Thomas Roostock; 'SirPrize' 'Lamb Hass', 'Harvest', 'GEM', 'Nobel', 'Marvel', 
'Pinkenon', 'Fuene', and 'Zutano' 

Yield data from unreleased material. We have collected sorne yield data from Field 4 
at the UC SCREC (UC South Coast Research and Extension Center) (Figure I). The 
2000 yield data is still being coUected and may cbange slightly from what is presented . 
In 1998 - 1999 'Harvest' had the highest yield followed by 'Marvel' (BL516) and 'GEM' . 
'Sir Prize' and 'OA184' had the poorest yield. In this current season preliminary data 
indicate that 'Harvest' has very lin le fruit (indicating alternate bearing) whereas 'GEM' 
appears to have good crop . 

Dry Weight Tracking. Figure 2 presents the trends in dry weight for the 'GEM' at the 4 
testing sites (UC SCREC, UCR. De Luz, San Luis Obispo). This data shows similar 
trends at all sites throughout the season. Tbe comparison of dry weight changes for the 
'GEM' as compared to the 'Hass' for the UCR and UC SCREC sites are presented in 
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Figure 3. One can see that the two cultivars track very closely with each other. Figure 4 
presents data similar to Figure 3 for the 'Marvel' (BL516) selection compared to 'Hass' . 
There appears to be sorne difference at the UCR site between the 'Marvel' and 'Hass' . 
Figures 5 and 6 presents data for the 'Nobel' (BL667) at 3 sties and as compared to 
'Hass', respective! y. We have al so collected dry weight data for the Harvest' selection 
which is presented in Figure 7. Note that as compared to the other selections, that tbe 
'Harvest' has lower overall dry weight even in the late season. Finally, Figure 8 shows a 
comparison of 6 varieties from the ACW Ranch in De Luz Canyon from March through 
September 2000 . 

New Material for thc Breeding Program. We have planted approximately 220 
seedlings from mixed maternal sources to provide material for the "next generation" of 
avocado selections. This was accomplished following consultation with Drs. Bob Bergh 
(UCR) and Uri Lavi (Volcani Institute, Israel). The trees were planted in Spring 2000. 
We are collecting additional seed material this year and hope to planta similar number 
of seedlings in 2001 . Additionally we have established a series of"isolation" blocks at 
UCR for generating additional seed material for the future (parents selected following 
consultation with Dr. Bob Bergh) . 

Suoblotcb indexing. A section ofField 46 at UC SCREC tested positive for the 
sunblotch viroid. These trees were removed in March 2000. We ha ve conducted a 
preliminary indexing ofthe 225 seedlings due to be planted at UC South Coast REC. 
One group of 15 trees tested as a weak possible positive and Dr. Dodd's group hopes to 
do further testing with this group oftrees. The remainder of these seedlings will be 
planted out in Spring 2000 as outlined above . 

Table l. Listing of rootstock material acquisition from Israel . 

Obtained 
VCA May '99 March '00 
6 X 
7 X 
15 X 
26 X 
28 X 
31 X 
40 X X 
49 X X 
51 X 
65 X X 
66 X X 
75 X 
803 X 
804 X 
817 X X 
828 X 

B. To colJaborate with otber researchers worldwide in evaluating and exchanging 
promising plant material. 
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Introduction of new germplasm. In May 1999 D. Stottlemyer, T. Chao and M. L . 
Arpaia visited Israel. One of our objectives was to visit with Dr. A Ben-Ya'acov to 
review the status oftbe various rootstock selections which he had made over the years . 
In May 1999 M . L. Arpaia brought material from 5 select ions plus budwood of the 
'Ardith' and the 'Gil'. M. L. Arpaia revisited Dr. Ben-Ya'acov in Marcb 2000 and 
obtained additional material as listed in Table l . Budwood from the 5 selections 
obtained in May 1999 was al so once again acquíred. This material will be in quarantine 
for 2 years before it can be released for field testing. We have tested this material for the 
presence or absence of sunblotch. The VC49 selection (introduced in 3/00) has tested 
positive and we are currently waiting for indexing results from Israel. 

We have continued to supply material to Dr. Richard Litz's program in Florida on an 
on-going basis during early fruit development. We are also supplying fruit and plant 
material to other researchers when requested . 

C. To collaborate with Dr. Menge (Dept of Plant Pathology, UCR), and Dr . 
Crowley on rootstock selection and evaluation for botb root rot resistaoce and 
salinity toleraoce . 

In Spring 1998 we topworked trees in tbe old 'Gwen' rootstock tria! to the 'Lamb Hass' 
variety. This will allow us to assess its performance on the following roostocks: G755A, 
G755B, G755C, Toro Canyon, Borchard, Duke 7, 0 9, Thomas, Topa Topa. The "tak:e" 
in this tria! has been mixed but we have successfuUy established sufficient trees for 
evaJuation. We planted a new clona! rootstock tria! at UC SCREC with Dr. Menge in 
Spring 1999. The 'Hass' and the 'Lamb Hass' are included in this tria! on selected clonal 
rootstocks (Hass' on Day, Duke7, Dusa, Evstro, G755A, Parida, PP4, Spencer, Thomas, 
Toro Canyon; 20 replicates 'Lamb Hass' on Da y, Duke 7, Evstro, Thomas, Toro 
Canyon; 20 replicates) . 

A clonal rootstock trial was planted in Spring 1998 in the San Joaquin Valley. This trial 
used the 'Sir Prize' as the scion variety. Three sites were planted: UC Lindcove Research 
and Extension Center in Exeter, Cutler-Orosi and Porterville. Unfortunately these 
research sites were greatly affected by the December 1998 freeze. AJthough the trees are 
still in the ground, we anticípate that we will terminate the Cutler-Orosi site and 
possibly the Lindcove REC site. The trees in Porterville appear to have survived and we 
hope to collect. reasonable information from this site . 

We continue to collaborate with Dr. Crowley in his salinity research . 

D. Evaluate the poteotial ofnew and established cultivan (D flower types) for use 
as pollinizers in collaboratioo witb Drs. Den Faber and Betty Fetscher; assist Dr • 
Mike Clegg on coordínation of poUinizer researcb plots as requested • 

Pollioizer Trials. In conjunction with Ben Faber we established a pollinizer site in 
Ventura County (Oxnard) in Spring 1999. The varieties included in this trial are 
'Ettinger', 'Fuerte', 'Bacon', 'Zutano', 'Harvest', 'SirPrize', 'Nobel' and 'Marvel'. There are 
60 trees of each variety divided into 6 replicates of 1 O trees ea ch. The trees in this trial 
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have been incorporated into tbe Avocado Pollination and Bee Biology project headed 
by Drs N. Waser and B. Fetscher. Ben Faber and M. L. Arpaia also established a site in 
Ventura County (Somis) loolcing at the distance from the pollinizer row vs. yield and 
now have 3 years ofyield data (no significant trends observed). Finally we established a 
pollinizer triaJ in San Luis Obispo County using 'Bacon', 'Nobel' (BL667), and Marvel' 
(BL516) with 7 replicates of each in Spring 1998. This triaJ was atfected by the 12/98 
freeze and required somre-working ofthe trial trees. We hope to begin collecting data 
from this trial in 2001 . 

We continue to discuss with Dr. Clegg ways to incorporate the B flower type selections 
into an organized research program to evaluate the value of outcrossing and which 
pollinizers to utilize and to díscuss future directions for the breeding program . 

E. To assist Dn. Morse and HoddJe on identifying plant material tolerant to Persea 
mite and the avocado tbrips . 

We have not initiated any activities with this objective. Mr. Stottlemyer has coordinated 
sorne activities with Dr. Hoddle, namely providing plant material fo.- Dr. Hoddle's 
laboratory testing . 

F. To maintain and improve tbe CAS variety block and tbe Penea germplasm 
block located at tbe UC Sootb Coast Researcb and Extension Center . 

An accurate plot map has been generated for the CAS Variety Block. Any changes to 
the planting are being recorded in the master data base maintained by David 
Stottlemyer. The volunteers have been instrumental in maintaining this block. Several 
new and/or historical varieties are being grafted on an on-going basis by the volunteers . 
We are al so in the process of establishing the capability of growing clonal trees on a 
small-scale for the breedíng program. This is being done using the greenhouse facilities 
at UC SCREC. 

G. To insure the timely and effective dissemination of informal ion developed from 
this research program • 

The avocado website at www.ucavo.ucr.edu has been on-line since Juoe 1998. The site 
continues to be updated with new information and photographs of different varieties . 
Questions sent vía e-mail are answered on an ongoing basis . 

Figure 1. Field 4 Variety Trial at UC SCREC in lrvine, CA. Average number of.fiuit 
per tree for 1999 and 2000 . 
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Figure 2. The average percent dry matter for 'GEM' for four sites from 12/99 to 9/00 . 
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Figure 3. The changes in dry weight for 'Hass' and 'Gem' from UC SCREC and UCR. 
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Figure 4. The changes in dry weigbt for 'Hass' and 'Marvel' from UC SCREC and UCR . 
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Figure 5. The average percent dry matter for 'Nobel' for three si tes from J 2/99 to 9/00 . 

~~----------------------------------------------
3!5 ........... ····---· ....... ~--- ..... ~----· • --------· • ·-· -... . ... ·---..... ·-

-e- SC REC BlM' 

_._ UCR 8L667 

• ............................ ··---- ··-------. .......... •••• _.,. N::.W BIM?' ......... . 
'----------' 

1 
S 1 1 1 1 

l>ñs 

Figure 6. The changes in dry weight for 'Hass' and 'Nobel' from UC SCREC and UCR. 
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Figure 7. The average percent dry matter for 'Harvest' for three sites from 12/99 to 9/00 . 
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lmproved Varieties and Rootstocks 
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Mary Lu Arpaia 
Dept. of Botany and Plant Sciences, 

UC Riverside 
Keamey Agrtcultural Center, 

9240 S. Riverbend Ave., 
Partier, CA 93648 

Cooperating Personne/: D. Stottlemyer, P. Robinson, X. Liu, W. Manor, C. Reints, J. 
Frink, l. Barkman, F. James, D. Scafer, G. Brown, R. Scora, J. Mengel D. Crowley, M. 
Clegg, M. Koyabashi

1 
J. Morsel M. Hodd/e, G. Bender, B. Faber, P. Mauk, N. O'Conne/1, 

G. Thorp, A. Ben-Ya'acov, M. Zilberstaine and on-farm cooperators 

Beneflt to the lndustry 

This project will help to maintain and enhance the California avocado industry by 
introducing consistently heavier producing, high-quality avocado varieties, better 
pollinizer varieties, and improved rootstock hybrids. lncreasing the genetic diversity of 
varieties will decrease the risk of major pest and disease invasions on a susceptible 
monoculture . 

Objectives 

A. T o produce new avocado varieties, superior to 'Hass' in consistent productivity and 
postharvest fruit qualíty and mark.etability, with fruit of optimum maturity and size 
year-round. This includes determining the different cultural needs of each cultivar . 

B. To collaborate with other researchers wortdwide in evaluating and exchanging 
promising plant material. 

C. To collaborate with Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. Crowley on 
rootstock selection and evaluation for both root rot resistance and salinity tolerance . 
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Collaborate with Dr. Menge and Dr. Thorp on identification and evaluation of 
dwarfing material. 

D. To assist Dr. Mike Clegg on coordination of pollinizer research plots . 

E. T o assist Drs. Morse and Hoddle on identifying plant material tolerant to Persea mite 
and the avocado thrips . 

F. To maintain and improve the CAS variety block and the Persea germplasm block 
located at the UC South Coast Research and Extension Center. 

G. To insure the timely and effective dissemination of information developed from this 
research program . 

Summary 

A. To produce new avocado varieties, superior to 'Hass' in consistent productivity 
and postharvest fruit quality and marketabllity, with fruit of optimum maturity 
and size year-round. This includes determlnlng the different cultural needs of 
each cultivar . 

This is the primary objective of the breeding program. To this end, during 1998 we 
contacted all cooperators on record who have test material. These initial contacts are 
being followed up this current year with field visits and site evaluations. In Spring 1998 
we initiated further cooperator trials at the following sites: 

Topworked trials at Non-UC Sites: 

Santa Paula (Ventura County) 
'GEM', 'Harvest', 'SirPrize', 'RT5176', 'OA 184'. 'Marvel', 'Hass'; 1 o replicates 

De Luz Canyon (San Diego County) 
'Lamb Hass', 'SirPrize', 'GEM', 'OA184', 'Marvel', '5-552', 'Nobel', 'Hass', 
'Harvest'; 10 replicates 

San Luis Obispo (San Luis Obispo County) 
'RT5176', 'Hass', 'SirPrize', 'GEM', 'Harvest', 'OA184'; 9 replicates Pollenizer trial 
using 'Bacon·, 'Nobel' , 'Marvel'; 7 replicates 

Rainbow (San Diego County) 
1997 Trials: 2 'GEM', 2 'Nobel', 2 'Harvest' , 3 'Marvel', 2 'BL312' 
1998 Trial: Provided budwood for 40 trees each of 'GEM' and 'Harvest' and 20 
trees of 'Lamb Hass' with the plan of having 10 replicates. Actual field grafting 
was not done according to UC request. 

Topworked trials at UC South Coast REC 

'Lamb Hass' trial ; used 'Gwen· rootstock trial; G755A, G755B, G755C, Toro 
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Canyon, Borchard, Ouke 7, 09, Thomas, Topa Topa; 12 replicates 

Nobel' trees at South Coast REC 

20 clonal trees: 8 planted in Field 4; 12 planted in Field 46. Purpose of trees is a) 
budwood and b) fruit source . 

Topworked trees at UC, Riverside Campus 

Replacement trees in Field 10 

Our plans for 1998 -1999lnclude: 

De Luz Canyon (San Diego County) 
100 GEM trees 
Pollinizer Trials 

Oxnard (Ventura County) 
New trees; 'Ettinger'. 'Fuerte', 'Bacon', 'Zutano', 'Harvest', 'SirPrize', 'Nobel' and 
'Marvel'; 60 trees of each, design not established 

San Joaquín Valley Variety Trial 
All on Thomas Rootstock; 'SirPrize' 'Lamb Hass', 'Harvesr, 'GEM', 'Nobel', 
'Marvel', 'Pinkerton', 'Fuerte', and 'Zutano'; 3 sitas, will approximate sama design 
as trials established in 1998 

UC South Coast REC Field 46 
Field graft Duke 7 trees with unreleased varieties in Spring 1999 

With the assistance of Dr. Allan Dodds (Dept. of Plant Pathology, UCR) we initiated a 
sunblotch testing protocol on trees at the SCREC in 1997. Samples from all fields 
assigned to this program have been tested. Priority is being given to trees that are used 
as a budwood sources. A second priority is the testing of trees that were suspect due to 
growth habit. A section of field 46 suspected of having sunblotch has testad positiva . 
Several trees unique to this section have tested negative and budwood will be removed 
in order to save these varieties for further variety evaluations. As soon as this is done . 
the trees in this section of field 46 will be removed. In field 4, we have checked 73 trees 
and all have testad negativa for the sunblotch viroid . 

We have al so continuad to supply material to Dr. Richard Litz's program in Florida on an 
on-going basis during ear1y fruit development. We are also supplying fruit and plant 
material to other researchers when requested . 

B. To collaborate with other researchers worldwlde in evaluating and exchanging 
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promising plant material . 

We have initiated discussions with other avocado selection programs regarding 
receiving interesting and promising material. We are planning visits to Israel in Spring 
1999 and to South Africa in Summer 1999 . 

C. To collaborate with Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. Crowtey 
on rootstock selection and evaluation for both root rot resistance and salinity 
tolerance. Collaborate with Dr. Menge and Dr. Thorp on ldentification and 
evaluation of dwañing material. 

In Spring 1999 we topworked trees of various clonal rootstocks to the 'Lamb Hass' 
variety. This will allow us to assess its performance on selected rootstocks. We are 
planning a new clonal rootstock trial (to be planted in Spring 1999) that will be plantad at 
SCREC with Dr. Menge. The 'Hass' and the 'Lamb Hass' will be included in this trial on 
selected clonal rootstocks ('Hass' on Day, Duke7, Dusa, Evstro, G755A, Parida, PP4, 
Spencer, Thomas, Toro Canyon; 20 replicates 'Lamb Hass' on Day, Duke 7, Evstro, 
Thomas, Toro Canyon; 20 replicates) . 

A clonal rootstock trial was planted in Spring 1999 in the San Joaquín Valley_ This trial 
u sed the 'Sir Prize' as the scion variety. Three si tes were planted: UC Lindcove 
Research and Extension Center in Exeter, Cutler-Orosi and Porterville. Unfortunately 
these research sites were greatly affected by the December 1998 freeze. Although the 
trees are still in the ground, we anticipate that we will tenninate the Cutler-Orosi site and 
possibly the lindcove REC site. The trees in Porterville appear to have survived and we 
hope to collect reasonable information from this site . 

We continue to collaborate with Dr. Crowley in his salinity research. An interstock trial 
using Colín V-33 was planted in Fallbrook in Spring 1998. The trees will be grafted toa 
scion variety ('Hass') in Spring 1999 . 

D. To assist Dr. Mike Clegg on coordination of polllnizer research plots . 

We in conjunction with Ben Faber are establishing a pollinizer site in Ventura County 
(Oxnard) hi Spring 1999. We have also established a site in Ventura County (Somis) 
looking at the distance from the pollinizer row vs. yield. We hope to have fruitlets 
analyzed from this site {pending Year 2000 funding from the Hansen Trust). We 
continue to discuss with Dr. Clegg ways to incorporate the B flower type selections into 
an organized researeh program to evaluate the value of outcrossing and which 
pollinizers to utilize and to discuss tuture directions for the breeding program . 

E. To assist Drs. Morse and Hoddle on identifying plant rnateñal tolerant to 
Persea mite and the avocado thrips . 
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We have not initiated any activities with this objective. Mr. Stottlemyer has coordinated 
some activities with Dr. Hoddle, namely providing plant material for Dr. Hoddle's 
laboratory testing . 

D. To maintain and improve the CAS variety block and the Persea germplasm 
block located at the UC South Coast Research and Extenslon Center . 

An accurate plot map has been generated for the CAS Variety Block. Any changas to 
the planting are being recorded in the master data base maintained by David 
Stottlemyer. Several new and/or historical varieties have been grafted onto rootstock 
material. We purchased a pole pruner in 1998 and are beginning to top trees in both 
Field 44 (CAS Variety block) and Field 46 (Breeding Block) to approximately 15 feet. 
This will allow us to manage the block more efficiently. We are still planning, in 
conjunction with Dr. Menge, to in elude representativa trees of majar rootstock varieties . 
This over time will serve as a source of budwood and identification material for growers . 
The volunteers have been instrumental in maintaining this block . 

We are continuing our efforts to expand and improve the Persea germplasm block. Part 
of this effort includes the repropagation of material colleded by Dr. Zentmyer that is 
plantad elsewhere at SCREC. We are also maintaining some plant material at UCR in 
the greenhouse. Some of this material will be plantad at SCREC, others will be 
maintained on campus . 

G. To lnsure the timely and effective dissemination of information developed 
from this research program . 

The avocado web site at: www.ucavo.ucr.edu has been on-line since June 1998. The 
site continuas to be updated with new information and photographs of different varieties . 
Questions sent via e-mail are answered on an ongoing basis . 
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Enhaocemeot of Avocado Productivity . 
l. Plant lmprovement - Selection and Evaluation of 

Improved Varieties and Rootstocks 

Continuing Project; Y ear S of 20 

Project Leader: Mary Lu Arpoia (559) 646-6561 
e-mail: mary.arpaia@ucr.edu 

Dept. ofBotany and Plant Sciences, UC Riverside 
Keamey Agricultura/ Center, 9240 S. Riverbend Ave., Par/ier, CA 93648 

Cooperatfng Perscnnel : D. Stoolemyer, P. Robinson, M. Micke/lxm , W. Manor, J. S. Refms, Jr. , 
J. Prlnk, l. Barkman, F. James, D. Scafer, G. Brown, R. Scora, J. Menge, D. Crow/ey, M. Clegg, 

M . Hoddle, B. Faber, A. E. Petscher and on";/arm coopera/or11 

Benefit to the lndustry 

This project Wlll help 10 mainlain aro enhance lhe Califoroia avocado indusuy by tnlroducing consist.ently beavier 
producing, high-quality avocado varieties, beuer polli.Dizer varieúes. and improved rootstock bybrids. lncreasing lhe 
genetic divcrnty of vnricties wi11 dccrease the risk of major pest and diseasc iJ1VIlsions on a susceptible monoculture . 

Objectives 

A. To produce new avocado varieties, superior to 'Hass' in consistent productJvity and postbaJvest fmit quality and 
mrletability, with fruit of optimwn maturity and síze year-round. Tbis includes deten:nini:Dg the ditfcrent 
cultural nceds ofcach cultivar. lndex tn:es for distnbution for sunblotcb viro id with nssistaocc ofDrs. Allan 
Dodds, Jim Hoick and Deb Mathows . 

B. To collaborate with otber re968l'Cbers worldwide in evalllllting and exchangins promi~ing plant material. 
Provide material to Drs. Richard LiiZ and Witiaksono from the University of Florida upon req~st. 

C. To collabo(tlte witb Dr. Menge and Dr. Cro'"'1ey on rootstock selection and ovaluation for both root rot 
rcsistance nnd salinity tolerance . 

D. Evaluate the potential of new am established cultivars (B fiower types) for use as pollinizers in collnboration 
with Drs. Ben Fabcr and Betty Fetscher, assist Dr. Míke Clegg on coordínation of pollinizcr researcb plots as 
requestcd . 

E. To assist Ors. Morse and Hoddle on identi.f)'ing plant material tolemnt to Pcrsea mi te and the avocado thrips as 
n:questcd . 

F. To ID4intain and improve the CAS variety block and the Pcrsca gcrmplosm block IOC4ted at the UC South Coast 
Rcscarch IUld Extension Center . 

G To iruure the timely and effecth'e dissanination of information developed from this research prognun. 

Summary 

A. To prodac:e new avoaulo n rietieJ, superior to 'HaSJ' IJa c:onslstent produc:tJvlty and postbarvest fru.it 
q uaUty and marketabUity. tfitb fru it of opCimu m m aturity a nd size yea~rou..a d. 

Fleld Trials. This is the primary objectiveoftbe breeding program. Tbe following are the coopcrator trials: 

4) 
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TOIZHO{ked /ril/3 atNoa-UC Sites 
Santa Paula (Ventura County)- 1998 

'GEM', 'Harvest', ' SirPrize', 'RT5176', 'OA184', ' Ma.rvel ', 'Hass'; JO replicates 

De Luz Canyon (San Diego Cotmty)- 1998 
' Lamb llass', 'SirPrize', 'GEM', 'OAI84', 'Marvel', '5--552', ' Nobel', ' Hass', ' Harvest' , 10 replícates . 
Approx:imately 80 'GEM' trees dívided roughly into 3 groups at the cooperator site . 

San Luis Obispo (San Luis Obispo County)- 1998 (frees suffen:d from f.rc:e-a iul2/98 nccessiwting re-grniling of 
sorne sclections in 1999 . 

' RT5176' , 'Hass', ' SirPrize', 'GEM', ' Harvest' , 'OA1&4'; 9 replicates 

R.ainbow (San Diego County) 
1997Trial: 2 'GEM', 2 'Nobel', 2 'Harvest', 3 'MaiVel', 2 'BL312' 
1998 T rial: Provided btrlwood for 40 trees eacb of 'GEM' and • HaJVest' and 20 trees of 'Lamb Hass' witb 
t.he plan of baving 1 O replicates. Actual field grafting was oot done according to UC request. 

CJopaJ trialsat Non-UC Sill:s 
Oxnard (Ventura County)- 1996 ( original.ly known as the Newman Rancb si te. This trial was flooded in 1997 and 
numy trees died due to Ibis, however we are oow wo.rking with the .new ownef3 lo collect data from the trec:s wbich 
SUI'Vivod oftcrthc winler of 1997): ' Lamb Hass', 'SirPrize', 'GEM', 'OJ\184', 'Mruvcl', ' Nobc1', ' lloss', 'Horvest' 

'!iobel' trpat UCSouth CoutREC- 1998 
20 clona) trees: 8 planted in Field 4; 12 planted in Field 46. Purpose of trees is a) bud~ aod b) &uit source . 

Tormortpd t¡eeut UC Rivenide Campus- ODgOjng 
Replacement trees in Field 10 

SIUI 1 OlgujR V.tlley Yarietr Trill - 1999 111 11!0 M (portqyille. LjD.dcoye) m"ltl "Dew trm" 
All on Tbomas Rootstock; ' SirPrize' 'Lamb Hass', 'Harvesl', 'GEM', ' Noool ', ' Marv~l', ' Pinkt:rton', 'Fuene', and 
'Zutano' 

Yield data from unreiHsed material We bave co)Jected yield data for the third year from Field 4 at UC-SCREC 
(UC South Coast Research and Extensioo Center). Data collection for 200 J is still incomplete but preliminary data is 
presented (Figure 1 ). Tbe 'Harvest' at this point has the largest cumulative yield over the 3-year period, however 
this variety also appears to exhibit severe alternate bearing. We bave olso collected the ftrSt year of yield data from 
the Santa Paula and Oxnard sites in Ventura Co\Ulty and lheDeLuz site in San Diego coWlty (data not presented) . 

Jo' rult Cbaraderlstlcs. Asan on-going process we are collecting fruit samples from all sites approximately every 3 
to 4 weeks from fall tbrough late summer. These fruit are eva1uated using standard protocols for such characteristics 
as fruit shape, peel texlure, peel color, flesh color, tbe percenl seed, flesh and skin l!lld skin thickness. Figure 2 
shows thc average penx'lll secd for the various varieties. These are thc avcn¡g~ for a JI fruít from all site:s. Note lhal 
there is considerable variation between the different varieties in terms of the relativo proportion of the fruit occupied 
by the seed ranging from a Jowof7.1% forlhe ' OA184' lo nearly 18% for 'Bacon'. Figure 3 presents a comparisoo 
ofthe 'GEM' and 'Hass' seed size from each sites averaged over all sarnpling dates. Note that the 'GEM' seed 
occupies a slightly bigber percentage o( lhe fruit as compared to the 'Hass' in all but ooe si te . 

Dry Weigllt Tracking. Figure 4 presents tbe treirls in dry weight for the ' GEM' at the De Luz si te. Similar trends 
\\tte observed at the olher 6 sampling sites (lrvine, Riverside, Santa Paula, Oxnard and San Luis Obispo). Figure 5 
presents similar datacomparing 'Hass' to ' Nobel'. Similar treJXis, with the ' Hass' baving slightly bigher dry weights 
Iban tbe ' Nobel ' was obsetVed at the other 4 sampling si tes (lrvine, Riverside, Oxnard and San Luis Obispo). Figure 
6 illustrates the comparisoo o('Hass' to 'Marvel' from the De Luz sampling site. The ' Marvel' teods 10 lag behind 
the 'IIoss' in dry Y.'Cight accumulatioo throughout thc scason. This l1ald wa3 also ob:served al the other 5 sampling 
sites (l.rvine, Riverside, Santa Paula, Oxnard and San Luis Obispo). Figure 7 sbows the same data for 'Hass' and 
' Harvest' . The ' Harvest' tends to be substantially slower in dry weight accumulatíoo as compared to lhe 'Hass' . 
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Tbese large differences \Wte also evident at tbe other 4 srunpling sites (lrvioe, Santa Paula, Oxnard and San Luis 
Obispo)_ Tbe changes in % dry \\cighl for 'GEM for the 7 sampling si tes are illustrated in Figure 8. The S8llle 
general pattem for dry weight accumulation appears to occur ut all si tes. A comparison ootween dry weight 
accumulations between two maturity seasons for the 'GEM' variety i.s prescnted in Figure 9. This data i.s from the 
De Luz si te in San .Diego County . .Both seasom show the same general trends . 

New Material ror tbe Breedln.g Prognm. In Spring 2000 we plantcd approximately 220 seed.lings from mi'<ed 
maternal SOU(CeS to provide material for the "next generotíon" of avocado selections. An additiooal270 open 
pollinated seedlings are currently being transplanted into sleeves at SCREC to be plantcd in the field in spring 2002 . 
We are collecting additiolllll seed material Ibis yc::ar and hope to planta similar ownber of seedli.ngs in 2003. We 
ha ve a !so establishcd 8 series of "isolation" blocks at UCR ond tbc Nakwnura R.anch for generating seed material for 
thc future (parents selectcd follo\\ÚJS consultation wilh Dr. Bob Bergh) . 

Sunblotch Vlrold lndexlng. A group of8 trees in Field 46 at UC SCREC tested positive for the sunbJotch viroid . 
These trces \WJ'C removed in Spring 2001. AlJ the trees in field 4 al UC SCREC bave been sampled for sunblotch. 
Results are still out on the last 7 trces but all other trees have testcd negative for the sunblotch viroid . 

B. To collabonte with otber researchen worldwide in evaluating aod ncbanging promising plant material 

lntrodact1on or new germplasm. In May 1999 D. Stottlemyer, T Chao and M L. Arpaia Vl.Sited Israel. Ooe of 
our objcctives was to visit with Dr. A Beo-Ya'acov to review !he status of the various rootstock :selcctiom, \\bich be 
had made over thc years. lo May 1999 M L. Arpeia brought material from S selectioos plus buclwood of tbe 
'Ardith' and the 'Gil'. M. L. Arpclia revisited Dr. Ben-Ya'aeov in Marcb 2000 and obtained additiooal material 
Buclwood from the S selectioru obtained in May 1999 was siso once again aequired. We have testcd tbis material 
for lhe presence or absence of stmblotcb. Tbe VC49 selection (introdooed in 3!00) has tested positive and \WS 

destroyed. This remaining material is clllTently in quarantine at UC, Riverside and is scheduled to be released for 
propagation and subsoquent testing during the next year . 

We have continued to supply material to Dr. Richard Litz's program in Florida on an on-goi~ basis during early 
fruil development. We are also supplying fruit and plant material lo oilier researcbers when requested . 

C. To collaborate wllb Dr. Menge (Depl ofPiant Pathology, UCR), and Dr. Crowlc:y on roots tock sc1c:dion 
and eva luat ion for botb root rot resistaac:e and saUnUy toleranc:c . 

In Spring 1998 we topworked trees in lhe old 'Gwen' roolstock trial to the 'Lamb Hass' variety. Tlús allows us to 
assess its perfomtance on the following rooistocks: G755A, G755B, G755C, Toro Canyon, Orchard, Duke 7,09, 
Thomas, Topa Topa. The first yield data from this trial has becn collectcd in 2001. Tbe "take" in thls trial has been 
mixed but we ha ve succe~fully established sufficient trees for evaluation We plaoted a new clona( rooistock tria! at 
UC SCREC with Dr. Menge in spring 1999. The 'Hass' and the ' Lamb Hass' are included in Ibis tria! on selected 
cloool rootstocks (' llass' on Day, Duke7, Dusa, Evstro, G755A, Parida, PP4, Spenoer, Thomas, Toro Canyoo; 20 
replicateS 'Lamb Hass' on Day, Duke 7, Evstro, Thomas, Toro Canyon; 20 replicates). 1be trces have set fruit for 
the 2001/2002 seasoo and wiU be~ sometime in Spri..o8 2002 . 

We eontÍDI.Ie to collabo.rate with Dt Crowley in bis salinity resean:h.. 

D. E\•aluate tbe potentlal of new and eslablished cuJttvan (B Rowcr types) (or use u poUinizen in 
collabontion wltb Drs. Ben Faber aod Betty Fetscber ; asslst Dr. Mlke Clegg on coordinatlon of 
pollioizer research plots as requcsted. 

.PoUinlzer Tríals. In conjunction with Ben Faber we established 8 pollinizer site in Ventura County (Oxnard) in 
spring 1999. The varieúes included in this trial are 'Ettinger', 'fuerte', 'Bacon', 'Zutano', ' llarvest', ' SirPrize', 
'Nobel' aiXl 'Marvel'. There are 60 trees of each variety divíded inlO 6 replicates of 1 O trees ea ch. The trees in this 
lriul bave been incorpomWd into thc Avocado Pollination and Dcc Biology pr-ojcct headcd by Drs. N. Wa:ser and B . 
Feucher. The fust ycar of diffcrential yield data is prcsented in Dr. Wascr's report. Ben f'aber and M. L. Arpaia 
also eslablished a si le in Ventura County (Somis) look.ing at the distance from the pollini2eT row vs. yield aod oow 
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ha ve 3 years of yield data (no significan! treods observed). Finally ~ established a pollinizer trial in San Luis 
Obispo County using 'Bacon', ' Nobel ' (BL667), and 'Marvel' (BL516) with 7 replica tes of each in spring 1998. 
This tria) W'dS affected by the 12/98 freeze and required re-topworking ofthe tria! trees. We had ow fJJSt baivest 
from this plot in 2001 . 

Wc continuc to discuss with Dr. Clegg ways to inoorporatc thc B fio~ typc sclcctions inlo an organizcd rescarch 
program to evaluate the value of outcrossing and wbich pollinizers to utilize and to discuss furure directions for the 
brecding program . 

E. To asslst Dn. Monc and Hoddlc on. idcntifying plant material tolcnnt to Per:sca mitc and tbe avoc:ado 
tbrips . 

\Ve have initiated a cooperative project with Dr. Hoddle looking at growth flusbes and relative susceptibility to 
persea mi te. Dr. Hoddle will report on preliminary results ofthis etiorL 

F. To malntain and improve the CAS variety block and tbe PeraM germplasm block located at tbe UC South 
Coast Research and Extensíon Center . 

An accurate plot map has been generated for the CAS Variety Block. Any cbanges to the planting are IJQing 
recorded in the master database mainlai.ned by David Stottlemyer. Tbe vohmteers bave been instrumental in 
maintaini.ng this block. Tbe vol\Ulteers graft severa! new and/or historical varieties on an on-going basis. We bave 
also established the capability of growing clona! trees on a small-scale for the breeding program. This is being done 
using the greenhouse facilities al UC SCREC . 

G. To insure tbe timely and effective d.issemination of information developed from Ibis researc:b program. 

The current avocado web site at: www.ucavo.ucr.edu has been on-line since June 1998. The si te is being revised and 
updated with new infonnation and photographs of different varieties and should be online by th.is fall. Questions 
sent via e-mail are anS\o\CI"ed on an ongoing basis . 
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Figure t. Yield d111a (averase fruit OOWlt per tree) from Field 4 variety lrial at tbc UC South Coast Research am 
Extension Center in bvine, CA from 1999 - 200 l . 

Figure 2. Average seed size (% of total fiuit weight) for alJ sampling sites. Fruit sampled from November 2000 
througb August 200 L 
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figure 3. Average seed sizc (% oftotal fruit weight) for 'OEM' I1JlC.I ' Huss' from tbe various sampling sites. Values 
averaged over all sampling dates • 
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Fi8Lre 4 Comperisoo of changes in % dty \\cigbt for 'Hass' and 'Gem' har\ested from November 2000 througb 
August 200 1 from thc De Luz site in San Diego County . 

Figure S. Comparison of changes in % dry weight for 'Hass' and 'Nobel ' hnrvested from November 2000 through 
August 200 1 from the De Luz si te in San Diego County . 
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f igure 6. Comparison of c~es in o/o dry weight for ·Hass' and 'Marvcr .borvested from November 2000 througb 
August 2001 from the De Luz site in San Diego County . 
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Figuro 7. Comparison of changes in % dry weight for ' Hass' and 'H81Vest' harvested from November 2000 thTough 
August 2001 from De Luz site in San Diego Counly . 
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Figure 8 Changes in dry \\cigbl pen:en1age for 'GEM' from November 2000 through August 2001 from sampling 
si tes (De L~ Rainbow, Riverside, uvine. Santa Paula. Oxnard, San Luis Obispo) . 

40 

35 

.e 30 a 
'15 

~ 25 

~ 
.,. 20 

15 

10 
1() 

~ .... 
E De LUZ ---RahboW --RiVerside --- húle -- santa Pal&l --Oxnard -+- San Uis Obispo ! 

Figure 9. A compenson of dry weigbt cbanges for ' GEM' bet\~O the 1999/2000 and 2000/2001 maturity seasoos. 
Data collected from the De Luz site in San Diego County . 
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Enbancement of Avocado Productivity. Plant Improvement: 
Selection and Evaluation of Improved Varieties and Rootstocks 

Continuing Project: Year 6 of20 

Project Leader: Mmy Lu Arpaia (559) 646-6561 
e-mail: mary.mpaia@ucr.edu 

Dept. of Botany and Plant Sciences, UC Riverside 
K eamey Agricultura/ Cemer, 9240 S. Riverbend Ave., Parlier, CA 93648 

Coopemting Persomzel: D. Stottlemyer, P. Robinson, W. Manor, K. Fjeld, J. Sieven, 
UC South Coast Avocado Volunteers, R. Scora, J Menge, D. Crowley, M. Clegg, 

M. Hodd/e, B. Faber and 011-jarm cooperators 

Benefit to tbe Industry 

This project will help to maintain and enhance the California avocado lndustry by lntroducing 
co.nsistently heavier produclng, high-quality avocado varieties, better pollinizer varieties, and 
improved rootstock hybrids. Increasing the genetic diversity of varieties will decrease the risk of 
major pest and disease invasions on a susceptible monoculture . 

Objectives 

A. To produce new avocado vanettes, superior to 'Hass' in consistent productivity and 
postharvest fruit quality and marlcetability, with fruit of optirnum maturity and size year
round. This includes determioing the dHferent cultural needs of each cultivar. Index trees for 
distribution for sunblotch viroid with assistance ofDrs. Allan Dodds and Deb Matbcws . 

B. To collaborate with other researchers worldwide in evaluating and exchanging promising 
plant material. 

C. To collaborate witb Dr. Menge and Dr. Crowley on rootstock selection and evaluation for 
both root rot resistance and salinity tolerance . 

D. Evaluate the potenrial of new and established cultivars (B flower types) for use as pollinize.rs 
in collaboration with Dr. Ben Faber; assist Dr. Mike Clegg on coordination of pollinizer 
research plots as requested . 

E. To assist Drs. Morse and Hoddle on identifying plant material tolerant to Persea mite and the 
avocado thrips as requested . 

F. To maintain and improve the CAS variety block and tbe Perseo germplasm block located at 
the UC South Coast Researcb and Extension Center . 

G. To insure the timely and effective dissemination of infonnation developed from this research 
program . 

7 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Summary 

A. To produce new avocado varieties, superior to 'B ass' in coosisteot productivity and 
postbarvest fr uit quality and marketability, witb fruit of optimum maturity and size 
year-round . 

There are 2 componcms of this objective. Tbe first is the continucd monitoring of varieties from 
tbe Dr. B. Bergh/Gray Manin selection program. Tbe second component is the new phase of 
scion sclection. Activities for botb components are summarized bclow . 

Component J. Continued monitoring of Bergb/Martin selections 

Various ficld trials have been established to monitor the performance of a number of the 
Bcrgh/Mnrtin sclcctions. Tbc following is a list of the coopcrator trials we are maintain ing. In 
2002 wc installed data loggers to monitor air and soil tcmpcraturc and rclativc humidity at all 
sites. We plan to use th is data to help us assess the selection's ¡csponse to low/high temperature 
when thcsc eveots occur . 

There are also additional planrings of the Bergh/Martin selections scattercd throughout southern 
California. We pcriodical1y visit these sites to eva1uate trees and discuss tree performance with 

the coopcmtors . 

Topworked trials at Non·UC Sites 
Santa Paula (Ventura County); topworked in 1998; 'GEM'. ' Harvest', ' Sir Prize', ' RT5176', 

' OA184'. 'MarveJ>. ' Hass'; 10 replicates . 
De Luz (San Diego Counry); topworked in 1998; ' Lamb Hass', 'Sir Prize', 'GEM', '0Al84', 

' Marvel', '5·552', 'Nobe1', 'Hass', ' Harvest'; 10 replicates . 
De Luz (San Diego County); topworked in 1998; approximatc1y 80 'GEM' trees divided 

rough1y into 3 groups at the cooperator site . 
San Luis Obispo (San Luis Obispo County); topworked in 1998 (Trccs sutiered from freeze in 

12/98 ncccssitating re·grafting of sorne selections in 1999; ' RT5176', ' Hass', 'Sir Prize', 
'GEM' , ' Harvcst ', ' OAI84'; 9 replicates . 

Clonal lrials al Non· UC Sites 
Oxnard (Venturo County); planted in 1996; 'Lamb Hass', ' Sir Prizc', 'GEM', 'OA184', 

'Marvc1', 'Nobe1', 'Hass', 'Harvest'. (Tbis tr;ial was floodcd in 1997 and many trees died 
duc to this, howevcr we are now working with thc current owncrs to collect data from the 
trccs whicb survivcd after the winter of 1997) 

HTH Ranch (Ventura County); 'Lamb Hass', 'Marve1', 'GEM' and ' Hass' A non·replicated 
tria] used for dry weights and fruit evaluation ooly . 

Topworked rrees al UC. Riverside Campus- ongoing; Replacemcnt trccs in Fie1d 1 O . 

Topworked lrees ar UC. Sowh Coast Research and Extension Center {SCREC): Fíeld 4 at tbe 
Centcr has topworked trees (variable number of rcplicates) from which wc collect data. These 
trees wcrc topworked onto seedling rootstock trees in 1 994 - 1996 . 

San Joaquin Va/ley Variety Tria/ - 1999 at two sites (Porterville, Lindcove) with clona/ trees 
(Thomas roorstock): 'Sir Prize' 'Larob Hass' , ' Harvest ' . 'GEM', 'Nobc1', 'Marvel', ' Pinkenon', 
' Fucne', and 'Zutano'; 20 replicares per scion variety at each sitc. We had trouble witb tree 
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establishment for certain varieties, therefore surviving tree numbers va.ries with site and va.riety . 
We have also had problems with certain varieties dropping fruit prior to harvest; however we do 
havc 1 scason's wonb of dry maner testing and planto collect further data th.is upcoming year . 

Yíetd data from Derglr/Martin selections. We llave collected yield data for tlle jifth year .from 
Field 4 at UC-SCREC (UC Sowh Coast Research and Extension Center). Data collection for 
2003 shows thatfor most varieties, this was an 'on' year (Figure 1). The 'GEM' at this point 
has the /argest cumulative yield over tire ji ve year period. Comparing the coefficient ofvariation 
shows that there is tendency 1oward less extreme altemate bearing in 'GEM' (Figure 2; this is 
calculated by dividing the standard deviation by the mean and gives one an idea of the relative 
variation o_fthe datafor a particular variety) . 

We have also collected tbe third year ofyield data from tbe Oxnard and Sama Paula sites in 
Ventura County (Figures 3 and 4), the Rigbetti site near San Luis Obispo (Figure 5), and the De 
Luz site in San Diego County (Figure 6) . 

Fruit characteristics of Berglv'Martin selec.'tions. As an on-going process we are collecting fruit 
samples from all sites approximately every 4 to 5 weeks from winter through late fall. These 
fruit are evaluatcd using startdard protocols for such characteristics as fruit shape, peel texture, 
peel color, flesh color , the percent seed, flesh and skin and skin thickness . 

Sl!llsona/ dry matter content of Bergh!Martilr selections. Figure 7 presents the trends in dry 
weight for all va.rieties at the UC-SCREC site for 2003. Similar trends wcre observed at the 
other 6 sampling si tes (San Luis Obispo, Ríverside, Santa Paula, Oxnard and De Luz). The 
general pancrn for dry weight accumulations for each varicty in 2003 is consistcnt with the 2000, 
2001, and 2002 data prescnted last year. A comparison between dry weigbt accumulations 
between thrcc maturity seasons for the 'GEM' variety is presented in Figure 8. This data is frorn 
the UC-SCREC site. All three seasons sbow tbe same general trends. The same can be seen for 
the 'Harvest' variety in Figure 9 . 

Bloom evaluation of Berg /1/Martin selections. The bloom of spring 2003 was evaluated on the 
trees in the unreleased variety block at UC-SCREC. This is tbe second year of this type of data 
collection. Bloom was mted for intensity, and an estimatc of tbc numbcr of open flowers was 
made for each trce. This was done weekly throughout tbe bloom season. Figure lOillustrates the 
relative timing of each variety over the 2 year period. figures 11 and 12 show bloom intensity of 
the 'GEM' and 'Harvest' material as compared to 'Hass'. We observed in these first two years 
that 'Nobel' and 'Marvel' have somewhat earlier bloom timing as compared to 'Hass' (figure 10) . 
'GEM' (Figure 11) is almost identicaJ with 'Hass' and 'Harvest' (Figure 12) has a slightly later 
bloom period than ' Hass' . 

Release of Bergii/Martin selections. The UC Office of Technology Transfer has obtained 
patents for two of the Bergh!Manin selections, 'GEM' (U.S. Plant Patent No. 14,239) artd 
'Harvest' (U.S. Plant Patent No. 14,238) effectjve October 14, 2003. The decision to move 
forward with patenting for thesc 2 selections djffered for each. We believe that 'GEM' has 
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commercial potential for the California industry and wish to make this selection more widely 
availablc to growcrs. The 'Harvest' , on thc othcr hand, had beco givcn by G. Martín to 
researchers in Spain, Israel and South Africa where there is interest in the variety from a 
commercial perspective. While we are not cenain about the selection's commercial potential for 
California, wc were advised by UC-OTT to move ahead with patenring oftbe selection. The UC 
Office of Techno1ogy Transfer is currently working on patents .in various foreign countries that 
are interested in this material. 

Component 2. New Material for tbe Breeding Program 

We are taklng 2 approaches towards generating new material for the California industry. These 
approachcs are the outcome of discussions witb B. O. Bergh, U. Lavi (Avocado breeder, Volcani 
Institute, Israel) and A. W. Whiley (Australia). The flrst approach is to plant out seedlings from 
interesting maternal sources; this is done without any effort to control paternity. Tbis approach 
was suggested by U. Lavi. In spring 2000, we planted the first 217 seedlings from mixed 
maternal sources to provide material for the "next generation" of avocado selections using this 
approach. An additional 237 seedlings were planted out in 2002. In 2003, 186 seedJings were 
planted out and changes were made to the greenhouse that would allow an expansion of the 
seed1iog germination program. As a result, over 1,000 seeds were collected in 2003 and are 
currently being transplanted into sleeves to be planted in the field in spring 2004. Table 1 shows 
thc maternal parcnts of tbc currcnt seedling population plantcd at UC-SCREC. Intercstingly, we 
had l seedling flower and set fru it in 2001 , only 1 year from planting. The maternal source of 
this fruit was 'Nobet' (BL667). Although the fruit quality is not acceptable ( exrremely large 
seed), tbese results are encouraging since we know that we bave gennplasm for tb.e breeding 
program that is very precocious. Although there was sorne fiuit set in 2002, most of tbe fruit was 
lost dueto an irrigation problem that has since been resolved. In October 2003, Dr. Grant Thorp 
from HortResearcb, New Zealand helped us to evaluate tree architecture of the oldest seedling 
population. Dr. Thorp is currently working with the dataset to help us define the "ideal" tree 
type. This will help us in the selecrion process as well in efforts to evaluate tbe performance of 
new selections on clona! rootstocks. ln tbis process we identified one tree in the planting that has 
a sympodial growth habit whicb is not nonnaJly associatcd witb avocado . 

Table l . Open pollinated seedlings from varying maternal sources planted at the UC South 
Coast Researcb and Extension Center from 2000 to 2003 . 

Maternal Source 
Year Thille 

Toral 
Planted X Plamed 

5-552 Marvel Nobel GEM Gwcn Lamb GEM 
2000 32 90 37 39 14 5 217 
2002 75 51 91 20 237 
2003 50 25 41 55 15 186 

Totals 32 215 113 171 69 25 15 640 
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In tbc sccond approach we have taken the more traditional approacb of Dr. Bergh by establishing 
isolation plots in various locations. Table 2 lists the location, year cstablishcd and selcctions in 
eacb isolation block. The potenrial parents were selected under consultation with Dr. Bergb . 
The first sceds from an isolation block (GEM x Thille) at UCR were collected in 2002 aod 
planted out this ycar (as indicatcd in Tablc 1 abovc: Tbillc x GEM). This ycar thc isolation 
blocks produced 651 fruit which are currently being propagated for field planting in spring 2004 . 

Table 2. lsolation blocks establisbed in 1999 - 200 l. 
Parents 

GEMx Marvel 
GEM x Thille 

Owen x Sir Prize 
Gwen x Gwen 
LambxGEM 
Lamb x Nobel 
Lamb x Tbille 
Lamb x Reed 

Stcwart x Reed 

Y ear establjsbed 
1999 (topwork) 
1999 (topwork) 
2000 (topwork) 

2001 (clona! tree) 
2001 ( clona1 tree) 
2001 (clonal tree) 
2001 ( clooal tree) 
2001 (clona! tree) 
200 1 ( clonal tree) 

Location 
UC, Riverside 
UC. Riverside 
UC, Riverside 

Nakamura, Ventura Co. 
Nakamura, Ventura Co. 
Nakamura, Venrura Co. 
Nakamura, Ventura Co. 
Nakamur:a, Ventura Co. 
Nak.amura, Ventura Co . 

Sunblotcb Viroid indexjog. One bundred twenty-seven trees at the UC-SCREC were tested for 
the sunblotch yjroid bctween October l, 2002 and September 30. 2003. Of these trees, 13 tested 
positive for the Sunblotch Vjroid and have been removed. All the positive trees were located in 
one area oear tbe end of Field 46. Two trees at the Pine Tree variety trial tested posit ive for the 
sunblotch viroid. These trees have been scheduled to be removed. All the trees in field 4 at UC 
SCREC havc bcen samplcd and have tested negative for the sunblotcb viroid . 

B. To collaborate with otber researchers worldwide in evaluating and excbanging 
promisiog plant material. 

lotroduction of new germplasm. In May 1999 D. Stott lemyer, T. Chao and M. L. Arpaia 
visitcd Israel. One of our objectives was to visit with Dr. A. Ben-Ya'acov to review the status of 
tbe various rootstock selections, which he had made over the years. In May 1999 M. L. Arpaia 
brought material from 5 selections plus budwood of tbe 'Ardith • and the 'Galil'. The 'Ardith' is 
already in CA and is actually a selection from Dr. Bergh which has been commercialized in 
Israel. The purpose of this introduction was to confmn trait cbaracteristics of the tree currently 
in the avocado variety collection at UC SCREC. M. L. Arpaia revisited Dr. Ben-Ya'acov in 
Marcb 2000 and obtained additional material. Budwood from the 5 selections obtained in May 
1999 was also once again acquired. Tbe majority of this material is rootstock selectioos. Sorne 
of tbe material is known to be tolerant to root rot. Tbis material will also be evaluated by Dr . 
John Mcngc's program. A number ofthe rootstocks, whilc baving no known root rot tolerance, 
were selected based on Dr. Ben Ya'acov's recommendation due to salinity tolerance, poor 
drainage tolerance or otber characteristics. W e tested this material for the prescnce or abseoce of 
sunblotch when thc material entered quarantine. Uofortunately, one sclection, VC49 (introduced 
in 3/00), tested positive and was subsequently destroyed. The remaining material is curremly in 
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quarantinc at UC, Riverside and is sched uled to be released for propagation and subsequent 
tcsting during 2003 ycar. Tablc 3 lists thc material brought to California in 1999 and 2000 . 
Thcse trecs werc rcleased from quarantine in 2003 and in Septcmbcr 2003 wc planted 2 trees of 
each variety in thc Variety Collection at UC-SCREC. Tbese rrees will serve as budwood source 
trecs for futurc evaluations . 

Table 3. Material introduced into California from [srael 
in 1999 and 2000. Material is from the rootstock 
sclcction program of Dr. A. Ben Ya 'acov and thc scion 
sclcction program of Drs. E. Lahav and U. Lavi. The 
material obtained in 1999 was given to John Mcnge in 
Junc 1999 . 

VC# 
6 
7 
15 
26 
28 
31 
40 
49 

51 
65 
66 
75 

802 
803 
804 
817 

Ardith 
Galil 

Date of collection 
Apri l ·oo 
Aprii ·oo 
Aprii 'OO 
April ·oo 
April '00 
April '()() 

June '99, April ·oo 
Juoe '99. April '00 (discardcd dueto 

sunblotch) 
April ' 00 

June '99, April ·oo 
June '99, April '00 

Aprit ·oo 
April '00 
April '00 
April ·oo 

June '99, April '00 
June'99 
June'99 

C. To collaborate witb Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. Crowley on 
rootstock selection aod evaluation for botb root rot resistaoce aod saJinity toleraoce. 

As of July 2003 we discontinued tbe two clona! rootstock trials plantcd in 1986 and 1988 
respcctively. We plantcd a new clonal rootStock tria) at UC SCREC with Dr. Menge in spring 
1999 and collected a sccood year ofyield data from this p1ot in spring 2003. The ' Hass' and the 
' Lamb Hass' are inc1udcd in this tria! on selected clona] rootstocks (' Hass' on Day. Duke7, Dusa. 
Evst ro. G755A, Parida, PP4, Spencer, Thomas, Toro Canyon; 20 rcplicatcs 'Lamb Hass' on Day, 
Dukc 7, Evstro, Thomas, Toro Canyon; 20 replicates) . 
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Wc continuc to collaborate with Dr. Crowley in his salinity rcsearch and identified a research 
plot in Santa Barbara for tcsting of ' Hass' and 'Lamb Hass' on sclcctcd rootstocks from Dr . 
Menge' s program. South Africa and Israel. 

D. Evaluate the potential of new and estabtished cultivan (B flower types) for use as 
pollinizers in collaboration with Dr. Ben Faber ; assist Dr. Mike Clegg on coordination 
of pollini:ter r esearcb plots as requested . 

In conjunction with Ben Faber we established a pollinizer site in Ventura Coumy (Oxnard) in 
spring 1999. The varieties included in this tria! are 'Ettinger' , 'Fuerte', ' Bacon', 'Zutano', 
'Harvest', 'Sir Prize', 'Nobel' and 'Marvel'. Tbere are 60 trees of each variety divided into 6 
replicates of lO trees each. We have reponed the yield data from the tria! each year. The data 
from tbe 2003 harvest is shown in Figure 13. This was an "off' ycar in the plot as shown by the 
fruit counts. The set in 2004 is very interesting since it is clear that fru it set is moderate to very 
high ncar thc pollinizcr trces but drops off quickly as thc distancc incrcascs. Thc cumulative data 
for t11is trial is presented in figure 14 and shows that there are distinct trends emerging from this 
tria!. Most of the activities for this plot are being subsidized from a grant from the BARD. We 
have this project as a collaborative effort with Drs. Arnon Dag and Sharoni Shafir (Israel) and 
Dr. Tom Davenport (University ofFlorida) .. 

We have continued our discussions with Dr. Clegg on ways to iocorporate the B flower type 
sclcctions into an organizcd research program to evaluate the valuc of outcrossing and which 
pollinizers lO utilize and lO discuss future directions for me breeding program. A boost to this 
effort carne through the collaboration with Dr. Davenport who is working witll Dr. Rayrnond 
Schnell (USDA-ARS, Miami, FL) on a more economical way to determine paternity. We 
assisted Dr. Davenport in October 2003 by collecting fruit samples from one of the replicares in 
the trial (48 samples of20 fru it each). We are awaiting the results oftheir testing . 

E. To assist Drs. Morse and Hoddle on identifying plaot material toleraot to Persea mite 
and the avocado thrips • 

We continue to discuss periodically with Dr. Hoddle the influence of tree phenology and variety 
on relative susceptibi lity to persea mite. We assisted Drs. Hoddle and Morse on their thrips 
studics in 2003 . 

F. To maintain and improve the CAS variety block and the Perseo germplasm block 
located at tbe UC Soutb Coast Researcb and Extensioo Center • 

An accurate plot map has been generated for the CAS Variety Block at UC-SCR.EC. Any 
changes to the planting are being rccorded in the master database maintained by David 
Stottlemyer. Tbe UC-SCREC avocado volunteers have been instrumental in maintaining this 
block. The volunteers graft several new and/or historical varieties on an on-going basis. In 
December 2002 wc were able to obtain budwood of the ' Puebla' variety from the Catholic 
University of Valparaiso in Chile. Thjs budwood is currcntly in quarantinc. Once released, this 
material will be plantcd in thc Varicty collcction . 
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G. To iosure tbe timely and effective dissemination of information dtveloped from tbis 
resurcb program . 

The current avocado web site at: www.ucavo.ucr.edu has been on-line since June 1998. The site 
is periodically revised and updated witb new information and photographs of different varieties . 
Questions sent vía e-mail or forwarded from tbe California Avocado Commission are answered 
on an ongoing basis . 

Figure l. Varicty tria! yield data (average fruit count per trec) collected from Fie1d 4 at the UC 
South Coast Research and Extension Center in lrvine, CA from 1999 - 2003. Trees were 
topworkcd onto seedling rootstock in 1994 - 1996 . 
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Figure 2. The Coefficient of Variation (%)in yield (fruit numbcr) for each variety from Field 4 
at the UC South Coast Research and Extension Center in lrvine, CA from 1999 - 2003 . 
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Figure 3. Varicty tria] yicld data (avemge fruit count pcr trcc) collcctcd from DeBusscbere 
Ranch, Oxnard, CA for 2001 - 2003. Trees were planted on clonal Duke 7 rootstock in 1996 . 
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Fjgurc 4 . Varicty tri al yield data (average fruit count per tree) collectcd from Pine Tree Rancb in 
Santa Paula, CA for 2001 -2003. Trees were topwork.ed onto seedling rootStock in 1998 . 
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Figure 5. Varicty trial yicld data (average frujt count pcr trcc) collcctcd fTom Righetti Ranch in 
San Luis Obispo, CA for 2001 - 2003. Trees were topworked omo seedling rootstock in 
1998 - 99 . 
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Figun: 6. Variety trial yield data (average fruit count per trce) collccted from ACW Rancb in De 
Luz, CA for 2001 - 2003. Trees were topworked onto seedling rootstock in 1998 - 99 . 
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Figure 7. Comparison of cbanges in d1y matter cootent (%) for all varieties harvested from 
January 2003 througb September 2003 from the SCREC site, Irvine, CA. 
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Figure 8. Comparison of changes in dry matter (%) for 'GEM' barvested during the 2000-2003 
maturity seasons. Data collected .from the SCREC si te, lrvine, CA. 
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Figure 9. Comparison of changes in dry matter (%) for 'Harvest' harvested during tbe 2000-
2003 maturity season.s. Data collected from the SCREC site. lrvine, CA . 

17 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

~Tr~====~===1 ~===.=~===3~1 ----------------¡ 

35 --------------------- ----------- ------- - - -

Figu.re 10. Comparison of average bloom dates for two years for all varieties from February 
through May at the UC South Coast Research and Extension Center, Irvine, CA. 
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Figure 11 . Comparison ofpercent bloom for 'Hass' and 'GEM' from Fcbruary through May 
2003 at the UC South Coast Research and Extension Cemer, lrvine, Ca . 
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Figure 12. Comparison ofpercent bloom for 'Hass' and 'Harvest' from Fcbruary through May 
2003 at the South Coast Research and Extension Center. lrvine, Ca. 
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Figure 13. 'Hass' yicld (fruit count) from the DcBusschcrc pollinizcr tri al in Oxnard in 2003 as 
influeoccd by pollinizer variety and distance from the pollinizer . 
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figure 14. Cumulative 'Hass' fnüt counts (2001 - 2003) from tbe OcBusscbere pollinizer triaJ in 
Oxnard as influenced by poiJinizer variety and distance from the pollinizer . 
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Proceedings of the California Avocado Research Symposium, October 30, 2004. Universíty of California, 
Riverside. California Avocado Commission. Pages 9-23 . 

Enhancement of Avocado Productivity. Plant Improvement: 
Selection and Evaluation of Improved Varieties and Rootstocks 

Continuing Project: Year 8 of20 

Projec/ Leader: Mary Lu Arpaia (559) 646-6561 
e-mai/: mary.arpaia@ucr. edu 

Dept. of Botany and Planr Sciences. UC Riverside 
KearneyAgriculturaJ Cenrer. 9240 S RiverbendAve .. Parller. CA 93648 

Cooperating Personnel: D. Stottlemyer. L. Bates, W Manor. K. Fjeld, J. Sieven Eric Focht 
VC South Coast Avocado Volunteers, J. Menge, D. Crowley, M Clegg, B. Faber and on-farm 

cooperaron,· 

Benefit to tbe lndustry 

This project will help to maintain and enhance the California avocado industry by introducing 
consistently heavier producing, high-quality avocado varieties, better pollinizer varieties, and 
improved roots1ock hybrids. Increasing the geoetic d.iversity of varieties wi ll decrease the risk of 
major pest and disease invasions on a susceptible monoculture . 

Objectives 

A. To produce new avocado vanenes, superior to 'Hass' in consistent productivity and 
postharvest fruit quality and marketability, with fruit of optimum maturity and size year
round. This includes determining the different cultural needs of each cultivar. lndex trees 
for d.istribution for sunblotch viroid with assistance of Drs. Allnn Dodds, Jim Heick and Deb 
Mathews . 

B. To collaborate with other researchers worldwide in evaluating and exchanging prornising 
plant material . 

C. To collaborate with Dr. Menge and Dr. Crowley on rootstock selection and evaluation for 
both root rot resistance and salinity tolerance . 

D. Evaluate the potential of new and established cul tivars (B flower types) for use as pollinizers 
in collaboration \\lth Dr. Ben Faber; assist Dr. Mike Clegg on coordinarion of pollinizer 
research plots as requested . 

E. To assist Drs. Morse and Hoddle on identifying plant material tolerant to Persea mite and the 
avocado thrips as requested . 

F. To maintain and improve the CAS variety block and the Persea gennplasm block located at 
the UC South Coast Research and Extension Center . 

G. To insure the timely and effective dissemination of information developed from this research 
program . 
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Summary 

A. To produce new avocado varieties, superior to 'Hass' in consistent productivity and 
postbarvest fruit quality and marketability, witb fruit of optimum maturity and size 
year-round . 

There are 2 componeniS of lhis objective. The first is the continued monitoring of varieties from 
the Dr. B. Bergh/Gray Martin selection program The second cornponent is the new phase of 
scion selection. Activities for botb components are summarized below . 

Component 1. Continued monitoring of Bergh/Martin selections 

V arious field trials ha ve been established to monitor the performance of a number of the 
Bergh/Martin selections. The follo-wing is a list of the cooperator trials we are maintainíng. In 
2002 we installed data loggers to monitor air and soil temperature and relative humidity at all 
sites. We plan to use this data to help us assess the selection's response to lowlhigh temperature 
when these events occur . 

There are also additional plantings of the Bergb/Martin selections scartered throughout southem 
California We periodícally vísit these sítes to evaluate trees and discuss tree performance with 
the cooperators . 

Topworked trials at Non-UC Si tes 
Santa Paula (Ventura County); topworked in 1998; 'GEM', 'Harvesf, 'Sir Prize', ' RT5176·, 

' 0Al84', 'Marvel', ' Hass'; 10 rep1ícates 
De Luz (San Diego County); topworked in 1998; ·Lamb Hass', ' Sir Prize·, 'GEM', 'Marver, 

'5-552' , ' Nobel', ·Hass' , 'Harvest' ; lO replicates . 
De Luz (San Diego County); topworked in 1998; approximately 80 'GEM' trees divíded 

roughly into 3 groups at the cooperator síte . 
San Luis Obispo (San Luis Obispo County); topworked in 1998 (Trees suffered from freeze in 

1.2198 necessitating re-grafting ofsome selections in 1999: 'RT5176', ' Hass ', 'Sir Prize', 
'GEM', 'Harvest', 'OAI84'; 9 replicates . 

Clonaltrials at Non-UC S/tes 
Oxnard (Ventura County); planted in 1996; 'Lamb Hass', 'Sir Prize', 'GEM', '0Al84' , 

'Marvel' , 'Nobel', ' Hass', ' Harvest'. (This trial was flooded ío 1997 and many trees died 
dueto this, however we are now working with the current owners to collect data from the 
trees which survived after the winter of 1997) 

HTH Ranch (Ventura County); 'Lamb Hass ', 'Marvel ', 'GEM' and 'Hass· A non-replicated 
tri al used for dry weights and fruit evaluation only . 

Topworked trees at UC. Riverside Campus - ongoing; Replacement trees in Field lO . 

Topworked rrees at UC. South Coast Research and Extension Center (SCREC); Field 4 a1 the 
Center has topworked trees (variable nurnber of replicates) from which we collect data. 
These trees were topworked onto seedling rootstock trees in 1994 - 1996 . 

San Joaquin Valley Vanery Tria/ - 1999 at two sires (Portervi/Je, Lindcove) wirh clona/ trees 
(fhomas rootstock): 'SirPrize' 'LarnbHass', 'Harvest', 'GEM', 'Nobel ', 'Marver, ' Pinkerton', 
'Fuerte', and 'Zutano': 20 replicates per scion variety at each site. We had trouble with tree 
establishment for certain varieties, therefore surviving tree numbers varíes with si te and variel)' . 
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We ha' e al so had problems \\i th certain YarietJes dropping fruit prior to han est: however we do 
ha' e 1 season · s "orth of dry· mat1er testing and plan to collect further data th1s upcoming year . 

Yield data from Bergh!Martin selections. We ha,·e collected yield data for the sixth year from 
Field 4 at UC-SCREC (UC South Coast Research and Extension Center). Data collection for 
2004 shows that for most 'arieties, this was an 'on' year (Figure 1). The ' Lamb Hass' at this 
point hns the largest cumulative yield over tbe six year period. Note also the extreme alternate 
bearing of the 'Sir Prize' during this time. The fruit load was so heavy in 2004 that the trees had 
virtually no f1owers during the spring 2004 Uowering season. Compa{ing the coefficient of 
variation shows that there is tendency toward less extreme altemate bea.ring in 'GEM' (Figure 2; 
this is calculated by dividing the standard deviation by the mean and gives one an idea of the 
relative variation of the data for a particular variety) . 

We have al so collected the fourth year ofyield data from the Oxnard si te and are in the process 
of finishing the harvesting at thc Santa Paula site in Ventura County (Figures 3 and 4), the 
R.ighelti si te near San Luis Obispo (Figure 5). Data from the De Luz site is incomplete at th.is 
time . 

Fruit dlaracleristics of Bergh/Martin selections. As an on-going process we are collecting 
fruit sarnples from all sites approximately e\"ery 4 to 5 weeks from 'vinter th rough late fall. 
These fruit are evaluated using standard protocols for such characteristics as fruit shape, peel 
1cxture, peel color, flesh color, the percent seed, flesh and skin and skin thickness . 

Seasonal di)' maller content of Bergh/Martin selectioDS. We collected di)· maner data as in 
pre\ ious years. The general panem for dry weight accumulations for each variety in 2004 is 
conststent \\ith the 2000 - 2003 data as pre,iously reponed 

Bloom evalualion of Bergh/Martin selections. The bloom of spring 2004 was evaluated on the 
trees tn the unreleased variety block at UC-SCREC. This is the third year of this type of data 
collection. Bloom was rated for intensity, and an estímate of the number of open flowers was 
1nade for each tree. This was done weekly throughout the bloom season. Figure 6 illustrates the 
relative tinúng of each variety over the 3 year period. Note that the bloom in 2004 was very 
much abbreviated. This could be due to a number of reasons including the unseasonable hot and 
dry weather we had in late April and May . 

Release of Bergh!Martln selections. The UC Office of Technology Tra.nsfer has obtained 
patents for two of the Bergh/Martin selections, 'GEM' (U.S. Plant Patent No. 14,239) and 
'Han•est' (U.S. Plant Patent No. 14,238) effective October 14, 2003. Budwood for this variety 
\vas collected by various nurseries in the spring of 2004. Growers interested in these varieties 
can e1ther contact M. L Arpaia, D. Stottlemyer or Dr. William Tucker at the UC Office of 
Technology Transfer for moreinformation . 

Component 2. New Material for tbe Breeding Program 

We are takmg 2 approaches towards generating new material for the California industry. These 
approaches are the outcome of discussions with B. O. Bergh, U La\ i (Avocado breeder, Volcani 
lnstitute, Israel) and A. W. Whiley (Australia) The fi rst approach is to plant out seedlings from 
interesting maternal sources: this is done without any eiTort to control patemity. This approach 
was suggested by U. Lavi In spring 2000, we plaoted the first 217 soodlings from mixed 
maternal sources to prO\ id e material for the "next generation" of avocado selections using this 
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approach. An addittonal 237 seedlings were plantcd out in 2002 and 186 seedlings in 2003. So 
far, 242 seedlings haYe been planted out in 2004 with another 350 seedlings to be planted this 
fall We anticípate an additional 350 seedlings wiU be planted out in Spring 2005. Table 1 
shows the maternal parents of the current seedling population planted at UC-SCREC . 

Table 1 Open polhnated seedlings from varying maternal sources planted at the UC South 
Coast Researcb and Extension Center from 2000 to 2004 . 

Yenr Maternal Source Total 
P1antcd 5-552 Marvc1 Nobel GEM Gwcn Lamb Thillc x GEMx Planted 

Hass GEM BL516 
2000 32 90 37 39 14 5 217 
2002 75 51 91 20 237 
2003 50 25 41 55 15 186 
2004 JO 61 48 42 55 6 242 

Totals 62 276 121 213 124 25 15 6 882 

Of the 217 trees planted m 2000, 73 produced frwt and \\ere e' aluated this year. Three 
seedlings show sorne proffilse and have been grafled onto Duke7 rootstock for further eraluarion . 
A fourth seedling tested ,·ery high in percent dry "eight at 35. 12% on 1/5/04 Thmking this was 
a mistake, it was retested on 3/ 1/04 and carne in at 42 64%! This may well be a \'ery early 
maturing variety an as such is being watched closely for the upcoming season . 

In the second approach we have taken tbe more traditional approach ofDr. Bergh by establishing 
isolation plots in various locations. Table 2 lists the location, year established and selections in 
each tsolarion block.. The potenbal parents were selected Wlder consultation \\i th Dr. Bergh. A 
total of 433 seed \\ere collected for gennination from the isolarion blocks including lhe first 
group of seeds from the Nakamura si te in 2004 . 

Table 2. Isolarion blocks established in 1999 - 200 l . 
Par-ents 

GEM x Marvel 
GEM x. Thille 

Gwcn x Sir Prize 
GwenxGwen 
Lamb~ GEM 

Lamb x Nobel 
Lamb x lltille 
Lamb x Reed 

Stewart x Reed 

Y ea•· esta bllshed 
1999 (topwork) 
1999 (topwork) 
2000 (topwork) 

2001 (clonal tree) 
2001 (clonal tree) 
2001 (clona! tree) 
2001 (clona! tree) 
2001 (clona! tree) 
2001 (clonal tree) 

Location 
UC, Riverside 
UC, Riverside 
UC, Riverside 

Nakamura, Ventura Co 
Nakamura, Ventura Co 

akamura. Ventura Co. 
Nakamura, Ventura Co. 
Nakamura.. Ventura Co 
Nakamura, Ventura Co 

Sunblotch Vi•·oid indexing. One hundred forty six trees at the UC-SCREC were tested for the 
sunblotch viroid between October 1, 2003 and September 30. 2004. Of these trees, 3 tested 
positive for the Sunblotch Viroid and bave been removed. Two of the positive trees were in field 
46 and represent our continuing effort to eliminate sunblotch from that lield. One positive tree 
was found in field 44. This is the first positive tree in that field and it was removed immediately . 
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All surrouncling trees were tested but all were negative. Current plans are to retest the adjacent 
trees agam in 2005 to make sure the viroid has been elirninated fro.m this fiel d . 

8. To collaborate with other researcbers worldwide in evaluating and exchanging 
promising plant material . 

lntrodudion of new germplasm. We have continued to plant out new varieties as they come 
out of quarantine. Last year's release of Ardith (re-introduced from Israel) and the VC series of 
Israelí rootstocks has gone well as all of the trees are established in the field at the UC South 
Coast .REC. Trees from the VC series were províded to Dr. Menge for field testing . 

The next scheduled release of quarantine trees will be in the spring of '05 when the two Andes 
selections and Puebla will be available for planting out. The Andes selections are believed to be 
seedlings or budsports of Hass and were selected in Chile by the Andes Nursery Association . 
Thís material carne to California under a test agreement. Once the trees are released from 
quarantine we planto plant out a limíted number oftrees for evaluation at South Coast Research 
and Extension Center. The Puebla, which is a heritage variety originaring in California was 
brought back to California in 2002 from the germplasm collection of the Catholic University of 
Valpariso, Chile. With the aid of Dr. Ben Ya'acov, who confirmed the identity of the variety in 
Chile, we elected to bring this variety back to California for pJacement in the 'ariety collection . 
Other Puebla trees in California are of uncenain identity and this introduction will aid us in 
identifying Puebla trees growing tbroughout southem California The planting of this material 
may need to take place in fall of '05 as they will most likely require a hardening off period in the 
UCR lathhouses before they can be planted into field 44 . 

Finally, two addirional yarieties of interest have been brought in from Chile from the Andes 
Nursery Association {A.N.A.). This material arrived in September of 2004 and is now in 
quarantine for t wo years . 

C. To collabornte with Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. Crowley on 
r·ootstock seledioo and evaluation for both root rot resistance and salinity toleraoce . 

As of July 2003 we discontinued the two clonal rootstock trials planted in 1986 and 1988 
respectively. We planted a new clona! rootstock trial at UC SCREC with Dr. Menge in spring 
1999 and collected a third year ofyield data from this plot in spring 2004. The ' Hass' and the 
' Lamb Hass' are included in this trial on selected clona! rootstocks ('Hass' on Day, Duke7, 
Dusa, Evstro, G755A. Parida, PP4, Spencer, Thomas, Toro Canyon; 20 replicates ' Lamb Hass ' 
on Day, Duke 7, Evstro, Thomas, Toro Canyon~ 20 replicates) . 

We continue to collaborate with Dr. Crowley in bis salinity research wbenever possible and have 
assisted in the e\'aluation of a salinity/Phytophthora rootstock trial established in Santa Barbara 
using rootstocks from Dr. Menge's program South Africa and Israel. 

D. EvaJuate the potential of new and established cultivars (B flower types) for use as 
pollinizers in coUaboration witb Dr. Ben Faber; assist Dr. Mike Clegg on coordinatioo 
ofpollini7.er research plots as requested . 
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In conjunction with Ben Faber we establishe<l a pollinizer site in Ventura County (Oxnard) in 
spring 1999. We are using funding from BARD (a collaborati\'e effort with Drs. Amon Dag and 
Sharoni Shafir (lsrael) and Dr. Tom Davenport (University of Florida)) to collect floral data as 
well at this site as well as 2 other si tes. Below we have included a progress report of both our 
CAC and DAR.D funded efforts. Dr. Loretta Bates oversaw the fie1d research efforts for the 
2004 season. In late March 2004, Dr. Gad lsh-Am visited the research sites and discussed 
avocado flowering with Arpaia, Davenport and Bates . 

The 2004 research was conducted at three sites in Ventura County California from April through 
June 2004. Two si tes are located on the flat coastal plain south of Camarilla, California and the 
third si te is northeast of the city of Santa Paula, California on the lower south-facing slopes of 
the coastaJ mountains. The two coastal sites were in commercial groves of Mr. Paul 
DeBusschere. The southem site is the location of the pollinizer trial and the si te 3 miles north is 
the location of the variety tria! (yield reported in Figure 3). The pollinizer si te was designed as a 
complete randomized block design to examine proximity effects of various pollinizers on 'Hass' 
productivity under commercial conditions. There are six replicated blocks. Each block consists 
of 25 rows of 20 trees. Each row is split into 2 subsamples of 1 O trees. There is a pollinizer 
variety interplanted \vith the Hass every 6th row. Each subsarnple has a different pollinizer 
variety interplanted with ' Hass·. The 'Hass' trees are spaced in 2 blocks, 25 ft x 17 ft. In the 
remaining 4 blocks the trees are spaced 25 ft x 12.5 ft. We have JO pollinizer trees per 
subsample. The variety si te was originally planted as a completely randornized block design to 
evaluate new cultivar varieties from the UC Scion Breeding Program. The trees were planted in 
1996. All trees are grafted on clona! Duke 7 rootstock. Due to flooding shonly after the 
planting of this tri al, there are a mixe<l nwnber of replications. There are 5 to 6 replications per 
vanety. The inland site is in the commerciaJ groves of Mr. Logan Hardison (- 25 miles inland) . 
The inland site is a high density commercial planting with pollinizer rows intennixed with 
'Hass' . 

Temperature and humidity data were collected continuously through the months of April and 
May by remole sensors in weather stations at each site. Tree Oowering phases and flowering 
stages of individual flowers were observed in the following avocado varieries, Hass, Lamb Hass, 
Ettinger, Fuerte, Zutano, Bacon, Harvest, Gem, SirPrize, BL516 (Marvel) and BL667 (Nobel) . 

Observations of tree flowering phases were made April 13-15, April 21-23 and April 28-30, 
2004 at the DeBusschere south site and the Hardison site. Observations of flowering stages of 
individual flowers were recorded May 5-7, May 12-14, and May l9-2l, 2004 at both of the 
coastal sites . 

For tree floweong phases, observations were made approximately every hour on three randomly 
selected trees of each variety. On each tree, a minimum of fifteen Oowers on each of three 
inflorescences on the north side and on the south side were examined. The flower stages were 
recorded according to the method of lsh-Am and Eisikowitcb ( 1991 ; New insight into avocado 
flowering in relation to its pollination, Calif. Avocado Soc. Yrbk. 75: 125-137) . 

To characterize the daily sequence of flowering stages of individual flowers, inflorescences were 
labeled and flagged on randornly selected trees of each variety . As .flowers opened as female, 
they were marked with colored ink in.dicating tbe ordel" of initial opening. ObseJ:Vations were 
made approximately once each hour for each flower on each measurement day. For each 
measurement period of 2-3 days, observations were made on 15 to 25 flowers per cultivar . 
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One goal of the 2004 study was to collect data at a wide range of temperatures, both day and 
night. Except for two abnonnally hot periods. the temperatures at all sites were cool (less tban 
25°C ma'timurn) on most of the measurement days during April and May of 2004. The coastal 
plain sites were especially cool and humid, characterited by a daily paltern of moming fog or 
hcavy dcw followcd by late moming sun. lbe upland Hardison si te was somewhat warmer and 
drier. Both s1tes experienced strong on-shore winds commencing by rnid-day and continuing 
until near sundown on most days . 

As a result ofthe cool humid weather, the flowers typically remained opcn in the morning from 
the previous day or níght or opened after fog lifted, usually by mid-momíng. In the early 
moming, Type A flowers such as Hass, Harvest and Lamb-Hass were often completing male 
floral stages from the previous day. Flowers opened as females in the aftemoon and frequently, 
they had not yet opened as males by stmdown. In Type B flowers (SjrPrize, Fuerte, Zutano, 
Et1inger, BL516, BL667, and Bacon) it was common to see flowers open only as males during 
the day hours, with flowers opening as females near sundown ( or later) . 

For type B flowers tagged as females on day 1 of a measurement period, opening as maJes did 
not occur on day 2 but rather in the morning of day 3 of the measurement period. Type A 
flowers tagged as females did open as males the following day, although sometimes very late 
and as mentioned previously, sometimes completing the maJe stages on the moming of day 3 . 

The time of opening of Type A flowers as females and Type B flowers as males may be 
correlated with the minimum temperature of the previous night (correlation coefficient -0.7553 
for pooled Type A and Type B data). Data analysis is continuing which should allow a more 
definitive statement of that correlation . 

Table 3 gives examples of tree phases observed. on a cool day (April 23: max.imurn temp, 
20.2°C; mínimum temp, 7.4°C) at the south DeBusschere si te and on the warmest day (April30; 
maxirnum temp, 29. 9°C; minimum temp, 11 . 7°C) at the Hardison si te for the varieties Hruvest 
(Type A) and BL516 (Type B). 

Table 3 . Flowering behavior of 'Harvest' (A floral type) and 'BL516' (B floral type) 
under 

Harvest u BL516 

Cool Warm Cool Wann 
1.)4• J)l*,D2*, 03•, D4 Bl* 83*, C, DI, 02 
E 81, B2 B1•, 82*, 83* , 0 1 DI , D2 
8 1 82, B3 D1 , D2 DI , D2. 03 
8 1, 82 B3, C, 01, D2 Dl , D2, 03 D2, D3 
81 , 82, 83 DI , 02, D3, D4 DI , D2, D3, D4 D4 
.B3, c. DJ DJ , D2, 03, D4 02, 03, D4 81 , 04 
B3, DI , D2 D2, D3, D4 8 1.04 81 , 8 2, D4 
DI , 02, 0 3, D4 Bl , 82, 83 

82, 83 
83,C 

*Stagcs from previous day . 
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Analysis of the floral data is continuing and will include addibonal analyses of the correlations 
belween floral stages and temperature averages, ma"<ima and mínima. In addilion lo the anal~rsi s 
of floral bjology observations for 2004, HPLC analysis of sugars in honey collected during the 
2003 nowering season is continuing . 

We harvested the OeBusschere Pollinirer plot April 13-15, 2004 for yield. Figure 7 presents tbe 
data for 2004. The yield this year was \'el)· hea,·y from the plot, averaging 220 fruit per tree . 
The 4-year cumulative fruü count for the trial is presented in Figure 8. As both figures 
demonstrate, proximity lo a pollmizer at this site continues to influence yield. This effect was 
especiaJiy dramatic lhis year (Figure 7) . 

The ' SirPrize', a variety released by UC in the rnid 1990's has surpassed the other pollinizers in 
tenns ofyield. We are monitoring the SirPrize more closely this year to collect better data on its 
bloom phenology in relation to the 'Hass'. As parl of Dr. Gad Ish-Am's March 2004 visit, we 
spent time in the field examining the flowering phases of the ' SirPrize' as well as the other 
varieties. We noted an March. that this variety had abnormal pistils on the majority of the 
flowers. We are monitoring this further. This may account for the '·erraric" bearing habit of the 
"SirPrize' . 

The OeBusschere plot is bordered by a hedge of eucalyptus trees on the east and west sides of 
the fi eld and between rO\\ S 24 and 26 there is a Lombardi poplar wind break. These windbreaks 
have a negati 'e impact on tree yield and vigor. Figure 9 shows the impact ofthese windbreaks 
on average yield of 'Hass' trees. In order to calculate this data we calculated the average fruit 
count for each row (12 means per row for non-pollinizer rows and 24 means per row for 
polliniz:er rows) . 

Figure 10 illustmtes the relative size of the pollinizer trees to their companion 'Hass' trees in 
April 2004. Many ofthe pollinizer trees were as tallas or taJier than the nearby "Hass' trees so 
m Fall 2003, these trees were topped to approximately 6 to 8 feet. 

Table 4. Average ' Hass' dry weight, fruit length/width rati o 
and secd lengthf,vidth ratio harvested from pollinizer rows . 
Mean separation by LSD, P< 0.05 . 

D¡y wcight Fntit Sced 
(%) 1ength/width lcngth!width 

Pollini7.cr ratio ratio 
Bacon 25.34 ab 1.39 1.13 be 
BL5 16 (Man·el) 24.45 e 1.40 1.14 be 
BL667 (Nobel) 26.20 a 1.43 1.15 abe 
Ettíngcr 25 .30 abe 1.37 1.11 e 
Fuerte 24.80 be 1.39 1.19 a 
Harvcst 24.95 be 1.45 1.18 ab 
Sirprizc 24.94 be 1.37 l.l5 be 
Zutano 26.08 a 1.37 1.1 1 e 
Significance 0.05 ns 0.05 
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At the time of the fn1it harvest, we collected 8 ' Hass' fruit (6 77 oz average size) from each 
pollinizer row (6 replications). Dry weight was detennined on each fruit. We also measured the 
length and width of fruit from 3 of the replica.tions. Table 4 presents these results. Note that 
there were significant differences in both dry weight and the seed leng1h!width ratio due to 
pollinizer. The 'Hass' fruit that was harvested from the 'BL667 ' and 'Zutano' rows had 
significantly higher dry matter than fruit harvested from the 'Harvest', 'Sirprize', 'Fuerte' and 
'BL516' rows. We were notable to detect any significant effects on fruit shape as measured by 
the length/width ratio due to the pollinizer varíety. We found, however, tbat there were slight 
but signíficant differences dueto pollinízer variety on the length/width ratio ofthe seeds. 'Hass' 
fmit from the 'Fuerte' and 'Harvest' rows had slightly more elongated seeds as compared to 
seeds from the 'Zutano' and 'Ettinger' rows. We planto do more in-depth sampling this coming 
fruit season to verify these observations . 

E. To maintain and improve the CAS variety block and the Persea germplasm block 
located at the lJC Soutb Coast Research and Extension Center • 

An accurate plot map has been genera1ed for the CAS Variety Block at UC-SCREC. Any 
changes to the planting are being recorded in the master database maintained by David 
Stottlemyer. The UC-SCREC avocado volunteers have been instrumental in maintaining this 
block. The volunteers graft severa! new and/or lústorical varieties on an on-goíng basis. Fields 
44 and 46 have been maintained and kept in order through regular pruning and constant 
observation by both the lab personnel and the volunteer staff. In addition, the sprinkler lines in 
fíeld 46 have been replaced. and updated in coordination w/the SCREC personnel. 

F. To insure the timely and effective dissemination of information developed from this 
research program • 

The current avocado web site at: www.ucavo.ucr.edu has been on-line since June 1998. The site 
is periodically revised and updated with new information and photographs of different varieties . 
Questions sent vía e-mail or forwarded from the California Avocado Comrnission are answered 
on an ongoing basis . 
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F1gure 1 Vanety tria1 yield data (average fruit count per tree) collected from Field 4 at the UC 
South Coast Research and Extensíon Center in lrvine. CA from 1999 - 2004. Trees were 
topworked onto seedling rootstock in 1994 - 1996. Hanest for the selections denoted wi th a "* .. 
ts mcomplete as of September . 
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Figure 2 The Coefficient of V ariation (%) in yield (fruit number) for each variety from Field 4 
at the UC South Coast Research and Extension Center in lrvine. CA from 1999 - 2004 . 
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F1gure 3 Vanety trial yield data (average fruit count per tree) collected from DeBusschere 
Ranch. 0'\nard, CA for 2001 -2004. Trees were planted on clona! Duke 7 rootstock in 1996 . 
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Figure 4. Vanety trial yield data (average fruit count per tree) collected from Pine Tree Ranch in 
Santa PauJa CA for 2001 - 2004. Trees were topworked onto seedling rootstock in 1998 . 
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figure 5. Variety trial yield data (average frui t counl per tree) collected from Righetti Ranch in 
San Luis Obtspo. CA for 200 1 - 2004. Trees were topworked onto seedling rootstock in 1998 -
99 . 
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Figure 6. Comparison of average bloom dates for two years for all \'arieties from February 
through May at the UC South Coast Research and Extension Center, lrvine, CA 
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Ftgure 7 ·Hass·) ield (frwt count) from tbe DeBusschere pollimzer tnal m Oxnard in 2004 as 
mOuenced by pollimzer vanety and distance from the polliruzer 
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Figure 8. Cumulatwe 'Hass' fruit counts (2001 - 2004) from the DeBusschere pollinizer trial in 
Oxnard as 100uenced by polliruzer variety and distance from the pollini1.er 
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Figure 9. The impact of windbreaks and polhnizers on 'Hass' fruit counts for the 
April 2004 harvest at the DeBusschere Pollinüer Plot in Oxnard, CA. (Yellow bars 
are fruit counts for 'Hass' in the pollini.ter rows and are the means for 6 
replications.) 
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Figure 10. Relative size of pollinizer varieties to ' Hass' tTees at the DeBusschere 
Pollinit er Plot in Oxnard, CA. Photos taken in April 2004. Trees of all pollinizers, 
with the exception of ' Marvel' and 'Nober were topped in Fall 2003 . 
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Proceedi.ngs of the California Avocado Resear:ch Symposiwn., October 29, 2005. Urúversity of California, 
Riverside. Sponsored by the Califorrúa Avocado Commission. Pa¡¡es 50-61. 

Enban~ement of Avocado Productivity. Plant Improvement: 
Selection and Evaluatioo of lmproved Varieties and Rootstocks 

Conti.nuing Project: Year 9 of20 

Project Leader: Mary Lu Arpaia (559) 646-6561 
e-mail: mary.arpaia@ucr. edu 

De pi. of Botany and Plant Sciences, UC Riverside 
Kearney Agricultura/ Center, 9240 S. RiverbendAve., Parlier, CA 93648 

Cooperating Personnel: D. Stottlemyer, Eríc Focht, M. Crawley, L. Bares, W. Manor, K. Fjeld, 
J. Sievert, UC South Coast Avocado Volunteers, G. Douhan, D. Crowley, M Clegg, B. Faber 

and on-jarm cooperators 

Benefit to the Industry 

Thís project will help to mainta.in and enhance the Califonúa avocado industry by introducing 
consistently heavier producing, lligh-quality avocado varieties, better pollinizer varieties, and 
improved rootstock hybrids. Increasing the genetic diversity of varieties will decrease the risk of 
major pest and disease invasions on a susceptible monoculture . 

Objectives 

A. To produce new avocado vanenes, superior to 'Hass' in consistent productivity and 
postharvest fruit quality and marketability, with fruit of optimurn rnaturity and size year
round. This includes determining the different cultural needs of each cultivar. lndex trees 
for distri bution for sunblotch viroid with assistance ofDrs. AJian Dodds, and Deb Matllews . 

B. To collaborate with other researchers worldwide in evaluating and exchanging promising 
plant materiaL 

C. To collaborate with Dr. Douhan and Dr. Crowley on rootstock selection and evaluation for 
both root rot resistance and salinity tolerance . 

D. Evaluate the potential of new and established cultivars (B flower types) for use as pollinizers 
in collaboration with Dr. Ben Faber and others as requested . 

E. To ma.intain and ímprove the CAS variety block and tbe Persea gennplasm block located at 
the UC Soutb Coast Research and Extension Center. 

F. To insure the timely and effective dissemination of information developed from thís research 
program . 

Summary 

A. To produce oew avocado varieties, superior to ' Ha.ss' in consistent productivity aod 
postharvest fruit quality and marketability, with fruit of optimum maturity and size 
year-round • 
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There are 2 components ofthis objective. The first is the continued monitoring ofvarieries from 
the Dr. B. Bergh/Gray Martín selection program. The second component is the new phase of 
scion selection. Activities for both components are sumrnarized below . 

Component 1. Continued monitoring ofBerghJMar1in selections 

V arious field trials ha ve been established to monitor the performance of a number of the 
Bergh!Martin selections. Severa! of the si tes are now at the end of their allotted time period and 
after the final data are collected, those sites will be ternúnated. The following is a list of the 
cooperator trials we are maintaining and those sites to be terminated. In 2002 we installed data 
loggers to monitor air and soil temperature and relative humidity at all sites. We planto use Ibis 
data to help us assess the selection's response to low!high temperature when these events occur . 

There are al so additional plantings of the Bergh/Martin selections scattered throughout southem 
California. We periodically visit these sites to evaluate trees and discuss tree performance with 
the cooperators . 

Topworked lrials al Non-UC Si les 
Santa Pauta (Ventura County); topworked in 1998; ' GEM', ' Harvest', 'Sir Prize', ' RTS176', 

'OAI84', ' Marvel ', 'Hass' ; 10 replicates. Ending 2005 . 
De Luz (San Diego County); topworked in 1998; ' Lamb Hass', ' Sir Prize', 'GEM', ' Marvel ', 

'5-552', ' Nobel', 'Hass', 'Harvest'; 10 replicates. Ending 2005 . 
De Luz (San Diego County); topworked in 1998; approximately 80 'GEM' trees divided 

roughly into 3 groups at the cooperator site. Ending 2005 . 
San Luis Obispo (San Luis Obispo County); topworked in 1998 (Trees suffered from freeze in 

12/98 necessitating re-grafting ofsome selections in 1999; ' RT5176', ' Hass', ' Sir Prire', 
·GEM', 'Harvest', 'OA184'; 9 repljcates. Ending 2005 . 

Clona! rrials at Non-UC Sites 
Oxnard (Ventura County); planted in 1996; ' Larnb Hass', 'Sir Prize', 'GEM', 'OA184', 

'Marvel', 'Nobel', 'Hass', 'Harves1'. (This trial was flooded in 1997 and many trees died 
dueto this, however we are now working with the current owners to collect data from the 
rrees which survived after the winter of 1997) 

HTH Ranch (Ventura County); ' Lamb Hass', ' Marvel', 'GEM' and ' Hass ' A non-replicated 
tri al used for dry weights and fruit evaluation only . 

Topworked trees al UC, Riversíde Campus - ongoing; Replacernent trees in Field 1 O . 

Topworked lrees al UC, Soulh Coas1 Research and Extension Center (SCREC): Field 4 at the 
Center has topworked trees (variable number of replicates) from whjch we collect data . 
These trees were topworked onto seedling rootstock trees in 1994 - 1996 . 

San Joaquln Va/ley Variery Tria/ - 1999 a1 two siles (Portervi/Je, Llndcove) w/lh clona! trees 
t'TI.omas roors1ock1• ' Sir Prize' 'Lamb Hass' ' Harvest' 'GEM' 'Nobel' 'Marvel' 
( .A,. " ' ' ' ' , ' 
'Pinkenon', ' Fuerte', and 'Zutano'; 20 replicates per scion variety at each site. We had 
trouble wíth tree establishment for certain varieties, therefore surviving tree numbers varies 
with si te and variety. ln spring 2005, severa! trees at the Lindcove si te collapsed. Subsequent 
testing revealed that collapse and subsequent tree death was due to Phy1oph1hora cinnamomi . 
We have also had problems wíth certain varieties dropping fruit prior to harvest and this 
continued to be a problem in 2004-2005.; however we were able to collect a second season' s 
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data on dry matter. We plan to collect a third and final year of dry matter data this upcoming 
year . 

Yield data from Bergh/Martin selections. We have collected yield data for the seventh year 
from Field 4 at UC~SCREC (UC South Coast Research and Extension Center). Data collection 
tor 2005 shows that for most varieties, this was an ·off year (Figure 1). The '(variety as 
indicated by data) at this point has the largest cumulative yield over the seven year period . 
Comparing the coefficient of variation shows that there is tendency toward less extreme 
altemate bearing in 'GEM' (Figure 2; this is calculated by dividing the standard deviation by the 
mean and gives one an idea ofthe relative variation ofthe data for a particular variety) . 

We ha ve not yet completed the fifth year of yield data from the Santa Paula si te in Ventura 
County, the Righetti site near San Luis Obispo, nor the De Luz site in San Diego County. There 
is no yield information from the Oxnard site as the grove was inadvertently harvested before the 
data could be collected . 

Fruit characteristics of Bcrgh/Martín se/ectíons. As an on-going process we are collecting 
fruit samples from all sites approxirnately every 4 to 5 weeks from winter through late fal l. 
These fruit are evaluated using standard protocols for such characteristics as frui t shape, peel 
texture, peel color, flesh color, the percent seed, flesh and skin and skin thickness . 

Seasonal dry matter contenl of Bergh!Martin selections. The trends in dry weight 
accumulation were similar to the trends observed in previous years. The general pattem for dry 
weight accwnulations for each variety in 2005 is consistent with the 2000 - 2004 data presented 
previously. A comparison bel\:veen dry weight accwnulations between six marurity seasons for 
the 'GEM' variety is presented in Figure 3. This data is from the UC-SCREC site . 

Bloom evaluation of Bergh/Martin selections. The bloom of spring 2005 was evaJuated on the 
trees in the unreleased variety block at UC-SCREC. This is the fourth year of this type of data 
collection. Bloom was rated for intensity, and an estímate of the number of open flowers was 
made for each tree. Tilis was done weeldy throughout the bloom season. Figure 4 illustrates the 
relative timing of each variety over the 4 year period . 

Relcase of Bergh!Martin selections. The UC Office of Technology Transfer obtained patents 
for two of the Bergh/Martin selections, 'GEM' (U.S. Plant Patent No. 14,239) and 'Harvest' 
(U.S. Plant Patent No. 14,238) effective October 14, 2003. We believe that 'GEM' has 
commercial potential for the California industry and wish to make this selection more widely 
available to growers. The ' Harvest', on the other hand, had been given by G. Martín to 
researchers in Spain, Israel and South Africa where there is interest in the variety from a 
comrnercíal perspective. The UC Office ofTechnology Transfer is currently working on patents 
in various foreign countries that are interested in this material. Growers interested in these 
varieties can either contact M. L. Arpaia, D. Stottlemyer or Dr. William Tucker at the UC Office 
ofTechnology Transfer for more information . 

Component 2. New Material for the Breeding Program 

We are taking 2 approaches towards generating new material for the California industry. These 
approaches are the outcome of discussions with B. O. Bergh, U. Lavi (Avocado breeder, Volcani 
Ins1itute, Israel) and A W. Whiley (Australia). The first approach is to plant out seedlings from 
ínteresting maternal sources; this is done without any effort to control patemity. This approach 
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was suggested by U. Lavi. ln spring 2000, we planted the first 217 seedlings from mixed 
maternal sources to provide material for the "next generation" of avocado selections using this 
approach. An additional 237 seedlings were planted out in 2002, 186 seedlings in 2003 and 244 
seedlings in 2004. So far, 645 seedlings have been planted out in 2005 with another 300+ 
seedJings to be planted t.his fall. We anticípate an additional 350 seedlings will be planted out in 
spring 2005. Table 1 shows the maternal parents of the current seedling population planted at 
UC-SCREC . 

Table l . Open pollinated seedlings from varying maternal sources planted at the UC South Coast 
Research and Extension Center from 2000 to 2005 . 

Maternal Source 

Ycar 
N 'i) ] e .o~ ~ ~ ~~ )( u í)~ x-a¡ Total 

Planted .,., 
~ ~ ~ 8 ~~ ~ ~ Planted .,., o ~ce o:) ~~ ~~ J.. z o o co .!:1 o :::S <:/) 

2000 32 90 37 39 14 S 217 
2002 75 51 91 20 237 
2003 so 25 41 55 15 186 
2004 30 61 48 42 55 6 244 
2005 60 73 99 23 60 3 17 179 12 ll3 64S 

Totals 62 336 234 312 147 85 3 17 15 179 12 119 1531 
Note: The "Total Planted" per year may not always add up due to sorne trees With Jost labels where the parents are 
"Wlknown." 

Of the 217 trees planted in 2000, 86 have produced fruit and have been evaluated. Seven 
seedlíngs have been selected for further evaluation and have been topworked onto Duke7 
rootstock at SCREC, and are also being propagated onto clonal rootstock material for further 
field evaluations. After the grafting was done, one additional seedling was flagged for further 
eval uation bringing the total number of interesting selections to 8. Two of these selections were 
selected for their syrnpodial growth babit; the other 6 were selected mainly on the basis of flavor . 

Table 2. Isolation block.s established in 1999 -2001. 
Pare.nts 

GEMxMarvel 
GEM xThille 
GwenxGwen 
LambxGEM 
Lambx Nobel 
Lamb x Thille 
Lan1b xReed 

Stewart x Reed 

Year estabfished 
1999 (topwork) 
1999 (topwork) 

2001 (clonal tree) 
2001 (clonal tree) 
2001 (clona! tree) 
2001 (clonal tree) 
2001 (clonal tree) 
2001 (clonal tree) 

Location 
UC, Riverside 
UC, Riverside 

Nakamum, Ventura Co . 
Nakamura. Ventura Co . 
Nakamum, Ventura Co . 
Nakamum, Ventura Co . 
Nakamum, Ventura Co. 
Nakamum, Ventura Co . 

In the second approach we have taken the more traditional approach of Dr. Bergh by establishing 
isolation plots in various locations. Table 2 Jists the location, year established and selections in 
each jsolation block. The potential parents were selected under consultation with Dr. Bergh. A 
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total of 305 seed were collected for gemúnation from the isolation blocks and 864 from open
polJinatcd sowces for a total of 1169 seeds to be gemúnated for the 2005-2006 season . 

In June 2005, we asked Dr. Uri Lavi (fruit breeder including avocado from the Volcani Institute 
in Israel) and Dr. Jose Chaparro (citrus and stone fruit breeder from the University of Florida, 
Gainesville) to review our progress over the last 6 years. They made rnany useful suggestions 
for improvement of the program and helped us in developing strategies for the future. Their 
conunents are avai lable upon request to M. L. Arpaia. 

Sunblotch Viroid indexing. One hundred twenty seven trees at the UC-SCREC were tested for 
the sunblotch viroid between October 1, 2004 and Septerober 30, 2005. Of these trees, 11 tested 
positive for the Sunblotch Viroid and have been removed. All of the posiúve trees were in field 
46 and represent our continuing effort to elimínate sunblotch from that field. In 2004, one 
positive tree was found in field 44. This was the first positive tree in that field and it was 
removed immediately. All surrounding trees were tested but found to be negative. Adjacent 
trees were tested again this year with no sign of the sunblotch viroid . 

B. To .collaborate with other researdlers worldwide in evaluating and exchanging 
pr-omisiog plant material . 

Introduction of new gennplasm. We have continued to plant out new varieties as they come 
out of quarantine. In August 2005, two Andes selections and Puebla were officially relemed 
from quarantine. The Andes selections are believed to be seedlings or bud sports of Hass and 
were selected in Chile by the Andes Nursery Association. This material carne to California 
under a test agreement. We váU plant these trees at UC South Coast REC and evaluating their 
potential for California. The Puebla, which is a heritage variety originating in California, was 
brought back to California in 2002 from the germplasm collection of the Catholic University of 
Valparaiso, Chile. With the aid of Dr. Ben Ya'acov, who confirrned the identity of the variety in 
Chile, we elected to bring this variety back to California for placement in the variety collection . 
Other Puebla trees in California are of uncertain identity and this introduction will aid us in 
identifYing Puebla trees growing throughout southem California. Finally, two additional 
varieties of interest were brought in from Chile from the Andes Nursery Association (A N.A.) in 
September 2004. This material is currently in quarantine. We plan to receive additional material 
from Chile in collaboration with Monica Castro and Claudia Fassio (Catholic University of 
Valparaiso, Chi le) in spring 2006. This material will include the ' Isabel ' a prornising new 
selection which they believe is cold-hardy . 

C. To collaborate with Dr. Douhao (Dept. ofPiant Pathology, UCR), and Dr. Crowley on 
rootstock selection and evaluation for botb root rot resistance and salinity tolerante. 

We planted a new clonal rootstock trial at UC SCREC with Dr. Menge in spring 1999 and 
collected a fowth year ofyíeld data from this plot in 2005. The ' Hass ' and the ' Lamb Hass' are 
included in this tria! on selected clona! rootstocks f Hass' on Day, Duke7, Dusa, Evstro, G755A, 
Panda, PP4, Spencer, Thomas, Toro Canyon; 20 replicates ' Lamb Hass' on Day, Duke 7, Evstro, 
Thomas, Toro Canyon; 20 replicates) . 
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We continue to collaborate with Dr. Crowley in his salinity research whenever possible and have 
assisted in the evaluation of a sali.llity/Phytophthora rootstock trial established in Santa Barbara 
using rootstocks from Dr. Menge·s program, South Africa and Israel. 

D. E-valuate the potential of new and establisbed cultivars (B flower types) for use as 
poUinizers in collaboration witb Dr. Ben Faber and otbers as requested • 

In conjWlcrion with Ben Faber we established a pollinizer site in Ventura County (Oxnard) in 
spring 1999. We are using funding from BARD (a collaborative effort with Drs. Amon Dag and 
Sharoni Shafir (Israel) and Dr. Toro Davenport (University of Florida)) to collect floral data as 
well at this site as well as 2 other si tes. Below is a preliminary discussion of our 4 years of yield 
data. We hope to collect 2 additional years of yield data before completing this portion of the 
project. 

Fruít Nwnber and Proximity to Pollinizers. There is an overall statistical difference in 
cumulative fruit nwnbers harvested from the experimental site (Figure 5, Table 3). The highest 
cumulative fruit numbers were obtained from the ' Hass' trees in the pollinizer rows. Trees one 
row awny (7.6 m, 25 ft) had the second highest yields. There was no significan! difference 
detected between the second or third row (15.2 and 22.9 m (50 and 75 ft) away, respectively) . 
The sígnificance in fruit nwnbers harvested ís related to the high yield obtained in 2004. In this 
year, significant ditTerences due to distance from pollinizer were also detected (Table 3). These 
resuJts differ slightly from Bergh et al ( 1966). In that study tbe authors repon it was only when 
' Fuerte' trees were adjacent to 'Topa Topa' did one see a significant increase in yield. The 
results from thís study suggest that proximity to the pollínizer variety can ínfluence yíeld. A 
difference between the two studíes could be related to the presence of honeybees in the present 
study and differences in envíronmental conditions during bloom. The present study site tends to 
be cooler during flowering than the si te used by Bergh et al (1966) . 

Table 3. Fruit count per tree as a funetion of distance from a pollinizer. Mean separat:ion 
using Student-Newman-Keuls Test. P<0.05 (n.s. = not significan!) . 

Distancc from Year Cumulative 
Pollioizer (meters) 2002 2003 2004 2005 Number 

0.0 179 n.s. 30 a 342 a 45 n.s. 595 a 
7.6 180 22 ab 248 b 52 503 b 
15.2 153 16 b 213 e 55 438 e 
22.9 151 21 ab 197 e 46 415 e 

Fruit Number and Pollinizer Variery. Figure 6 and Table 4 present the cumulative fruit COWlt 

results by pollinizer variety. Pollinizer variety had a significant ímpact on the fruit number 
withln row. or when the pollinizer was adjacent to ' Hass', however there were no differences 
due to pollinizer variety as dístance from the pollinizers íncreased. Even though there was no 
dífference between pollínizer varieties 1 or 2 rows from the pollínizer trees, if all data across 
rows is combined, a statistical difference is detected. In this study, proximity to ' Fuerte' resulted 
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in the overall highest ' Hass · yields followed closely by 'Zutano· and ' SirPrize'. Kobayashi et al 
(2000) using genetic markers also reported enhanced 'Hass' yield when 'Fuerte' was in close 
proximity as compared to other B-Fiower type avocado. They also reporta proxim.ity influence 
on fruit yield, higher yields closer to pollinizers . 

Table .J. • Hass· fnut count per tree as influenced by pollinizer variety and distance from the 
pollinizer. Mean scparation using Student-Newman-Keuls Test. P<0.05 (n.s. = not 
signillcant) . 

Closcst Distance from Pollini:t-er (mcters) 

Polli.nizer o 7.6 15.2 All RO\'fS 

Bacon 547 ab 432 n.s. 373 n.s. 451 be 
Ettingcr 619 ab 544 429 531 ab 
Fuerte 675 a 492 523 563 a 
Harvest 480 b 444 304 409 e 
Marvel 554 ab 495 423 492 abe 
Nobel 540 ab 574 456 523 ab 
SirPrize 668 a 514 473 552 a 
Zutano 616 ab 553 511 560 a 

Fruit Characreristics as injluenced by Po/linlzer Varlery. Average fruit weight was calculated 
by di viding the total nurnber of .fruit harvest by the total weight per tree. In 2002 and 2004 (high 
production years) there were signifícant differences in average fiuit weight related to pollinizer 
variety. Not surprisingly, in the treatments which had nigher frui t numbers, average fruit weight 
was smal ler. Average fruit weight across aJJ pollinizers and distances ranged from 205 to 228 g 
in 2002, 222-263 g in 2003, 207 to 230 g in 2004 and 282 - 296 g in 2005 . 

Table 5 presents the results ofthe dJy weight measurements and comparesthe 2005 data with the 
data collected in a similar manner to 2004. Note that in both years 'Hass' fruit from the 'Nobel' 
pollinizer (Ows had the highest dry matter whereas the ' Hass' from the 'Marvel ' pollinizer rows 
had the lowest. A difference between the 2 years of sampling is seen with 'Hass ' fruit from the 
'Zutano' pollinizer rows. In 2004 this sample had the second highesl dJy matter \vhereas in 2005 
the dry weight is the second lowest. The 'Hass' trees in this experiment bloom for an extended 
period and these apparent differences in dry weight may be related to the timing of fruit set and 
synchrony with the pollinizer in terms offlowering and fruit set. 

Table 6 presents data collected both years for the fruit length/width ratio and the seed 
lengthlwidth ratio as well as the seed percentage for 2005. Note that in 2005 the 'Hass' fruit 
from the ' Fuerte' pollinizer row had a slightly more elongated fruit as compared to the 'Hass' 
fruit coming from the ' SirPrize' poUiniz.er row. There were no significant differences detected 
in 2004. The seed length/width varied between both years, however in both years 'Hass' fruit 
from the 'Fuerte' and 'Harvest' pollinizer rows had slightly more elongated seed . 

In 2005 we were able to al so ascertain tbe seed percentage of the total fruit weight. In tbis case, 
·Hass' fiuit from the ' Fuerte' pollinizer row had the smallest seeds and fruit from either the 
·Bacon' or 'SirPrize' pollinizer rows had the largest percent seed. These data suggest tbat out-
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crossing may be occurring and that pollen parent is influencing fmit shape and seed size. The 
occurrence of metaxenia has been previously reported for avocado (Degani et al, 1990; Gafni, 
1984). A weakness of this study has been our inability to test for parentage of the 'Hass· fruit. 
In a companion project, Dr. T. L. Davenport is collecting patemity data using microsatellite 
markers. 1bis data should help us to interpret these results . 

Table 5. Average 'Hass' dry weigbt for 2004 and 2005. Fruit 
harvested both years in April from poUinizer rows. Mean 
separation by LSD, P<0.05 . 

Pollinizer 2004 2005 

Bacon 25.34 ab 27.42 abe 
Ettinger 25.30 abe 26.44 be 
Fuerte 24.80 be 27.30 abe 
Harvest 24.95 be 28.06 ab 
Marvel 24.45 e 25.88 e 
Nobel 26.20 a 28.72 a 
SirPrize 24.94 be 26.90 abe 
Zutano 26.08 a 25.92 e 

Table 6. Average ' Hass' fruit lengthlwidth ratio, seed lengthlwidth ratio and percemage seed per 
fruit. Fruit harvested from pollinizer rows in April 2004 or 2005. Mean scparation by LSD . 
P<0.05 (n.s. = not significant) 

Closest 
Fruit length/-width ratio Sccd lengthlwidth ratio 

2005 Seed% 
Pollinizer 2004 2005 2004 2005 of fruit weililit 

Bacon 1.29 n.s. 1.45 ab 1.13 be 1.13 b 12.47 a 
Morvcl 1.40 1.47 ab 1.14 be 1.16 ab 12.01 ab 
Nobel 1.43 1.50 ab 1.15 abe 1.17 ab 12.09 ab 
Ettinger 1.37 1.47 ab 1.11 e l.J 5 ab 10.55 be 
Fuerte 1.39 1.52 a l.l9 a 1.20 a 9.91 e 

Harvest 1.45 1.49 ab 1.18 ab l.l9 a 11.99 ab 
SirPrize 1.37 1.42 b l.l5 be l.l O b 12.39 a 
Zutano 1.37 1.46 ab l.l1 e 1.13 b 11.70 ab 

The preli minary results from this study confirm the observations of Bergh et al (1966) that the 
use of pollinizers can enhance yield of avocado. These data also suggest that the choice of 
pollinizer variety may also be important. 

E. To maintain and improve the CAS variety block and the Pcrsca germplasm block 
located at tbe UC South Coast Research and Extension Center . 

An accurate plot map has been generated for the CAS Variety Block at UC-SCREC. Any 
changes to the planting are being recorded in the master database maintained by David 
Stot11emyer. The UC-SCREC avocado volunteers have been instrumental in maintaining this 
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block. The volunteers graft s~·eral new andlor historical varieties on an on-going basis. Fields 
44 and 46 have been maintained and kept in order through regular pruning and constant 
obsenation by bolh lhe lab personnel and the volunteer staff. In addition, the sprinkler lines in 
field 46 ha\ e been replaced and updaled in coordinatioo w/lhe SCREC personnel. 

F. To insure the timely and effedive dissemination of information developed from tbis 
researcb program . 

The current avocado web site at: www.ucavo.ucr.edu has been on-l ine since June 1998. The site 
is periodically revised and updated with new ínforrnation and photographs of different varieties . 
Leaf photogTapbs showing both flush and mature leaves are currently being added to the web si te 
with plans to add tree photographs as well. Questions sent via e-mail or forwarded from the 
Cali fornia Avocado Commission are answered on an ongoing basis . 
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Figure 1 Variety trial yield data (average fruit count per tree) collected from Field 4 at the UC 
South Coast Research and E..ueosion Center in lrvine, CA from 1999 - 2005. Trees were 
topworked onto seedling rootstock. in 1994 - 1996 . 
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Figure 2 The Coefficient of Variation {%)in yield {fruit number) for each variety from Field 4 
at the UC South Coast Research and Extension Center in Irvine, CA from 1999 - 2005. Yield 
data for 'Harvest' incomplete as of September 2005 . 
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Figure 3. Seasonal trends (2000 - 2005) in dry weight accumulation for GEM from January 
through October at the UC Soutb Coast Research and Ex1ension Cenler, lrvine, CA. 
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Figure 4. Comparison of average bloom dates for two years for all varieties from February 
through May at the UC South Coast Research and Ex1ension Center, lrvine, CA. 
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Figure 5. Distance f-rom pollinizers influences the cumulative yield of 'Hass'. Data collected 
from 2002-2005 From the DeBusscbere pollinizer lrial near Oxnard . 
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Figure 6. Cumulative 'Hass' fruit number (2002-2005) as a function of pollinizer variety. Data 
pooled across rows O- 2 (O- 15.2 m). Data collected from the DeBusschere pollinizer tria! near 
Oxnard, CA. 
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Genealogical Relationships Among Cultivated 
Avocado as Revealed Through RFLP 
Analyses 
J . Davis, D. Henderson, M. Kobayashl, Matthew T. Clegg, and Michael T . 
Clegg 

Anonymous DNA fragments from the genome of cultivated avocado (Persea amer
icana Mili.) were cloned into a plasmid vector and used to screen a total ot 36 
cultivars. There is a hlgh level of polymorphism among cultivars allowing all cul
tivars to be assigned a unique genotype based on 14 genetic loci. A cluster analysls 
of genetic similarities among cultivars revealed three major clusters that corre
spond to the three major racial groupings of cult ivated avocado. Additional clusters 
appear to reflect cultivars derlved through interracial hybridization . 

The cultlvated avocado (Persea umeri· 
cana) is comprised of three botanlcal rae
es: P. americana var. americana (West ln
dian race), P. americana var. drymifoUa 
(Schect. & Cham) Blake (Mexican race), 
and P americana var. guatemalensis Wms 
(Guatemalan race) ( Bergh et al. 19i3; Po
penoe 1941). The or igins and domestica
tion of the various races is obscure. and 
in fact the appeUation West 1ndian is a mis
nomer because avocado was lntroduced 
10 the West 1ndies lrom Central America 
by the early Spanísh settlers (Popenoe W . 
Zentmeyer G. and Schelber G. unpublished 
manuscript). Many of the named cultivars 
oi avocado are selections frorn open pol
linated progenies and the pollen parent is 
often unknown or a matter of specu1ation . 
In sorne cases. the open pollinated se1ec
tions that yie1ded successful cult ivars are 
believed to have arisen from interracial 
crosses. Thus. for example, the cultivar 
H~s. the predominan! commerclal culti
var in California was first obtained as an 
open pollinated seedling of unknown par
entage (Seelye 1994). Current speculation 
arnong avocado breeders (Bergh R and 
Martín G. personal communication) is that 
cv. Hass ls derived frorn a Guatemalan x 
Mexican hybrid that was then back
crossed to a Guatemalan pollen parent. lt 
JS now possib1e to test this and similar 
speculatlons regarding genealoglcal rela
tionships among avocado cultivars using 
molecular markers. 

The traditíonal bases for inferring par
entage have been morphological or were 
based on the proximity of a potential poi
len source. lt is very dlfficult to produce 

frult where the pollen parem is known 
with certainty because the mature avoca
do tree produces in excess of 1.000.000 
nowers but fewer than 1 .000 are destined 
to yield mature lruit. Most fruit drop prior 
to maturity. 1eaving a small residual of suc:
cessful pollinations . 

Genetic markers provide a way to estab
lish both the parentage ol lndívidualtrees . 
and through retrospective analyses. to in· 
fer the likely genealogical histories of par
ticular cult ivars (Mhameed et al. 199i). In 
an init ial attempt to explore avocado re-
1ationships using genetíc markers. we in
vestigated a nurnber of cultivars and rnem
bers of other closely related Perseo spe
cies (P. floccosa Mez. P. nubigena L. Wms. 
P. steyermarkii C. K. Allen, and P. shiedeana 
Nees) using rDNA. nuclear gene. and chlo
roplast DNA probes (Furnler et al. 1990). 
These data revealed that all three races 
are dislinguished by unlque mutatíons 
and the data provided support for the hy
pothesis that the Guatemalan race origi
nated through hybridizat ion between P 
nubigena and P. steyermarkii. Furnier et al. 
(1990) concluded that P. americana could 
be expanded to include P. 1/occosa. P nu
bigena. and P steyennarkii as one large 
species which concurs with the earlier 
recommendations of Bergh et al. (1973) 
based on the analysis of terpene patterns. 

In this article we expand our analyses of 
genealogical relationships within .:ultivat
ed avocado through the use o! anonymous 
RFLP markers. Knowledge of genealogical 
relationships ís of more than academlc in
terest; accurate information on genetic re
lationships ls fundamental to the design of 
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· ------~----~--~----~--------------~------------~----------~--~ 22 11 22 22 44 ;; 11 22 13 ll 22 21 11 33 33 11 3-1 JI 22 33 • Arue 
81()1ld0 e Colhmed 
Pollod: 

• Celloll$ 
Anaherm 

• Esther 
e Nabal 

Reed 
• Oaily JI 

U Ada e Namhoh 
Fuertt 

Noga 
HX4R • • Gwen e Hass 
H67() 

• H2S7 
Bacon e Zutano 
Lvon e Thille 

• PJnkerton 
Whltsell 

• Rmcon 
Teagut e nukl': 
Thoma< 

• lgnacl(l 
• <Anter 

Y ama 

:!2 11 22 :!2 44 77 11 22 11 } 1 22 22 11 33 33 1 1 3-1 11 22 33 
22 11 22 22 22 46 11 22 11 13 22 22 11 33 23 11 11 22 23 
22 IJ 22 22 22 " 11 22 11 JI 22 22 11 33 33 11 3-1 11 21 33 
22 11 22 22 23 66 n 22 11 11 n 22 11 33 33 44 11 12 23 
22 11 22 22 23 44 11 23 11 33 2J 22 12 34 33 22 33 11 22 22 
22 11 22 22 3:1 44 11 23 13 33 23 22 ti 33 33 12 33 11 22 22 
22 11 2~ 22 33 44 11 22 13 3.1 :t! 11 34 33 22 34 11 22 22 
22 11 22 22 23 34 11 22 15 33 22 22 12 :14 12 22 34 ll 22 23 
21 11 22 12 22 46 JI 22 H 33 23 22 JI 33 12 22 34 JI 22 33 
22 11 u Z'l 22 44 11 22 33 23 2~ 11 33 lt 22 33 J J 22 23 
22 1 J 22 22 22 44 11 22 14 33 33 22 11 33 11 22 33 11 22 23 
12 1 1 2~ 22 22 44 1 J 22 13 33 12 2~ l l 33 23 12 23 ll 2~ 33 
) 2 11 2~ 22 22 44 11 22 33 33 12 22 11 33 23 22 33 1 1 22 23 
22 l l 22 22 23 24 11 22 33 33 22 22 11 33 :JJ 22 34 11 22 34 
22 11 2:2 22 22 44 11 22 D :l~ 33 ~2 ) 1 33 33 22 33 ll 22 33 
21 11 22 2~ 22 44 11 22 13 33 23 22 11 33 33 22 3-1 11 22 23 
22 11 22 22 23 44 11 22 13 33 23 22 ) 1 33 33 22 34 l ) 22 23 
22 11 22 22 23 24 11 22 11 33 :¡:\ ~2 ) ) 33 33 1 ~ 34 11 22 23 
23 11 12 n 2:1 zs 11 23 13 33 33 2~ 1 1 33 23 22 23 11 22 14 
23 11 1 ~ 22 :1:.1 4S 11 23 13 :)3 3:1 22 1 1 33 12 12 23 11 23 34 
22 11 2~ 22 23 24 1 l 23 11 33 3~ 22 l l 33 13 12 33 11 22 ~4 
22 11 22 22 23 44 J 1 23 13 33 23 22 11 33 33 12 33 11 22 23 
22 11 22 22 2:? 44 11 23 11 23 23 22 11 23 33 22 23 ll 22 23 
12 11 22 n n 24 11 23 13 33 3J 22 11 23 :n 22 34 11 22 34 
1:1 11 2~ 22 23 ~4 11 n 1 :> 3:1 13 2~ 11 2:1 23 12 22 11 22 33 
:¡;¡ 11 2~ 22 2~ 44 11 22 33 33 13 2~ 11 33 ~2 12 23 ll 22 3~ 
13 11 D 22 22 45 11 22 33 :!3 33 2~ 11 23 ~2 1 ~ 2J 11 22 1 :¡ 
:J3 11 12 22 24 58 ll 23 33 33 3.1 22 11 23 2! 12 :!2 11 23 t:l 
13 11 12 n 2~ <M 11 u ~{3 23 33 22 11 n z~ 11 2~ 11 23 22 
3J 11 n 2:t ~3 45 11 22 33 33 13 2~ 11 33 ~1 1 ~ n 11 :!2 11 
;\3 11 22 21 24 4S 1 1 22 33 33 1 J 2~ 11 23 21 11 34 ll 2~ J.1 

• MeXJCOiil J:1 ll 11 22 24 ~~ ll 22 33 ¡:¡ 2~ ll 2J 2! ll 34 11 2~ 3<1 
11 3~ u n o~.~ 11 22 33 23 3.1 2~ 11 2:~ 22 1 1 23 u 22 :n 
ll 2~ 22 23 fl..• 11 22 33 :?'! 33 2~ ll 3.1 22 12 4~ 11 22 33 

Ouk~ t :n e Topa Topa 33 
ll 12 :?:1 z:? 4ll 11 Z2 3.1 2: l,1 22 11 33 22 1! ~4 1 ¡ "!.2 :u 
11 11 11 2~ 15 11 12 55 :1~ 24 11 :1:1 ~:! n 2~ :n • 

Kllan 3~ 

P <ch1ent1~uno :n 
ll ~- 22 23 13 ll 22 45 33 24 lZ ll l1 13 :!2 l3 11 " '' 
11 21 u L! 1-i J.! 22 :!;, :n z..¡ 1:: 11 J:~ ~u !Z ~:~ n • Gi55C 2~ 

G755A 2:.! 1~ :!,1 • • Each column r(>t1lams lh~ dnth fur ~ spt>crnc RFU' ¡>r<>l)e . 

• e elficJent plant improvement stra1egies anct 
e such knowledge ls essential ior elfe<.:live 

germplasm conservatlon. The data from 
• this study reveal a high degree of poly-
• morphism !or anonymous nuclear DNA 
e !ragmenls. confirming the impression thal 

cultívated avocado possesses a rích and 
• díverse gene pool. Cluster analysís among 
e a set of 36 cultivars, based on a measure 
e of genetlc similarity. reveaf grouplngs thal 
e conform with racial designations and thal 

appear to distinguish cultlvars derived 
e from interracial hybrids. Thus RFLP anal· 
e yses appear to provide a power!ul basis 
e for inferríng genetic relationships among 

• cultivated avocados. 

• • Materials and Methods 

e Plant Materlals 
Collections of avocado germplasm are 

• maintained at the Uníversity of California 
e South Coast Field Stat ion and on the cam-

• • • • • 

pus ol the University of California. River· 
side. Because the method o! avocado 
propagation ls clonal. based on bud graft
ing. each cultivar represents a single ge-
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notype. Table l provídes a list of the cul· 
fivars surveyed and their source. In addl· 
tion. P. sc!líedeana was included asan out
group in the cluster analyses. 

DNA Preparation 
DNA was extracted from 10 g of newly 
emerged leaf tlssue using a modíficatlon of 
the protocol of Rawson et al. (1982). The 
leaf tissue was hornogeníz.ed in 50 mi o! 
grinding bulfer ( 100 mM Tris. 25 mM 
EDTA. 0.35 M sucrose. 50 mM KCl. S% po
lyvinylpyrrolidone. 1 O mM dlethyldlthlo
carbamic acid. 0.2% mercaptoethanol) us· 
ing a small Waring blender. The homoge
nate was filtered through cheesecloth and 
centrifuged at 12.000 e for 20 min (4°C) 
The pellet was resuspended in 6 mi of Jys. 
ing buffer (100 mM f.DTA. 50 mM Tris·HCI 
pH 8.0. 2.5% Tríton X·IOO, 2% sarkosyl. 50 
IJ.g/ml Proteínase K) and incubated at 37•c 
in a shaking incubator for 2 1:. The lysate 
was centrifuged at 15.000 G for 10 min 
(4"C) and tl1e supernatant was precipita!· 
ed with 2/3 volume isopropanol at - 2o•c 
for 30 min. The precipitate was pelleted at 
20.000 G !or 15 min. (4.C). The pellet was 

resuspended in TE. buffer ( JO mM Tns-HCI. 
1 mM EDTA pH 8.0) and the DNA purified 
through a single CsCJ gradient (rf = 1.39()... 
1.395) as described by Rawson et al. 
( 1982). The DNA sarnple was prectpi tated. 
washed with 70% ethanol. dried under 
vacuum. and resuspended in TE buffer at 
a concentration of 1 f..Lg/f..LI. 

Cl on lng Anonymous DNA Fragments 
Total DNA from cv. Hass was dígested wíth 
the restriction enzyme f'stl and síze frac· 
tlona1ed on 1% agarose gels. (f'sll was 
used to select against chloroplast DNA be
cause it cuis the chloroplast genome in!re
quently into relatively large fragments.) 
The lraction corresponding to approxi· 
mately 400 bp ín size was eluted following 
standard procedures. The size fractionat
ed DNA was hgated into a pUCI8 vector 
and translormed into E coh strain JMJOJ 
following established procedures (Sam· 
brook et al. 1989). Recombinant colonies 
were selected and minipreps of DNA were 
screened to veri!y insert size. and these 
were !urther analyzed Yia Southern trans· 
!ers to exclude any chloroplast.derived in· 
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Tablt 1. I:.Xtcncled 

;4R\ flOR\ ~5R\ 1 JOR\ l i7R\' l21R\ 364R\ 366RV 26lll 50[1] 53111 64-\ln 648111 73111 i4111 80Ul 951!1 11()111 1171Jl 121111 364111 366111 
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11 
11 
11 
11 
11 
11 
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:1 
:1 
:¡ 
11 
11 
34 
11 
13 
13 
~4 

14 
44 
13 
33 
13 
13 
13 
13 
3.1 
ll 
14 
14 
14 
14 
3<1 
:w 
13 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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:n 
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13 
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13 
11 
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44 
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11 
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ll 
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11 
ll 
11 
l. 
1' 
1 
lt 
11 
ll 

1 
11 

sen~ Clones wtth appropnate inserts 
were ~creened agalnSl Southern lranslers 
of DNA !tom t!ach o! lhe lhret! races o! av· 
ocado to estnblish whether the result lng 
RFLPs were both smgl~copy and poly
morphic. Finally. selecled clones were 
u sed as probes to an F. pro gen y derived 
from self.fertillzed Hass to ve rlfy nuclear 
inheritance. 

Southern Transfers 
Ten mlc rograms oiiOial planl DNA was dl
gested with the restriction em:ymes EcoRI. 
EcoRV. and Htndlll and elector phoresed on 
0.8'\ agarose gels for 4 h at 50 V. The DNA 
wtthtn the gel was depurmated ~<'it h 0.25 
M HCI dena1ured wilh O 4 M aOH. and 
1ransferred b\ capillary blot technique 10 
Genescreen nylon membranes under al
ka1 tne cond1tlons (as descr ibed b) the 
manufacturer: DuPont. Boston) Probe 
D:'\A (0.2 iJ.&I was labeled with ,zp by the 
method of F1enberg and Vogelstein (1983) 
and hytv ll1zed to the Southem transfers 
(Southen 1975; 

Data Analyses 
A genotype was assl¡.¡ned to each cultivar 
lor each probe. Because each cultivar rep-
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resents a smgle genotype there are no 
sarnpling consJderallons and the gene lre
quency tor a given allele wllhtn a cultivar 
is ei ther 0.0. 0.5. or LO We calcula1ed a 
similarity measure (S) between a pair ol 
cult ivars as the proportion o! alleles 
shared in comrnon be1ween cult lvars. Sup
pose for example. thal cul tivars A and B 
have genotypes a,a~ and a .• a •. res pect lvely. 
and suppose that a , = a., .,. a, anda, • a, 
= a •. then two of the four genes are lden
tica1 between A and B. and S = 0.5. As a 
second exarnple. suppose the genotypes 
of A and B are a,a_ and a a,. respectlvely. 
and s uppose that a = a) = a, and a "' 
a3 ,a,. then S = 0.5. because agaln t~·o 

genes are identical between A and B lf 
a1.a! - a,.a, then S = 0.0. and if a a,. a. 
= a . ora = a, and a. = a, then S- 1 O 
The average stmilartty is '::Sin v.;here 
lhere are n loci A UPGMA clus ter analys1s 
was then preformed on lhe matri>. of av
erage similanties (Sneath and Sokal 1973). 

Results 

Polymorpbism Among Clones 
More than 1000 putative clones wPre 
screened fo r inserts of the appropriate 
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JJ 
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~1ze and 20 clones with the appropnate in
sen s ize were tested against a panel ol av· 
ocado DNAs that represented each ol the 
three major races. Fi!teen of the screened 
clones were "single copy" In that the 
banding patterns appeared 10 correspond 
to those expected from one or two genet1c 
loci. Five of the clones produced complex 
banding patterns character istic of repeat
ed gene lamil ies . 

An example of the bandlng pattem as
soclated with one probe hybridized to a 
Soulhern transfer containing a wide spec
trum of cultívars is shovm in Figure l . A 
subset o! 13 probes thal.-resolved a total 
of 14 genelic loci was used to screen a set 
ol 36 cullivars and P shiedeana ( repre
sented by the G755A and Gi55C entries) 
Every culuvar was uniquely ident i.fied m 
the sense thal each cult ivar was d1stmct 
from a ll o thers for at least one genet1c lo
cus (Table 1). The numbers of alleles per 
locu~ ranged from one (SOR!) to seven 
(73RI). In general there is a high level o! 
polymorphism associated with the probes . 
consisten! wilh the complex breeding hls-
1ory and henc.e the broadly based gene 
pool ol cull iva ted avocado. 

Dav•~ e: 111 • Genealog•cal AelaiiOnsh•ps Amortg Cultvaleo Avocado 321 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • . Figure 1 

• • Clu.ster Analysls or Genotyplc Data 
figure 2 presems a dendogram that de

e picts the relationships among the culti
• vars screened. Al so indicated on the figure 
• are the racial deslgnatlon or the presumed 
• hybrid origin of the various cultivars. Sev-

era! features ol the data are evldent from 
• the dendogram: (1) all cultivars are geno
• typically unique; (2) cultlvars cluster wlth
• in racial grouplngs so the genetlc data 
e conform to the botanlcal deslgnauons; (3) 

many cultlvars appear to be of hybrld or
e igin because they a re placed in two dus
. ters that fall between the racial groups; 
e and (4) the Guatemalan and West lndian 

races are more s imilar to o ne another than 
• either is to the Me.xlcan race based on 
• RFLP genotype. Thts pattem ls conststent 
e v.rith the presumed geographlc origms of 
e the various races ( Popenoe W Zentmeyer 

G. and Schieber G. unpublished manu
• scrlpt) 

• 
• Discussion 

• lt is lmportant to be able lo average over 
e a number of genetic loci because lhe ge-
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netic relalionships among cultlvated avo
cados reflect a complex breeding history 
(Ciegg et al. !993). The transmisslon path 
associated with any particular gene may 
not reflect the average hlstory o! the many 
loci that comprise the genome. Because 
we are able to average over a number ol 
polyrnorphic loci. these data resolve the 
genealogical relationships among avocado 
cultlvars. including patterns of retlculate 
descent where interracial hybrldlzation 
was imponant. The results of this artlcle 
may be contraste<! to those of Mhameed 
et al. (1997). where minisatelllte markers 
were used to assess relationshlps among 
24 cultivars. Un!ortunately many of the 
culuvars included in the pre.sent study dlf
fer lrom those used b) Mhameed et al 
( !99i) . so it is not possible to make a com
prehensive comparison between the two 
studies. The cultivars that are common 
between the two studies do show broadly 
similar relationships. Thus. lor example. 
the interracial hybrid origin of Hass and 
Fuetre is a lso confirmed by Mhameed et 
al. (1997). however. Hass maps closer lo 

Amo 
Biondo 
C..lllru'W Wes<IIMIWI 
Pollod: 
Cdlon 's Bawoii 
AaaiMim 
EAIIer 
NU.l 
Rted G~kmalu 
OaiiY 11 
u..ia 
NuD!ieh 
f'.utt 

'op 
BX.&S 

Jlybrid c.-, 1 

Hybrid Group 2 

'------p sth~ 

flgur~ : Oendogram of cluster relalionsbips based 
un a malto. ol the a ver3gt> numi>er ol ~nes shued In 
commor ~wetn pans of cult"'ars The majo· clus· 
tersare •dentiñed b~ racial group or as ol h~ bnd or-

'R'" 

the Mextcan representative lhan w the 
Guatemalan representative in their Figure l. 

A knowledge of genealogical relation· 
shlps has already proved usef\JJ to the UC 
Rlverslde program of avocado improve
ment For example. the pollen parent of a 
semldwarfing cultivar of considerable 
commerclal promise (Gwen) was un
known. The maternal parent was the cul
tivar Thille, and it was postulated that the 
pollen parent was Nabal; however. the 
RFLP data exclude Nabal as a pollen par
ent and suggest lnstead that Gwen result· 
ed from a Thille x Hass cross. As a second 
example. RfLP genotypes have proved 
useful ln the identification and veriñcation 
of germplasm materials for the commer
clal nursery industry. FinalJy. a rich source 
of molecular markers is essential for ge
nome mappmg and to trace genetic trans
mtssion patteros. Thjs latter issue has be
come particularly important in recenl 
years because there lS a c ross-pollmauon 
requlrement In avocado that may ai(ect 
yteld Markers provide an experimental 
means to establish a relationship between 
yleld and out-pollination by detecting the 
lrequency of outcrossing events among 
mature fruits . 

The long generatíon times and complex 
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breedtng system of avocado has tended to 
lrustrate genetlc analysrs In the past. Mo
lecular markers promtse to help overcome 
sorne of the!>e obstacles and to proV!de a 
wealth ol new inlormauon. As shown in 
th1s study, markers provrde a basis for in
ferrlng genealogical relationsh1ps. thereby 
revealing nev. rnformauon about the pro
cess of domesllcation Moreover molecu
lar markers have proved to be useful tools 
for asklng practica! quesuons to guide av
ocado management <;trategles Undoubt
edly a host of additronal apphcations wíll 
appear as these technlques become better 
establlshed. 
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Root tl eaJ;th, ... 

M~to-C(}r(tycJL'R('Xft'V~ Ú'\1 

Av~~CLt"r'~ 

M ulch, as a basic concept, is very broad 
and includes many materials. 
Any layer of plant residue or mate

rial that occurs naturally or is applied to the 
soil can be considered to be a mulch. This in
eludes materials such as manure, sludge, saw
dust, wood-chips, straw, shredded prunings, 
plant foliage, paper, plastic, sand, and grave!. 
Most benefits from the use ofmulches in agri
culture are derived fr om improved physical 
properties of soil related to increased organic 
matter content3s.". The application of t hick 
mulches on the soil surface has the potential 
to create soil conditions that are beneficial for 
citrus and avocado growth while at the same 
time being deleterious to pathogenic soil or
ganisms such as Phytophthora'·7 and nema
todes6.". The benefi ts from organic mulches are 
well documented in agricultura} litera
turezs.38.4.?,4s. 

l. M ulching conserves water use by: 
• reducing evaporation from the soil, 
• reducing run-off and erosion, 
• increasing the permeabili ty of the soil 
surface, 
• increasing the water holding capacity ofthe 
soil8

·'
5·25.45

• 

J ones et al. 23 stated tbat, for citrus pro
duction, it is essential to have a high water 
infiltration rate which will serve two functions: 
supplying water to the plant and removing 
salts from the soil. Organic matter increases 
the number of macropores (0.5-50,um) in the 

soil that hold the water necessary for the 
growth of plants39

• Heavy clay soils, in which 
root rot is most severe, are composed mostly 
of micropores wi th very few macropores. 
Mulched soils with a high organic matter con
tent will have a greater amount of water avail
able to plants a t field capacity. Increasing pore 
size clistribution allows better utilization of the 
top 12 in ches of soil, which is the area that is 
the most fertile and aerated. It is also the area 
in which citrus and avocado roots are most ac
tive. 

2. Mulching can be an effective control 
of weed growth, thereby reducing the amount 
ofherbicides needed '~. When applied to bare 
soil , a tbick layer ofmulch can prevent germi
nation of many annual species38

• Lord et al. 30 

found that a hay mulch in combination with 
simazine was effective in controlling weeds. It 
was proposed that a hay mulch was also supe
rior in reducing simazine residues and soil 
leaching compared tono mulch at all, and that 
the hay absorbed simazine and enhanced its 
degradation. 

3. Addition of organ:ic matter int.o the 
soil by mulching improves soil structure and 
porosity11•1s.45• Organic mulches cause fine el ay 
particles to aggregate into larger granules the 
size of sand particles45

• As organic matter de
compases, compounds are formed that cement 
soil particles togetherinto stable aggregates25·sa. 
This allows greater movement of gases (C02 
and 0 2) into and out of the soil. The mainte
nance of high levels of organic matter in the 
soil is a primary factor in soil fertility. The 
average citrus grove in California has less than 



• • 
• 17c organic matter in the soil. 
• 4. Mulching can eliminate or reduce 
• ground water ni trate contam.ination byprovid-
• mg a continuous slow release of nitrogen, 
• thereby reducing the need for nitrogen applied 
e as chemical fertilizer' 45

• Legume mulches or 
• leaf)· plant material provide the most nitro-
• gen, as well as many minor elements. Marked 
• mcreases in soluble nitrogen, phosphorus, po
e tassium, calcium, magnesium, and boron were 
e obsef\·ed under a mulch45

• Parker and Jones4D 
attributed larger fruit size in nave) orange to 

41 increased pot.assium levels after additions of 
• bulky organic mulches. Weeks, et al. 53 found 
• that. mulched plots maintained a reserve of 
• nitrogen even aft.er mulch application had been 
• discontinued for nine years. It was also re-
• ported that phosphorus levels were eight times 
• higher in the mulchcd plot compared to the 
e no:1-mulched control plot. Organic matter in· 
e :rea~e~ tne cation cxchange capacity of soil. 
e 3:, ·nc:-easmg the cation exchange capacity oí' 
e ~-.-::- soi •. the c\'atlability ofmany nutrients to 
• p.an~ root:- 1~ mcrea:o:.ed::. \Vander and Gourley5.? 
• founo that mulchmg v,ith wheat straw or soy-

~lea:1 hay pre\'ented the fixat10n ofpotassium 
• ~: i.ht> ~oil :-wface and allowed applied potas-
• -·~" w -cmai t mcbile and penetrate to <:. 
• !:"'"{'?.~e: ci<>otr in thc scll 
6 5. ~~luldung reduces v.ide f1uctuations 
e 1:l :o:oil temperature by reducing the soil's heat. 
e r:.bsorption · '·. Th.i:-; results in improved rool 
e ~rowth, espPcially in young trees and in areas 
• where swnmer tempcratures are very high. 
• 6 . .Mulching prevents dispersion of the 
• soil surface by rain droplets~. A thick layer of 

mulch v.ill also reduce compaction due to me-
• chanical acti"·ity, such as harvesting or spray-
• ing operaüons38

. 

• 7. There are also indications that 
• mulching can control root rot caused by Phy-
• tophthora in both citrus and avocado, espe-
• oally when combined with applications of gyp-
• sum' ·. Hoi tink. et al. ~~specuJated that composts 
• prepared from tree bark may release inhibi-
• tors of Ph.\tophthora spp. Zentmyer5 found 
• that aJfalfa mea) mixed Vvith soil at rates of 1-
• 5 lic ga"e good control of Ph,vtophthora root rot 
• in avocado. Researchers in Mex1co have con-
• trolled Phytophthora in avocado by mulching 

with alfalfa straw and bovine manure'1
• lnten-

• si ve mulching and applications of gypsum are 
• used in Australia wherc they have effectively • • • • 

2 

controlled Phytophthora root rot in avocado7
• 

Nematodes in citrus may also be reduced by 
mulching". 

There are, of course, problems with the 
use of mulches. 

l . The application of mulches can be 
very costly on a per tree basis. 

2. Mulches can increase the danger of 
frost damage by insuJating the soil and pre
venting the soil from warming the orchard3l ~. 
This can be minimized by applying mulch only 
under the tree canopy and leaving the soil be
tween rows bare. Also, ifmulches are applied 
in late winter, there may be sufficient time for 
them to decompose before the next winter, re
ducing the chance of frost damage. 

3. MuJches may introduce weed seed 
into the orchard if they have not been ¡,hor
oughly composted. 

4. Sludges may contain contaminants 
su eh as hea\'\' metals wh.ich could accu:nulate 
in fnút at con.centratJons dangerous to consum-
ers·. 

5. Certa.in mulches ,,;th hign carbon- (
w-nitrogen ratioc:: ha\'€· msufficient n.itrogen to 
scpport the increased popuJations of rnicroor
gunisms that are produced dunng decompos;-
tion. This can cause a short term nitrogen de
ficiency wh.ich would necessitate increased ni
trogen fertilization25

• 

In the early days of citrus production, 
mulching was a comrnon practice; but it was 
largely discontinued in the 1940s when cheap, 
easy-to-apply chemicals became a\·ailable. 
Sorne growers continue perioclically to apply 
manures to citrus and avocado groves. Craigl 
reported that t.he use of bean, barley, and al-
falfa straw increased nave) orange production 
by 25o/c and al so conserved water. Hodgson ' f 

recommended that at least half of the nitro-
gen required for citrus trees shouJd be applied 
by mulches, especially to young trees. Valiese 
found that a treatment of cow manure, rock 
phosphate, and green leguminous manures • 
was far superior to any other fertilizer treat-
mcnt in trials in Rubidoux on navel and 
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valencia oranges and on lemons. In trials in 
Arlington, navel oranges treated with a va.ri-
ety of mulches yielded the same as nitrate-
treated trees, 10% more than trees treated with 
ammoniwn nitrate, 27% more than manured 
trees, and 39% more than trees without fertil-
izer. In experiments in Chaffey and several 
other locations, Vaile50 showed that citrus plots 
mulched with wheat straw were superior to 
all other treatments. In one experiment, wh2at 
straw-mulched trees fertilized with ammo-
nium sulfate yielded 36% more fruit than trees 
fertilized with ammonium sulfate only. Vaile51 

concludes that "concentrated inorganic fertil-
izers used persistently without bulky organic 
material will not permanently maintain 
healthycitrus trees Wlderthe conditions which 
prevail in Riverside." McNees34 and D. C. 
Leffertsze also strongly recommended mulching 
for improving yields as well as soil conditions. 
Kellyl\ who provided one of the most learned 
treatises comparing fertilizers, concluded that 
alfalfa straw is one ofthe most valuable addi-
tions to citrus orchards, since it both supplies 
N fertilizer and conditions the soil. Part ofthe 
tremendous improvement in yield imparted by 
mulches in those early days may have been a 
result of minor elements they provided. Zinc 
and manganese fertilization was not routinely 
practiced at the time. 

Despite the favorable reports on the use 
ofmulches in citrus groves, mulching was not 
widely adopted as a standard practice. This 
was due to the incompatible nature of furrow 
irrigation with mulch application and the high 
cost ofmulching compared to easy-to-apply in-
organic fertilizers. The advent of Wldertree 
mini-sprinkler irrigation makes the use of 
mulches in citrus orchards much more attrac-
ti ve . 

Although mulching, especially with 
green manure, appears to uniformly increase 
yields of citrus, the practice of growing cover 
crops between the rows of citrus seems to re-
duce the yields in many cases. This is prob-
ably dueto competition between citrus and the 
cover crops for water and nutrients. These con-
clusions are reached in spite ofMertz's35 glow-
ing sentiments when he pro ved that "green ma-
nured" trees were superior in every way (tree 
size, yield, and fruit size) to trees similarly 
treated with animal manures . 

With the goal of simulating a rain for
est environment, Ashburner, from Australia, 
developed a soil mulching system for avocado 
that resulted in the creation of a suppressive 
soil. The following description of the cultural 
practices used by Ashburner was taken from 
Broadbent and Baker' : 

"The grove consisted of 280 Fuerte avo
cado trees planted in 1940 and subsequent 
years. For two years after the rain-forest was 
cleared and before planting the avocados, cover 
crops were grown. These were disced in a t 
maturity, with fowl manure, dolomite, and su
perphosphate. While the trees were yoWlg, an 
area of clean cultivation was maintained 
around them with cut cover crop piled near, 
but not in contact with, the trees. By the time 
the trees were 5 years old they supplied su.ffi
cient fallen leaves to maintain the organic 
matter contentofthe soil under them. In gen
eral, the following practices ha ve been pursued 
subsequently. Fowl manure has been applied 
twice ayear, in March and September, at 2 tons 
per acre per application. Chemical fertil izer 
(12.5% N, 12.5% P20 5, 20% ~0) was applied 
in March-April and October-November at llb 
per tree per year of growth. Dolomite was ap
plied at 1 ton per acre whenever the pH of the 
soil fell below 6. Summer cover crops of 
Dolichos lablab and corn were grown and 
disced in before maturity. Winter cover crops 
of New Zealand blue lupin were grown and 
disced in while flowering." 

These practices resulted in high levels 
of exchangeable calcium and magnesium and 
levels of organic matter similar ro those in rain 
forests. This method is still being practiced in 
Australia with sorne modifications. Sorne grow
ers add mulch of oat, barley straw, or sudan 
grass rogether with gypsum ro attain the soil 
suppressive to Phytophthora. Others mow 
weeds and throw them under trees. Still oth
ers use tree prunings similar to yard waste as 
mulch. Regardless of what the materials are, 
the key appears to be the consistent applica
tion of organic mulch together with gypsum. 
The mulch is applied in large piles sometimes 
severa! feet thick. Organic content of the soil 
is kept in the range of 7%, which is thought to 
be suppressive ro P cinnamomi . 

J 



• • • • • • In tbe past, mulches used by most grow-
• ers were produced on the farm as manure or 
• cover crops. However, cover crops are now 
e widely perceived to reduce yields in citrus 
e groves due to competition for water and nutri-
• ents25, and most growers are no longer diversi-
• .fied so as to have access to animal manures. 
e Transportation and application of purchased 
e mulches has not been viewed as cost effective. 
e For these reasons, most California citrus or
e chards have been in production for 40-50 years 
• without the benefit of added organíc material. 
• It is timely to take a new look at the use 

ofmulches as potentially very large sources are 
• being developed. As much as 40% of the solid 
• waste produced in urban areas is compostable 
e material. The Integrated Waste Management 
• Act of 1989, AB 939, mandates that every 
e county and city sanitation district in Califor
• nia reduce the solid waste stream by 25% by 
e the year 1995 and by 50% by the year 2000. 
e Many landfills throughout the state are imple-
• menting programs to separate compostable 
• materials, grind them, and produce mulch or 
• compost. These programs use fee incentives for 
• those who bring in 100% plant residues that 

are free from non-compostable materials. The 
• tipping fee reduction in Santa Barbara County 
• is halfthe normal cost per ton. Santa Barbara 

County is currently producing 1,500 tons of 
ground plant residue a month. Due to the lack 
of a developed market, this material is used 
for the production of electricity in a biomass 
facility in Madera. A pilot program is being 
developed to compost these materials and de
velop a market for the finished product. Los 
Angeles County produces 50,000 tons oftrash 
per day, ofwhich 6,000 tons are garden waste . 
Currently, Los Angeles County is implement
ing a green waste program thatincludes sepa
rate collection of residential green waste, grind
ing, and composting. 

• • • • • • • • • • • • • • • • • • • • • • • 

Florida has enacted a similar law, the 
Solíd Waste Management Act of 1988, which 
mandated a 30% reduction in the amount of 
solid waste generated by the year 1994. An 
analysis by Pinellas County, Florida, indicated 
that22% ofthe solid waste generated was yard 
waste and land-clearing debris which repre
sented approximately 260,000 tons of plant 
residue per year. Pinellas County initiated a 

4 

yard waste recyclingprograminAugust 1989 . 
Tbe following is a synopsis of tbeir procedure 
for compost production as described by 
Bradshaw et aU. Yard waste was collected both • 
at curbside and at drop-off centers and then 
converted to mulch by chipping and shredding 
in a mobile tub grinder. The ground yard waste 
was placing in windrows 24 feet wide, 10 feet 
high, and 120 feet long, wbich were estimated 
to contain 300 tons of material per windrow. 
Windrows were turned and irrigated if tem
perature readings fell below 110 degrees or rose 
above 160 degrees Fahrenheit. Windrows al so 
received two rotations at two week intervals. 
If oxygen fell below 5% or moisture content 
below 20%, the windrows were turned and ir
rigated. After 45 days, the finished compost 
was distributed to the public around the county. 
Tipping fees in Pinellas County are $32.50 per 
ton, and the cost of compost productíon is 
$22.00 per ton{llfld$/law. pwsooal c:ootll'llnbtb'!J. This has al-
lowed Pinellas County to distribute their fin-
ished compost product free to county residents 
and municipal users such as parks. 

Other composting systems have used a 
variety of methods such as enclosed reactor 
systems that stir or tumble the composting • 
mass, or static piles using forced aeration44

• The 
purpose of these systems is to accelerate the 
composting process. 

Hoitink et al.2
' have divided the 

composting process into three phases. The first 
phase occurs during the first 24-48 hours, with 
temperatures rising to 40-50°C. Sugars and 
other easily biodegradable substrates are de
stroyed in this first phase. In the second phase, 
temperatures of 40-60°C occur. Cellulose and 
other substrates less easily degraded are con· 
sumed while lignins break down more slowly. 
The high temperatures during the second 
phase kill plant pathogens, weed seeds, and 
most biocontrol agents. Bacülus bacteria sur
vive due to the formation of highly resistant 
spores that require much higher temperatures 
to kili. Not all sections of a compost pile or 
windrow reach high temperatures, and this 
requires that piles be turned so as to expose 
all materials to the mínimum temperatures 
that kill plant pathogens and weed seeds. The 
thlrd phase of composting is a curing phase 
when degradable components decline along • 
wi th high temperatures. The mature compost 
is composed of humic materials and lignins. 
During the third phase, the compost is quickly 
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recoloni.zed by a variety of bacteria and fungi . 
The United States is in fact far behind 

the rest ofthe world in the reclamation ofrou
nicipal solid waste. There are nearly 90 plants 
in France processing bousehold refuse into 
compost with an annual output of 650,000 
metric tons of compost from 1,300,000 metric 
tons of r efuse''. In the Netherlands, the main 
producer of municipal waste compost is the 
VAM Waste Disposal Company which produces 
100,000 tons of compost per year 76

• Research 
has been conducted in the N etherlands on the 
use of municipal waste compost at the Insti
tute for Soil Fertility since the 1920s. 

In additíon to municipal solid waste 
compost, there are already many other sources 
of mulching materials such as paper and rice 
hulls, small grain straw, and sludge. 

Sludge is a solid by-product of sewage 
waste, and is being accumulated in the wodd 
at the rate of7 .5 million tons per day. Disposal 
is costly, and yet sludge is a rich source offer
tilizer. Fertilizer value of sludge in North 
Ame rica alone is estimated at $67 4 million per 
year. Sludge is processed eitber aerobically or 
anaerobically to produce compost. It is often 
mixed with municipal solid waste prior to 
composting to increase the nutrient content of 
the finished product ". The major limitation for 
the use of sludge in agricul ture is the presence 
of contaminants such as heavy metals and 
human pathogens11• 

Mulching has so many effects on the soil 
it is diffi.cult to pinpoint the ex:act mechanism 
bywhichit can reduce nematode andPhytoph· 
thora root rot of citrus and avocado. A number 
of mechanisms are possible, and a combina
tion of them is most likely responsible. 

l. Mulching increases the population 
of soil microorganisms which compete with or 
inhibit fungal pathogens25.7. This mechanism 
was considered of major importance by 
Broadbent and Baker'. Bacteria living on the 
root surface can reduce the amount of root ero
dates available to attract zoospores. It was 
observed by Gilpatrick12 that diseased root 
pieces from soil amended with materials oflow 
carbon:nitrogen ratios did not produce sporan
gia. Gilpatrick suggested that microbial over
growth ofinoculum could inhibit Phytophthora. 
Malajczuk and McComb32 found that a loam 

soil suppressive to Phytophthora cinnamomi 
had higher populations ofmícroflora than a soil 
conducive to Phytophthora cinnamomi. The 
suppressive nature of the loam soil was lost 
u pon autoclaving, indicating that suppression 
was dueto the livingorganisms. Nesbittet al.38 

found that the addition of organic matter to 
conducive soil increased the decomposition of 
Phytophthora cinnamomi hyphae and dam
aged the ability of Phytophthora to produce 
spores. It was suggested t hat the increase in 
microbial population was responsible for the 
decomposition of Phytophthora hyphae. In ad
dition, Nesbitt et al.37 observed extensive bac
teria! colonization on hyphae and sporangia of 
Phytophthora cinnamomi and correlated bac
teria! colonization ofhyphae with an increase 
in hyphal decomposition . 

2. The production of gases which can 
inhibit Phytophthora is increased by decaying 
organic matter. Ammonia reached high levels 
in soil amended with alfalfa meal within one 
week and was responsible for the elimination 
of Phytophthora cinnamomi in that soil '3• Tsao 
and Oster44 showed that ammonia and nitrite 
are toxic at low concentrations and inhibit 
propagule germination for both Phytophthora 
cinnamomi and Phytophthora parasítica. Car
bon d.ioxide levels are also higher in soils with 
high microbia1 activity, and this may induce 
dormant survival structures of Phytophthora 
rather than active infection structures47 

. 

3. Mulch creates a naturallitter layer 
under which roots of both citrus and avocado 
proliferate. This has been observed in experi
ments with many different species of trees, 
with both organic mulch and with plastic 
mulch6•

1s.54• This interface of soil surface and 
mulch is a natural microenvironment where 
roots grow well but where Phytophthora can
not survive. Gregoriou and Rajkumar '5 ob
served that an 8 cm thick mulch under avo
cado trees promoted vigorous rooting on the 
soil surface under the mulch. Phytophthora 
needs saturated soil conditions to release its 
zoospores, which must swim to the roots to 
cause new infections. Water drains so quickly 
from a mulch layer that saturated conditions 
may not ex:ist long enough for zoospores to be 
released and swim to the root . 

4. Soil toxins are produced during the 
decomposition of organic matter in mulched 
soil, such as ammonium, nitrite, saponins, and 
organic acids. Ammonium (NH4) accumulates 

5 



• • e from the decomposition of organic matterZ'. The 
e production of ammonium and nitrite in urea-
• amended soil greatly reduced the soil popula-
• tion ofboth P. cinnamomi and P. parasitica49

• 

e Zentmyer and Bingham55 observed that Phy-
• tophthora was more sensitive to nitrite than 
• was the avocado plant, and that ni tri te might 
• retard disease development. Zentmyer and 
• Thompson57 showed that saponins extracted 

from alfalfa meal were also toxic to Phytoph-
• thora cinnamomi. 
• 5. Organic matter can actas a trap for 
• zoospores. The zoospores can encyst on organic 
• matter in the soil rather than the root. It was 
e shown that pectin and high molecular weight 
e polysaccharides induced rapid encystment of 
e zoospores'4• After encystment, the zoospore can 
e no longer swim to the root. These substances 
e are often present in mulches and may act to 
• intercept zoospores before they reach roots. 
• 6. The actions of toxic gases and com
e pounds due to organic matter decomposition 

can in crease the leve! of host resistan ce in the 
• roots by induced phytoalexin production. Roots 
• of Persea indica injured by exposure to ammo-
• nía had a 50% r eduction in infection by P. cin
e namomi compared to non-injured roots'3. Avo
• cado roots subjected to certain types of organic 
e matter quickly turned brown. These brown 
e roots functioned well , but were found to be re
• s istant to Phytophthora cinnamomi attack 
e unless the brown covering was damagediPoound 

M~Jt'tge, ~ublrSIW) • 7. Lower soil temperatures due to 
: mulching are less favorable to the growth of 

Phytophthora and more favorable for root 
• growth during the summer months. • • • • The incorporation of gypsum (CaS04) 

e into mulch also appears to play a key role in 
e controlling root ro t. The application of calci um 
e in the fonn of gypsum is airead y an established 
e soil treatment to increase soil drainage, to pre-
• vent crusting, and to remove sodium from the 
• upper soil profile. It is well known that high 

soclium levels can increase the severity ofroot 
rot caused by Phytophthora and increas~ Phy-

• tophthora soil populations as welP'. 
• In addition, calcium can increase host 

• 

• 
• resistan ce to fungal pathogens '. Phytophthora 

invades host ti ssue and dissolves the middle 
e lamella between cells by the action ofpectolytic 

• • 6 

• 

enzymes. Calcium binds to pectic materials in 
the middle lamella and inhlbits the activity of 
cell wall degrading enzymes produced by Phy
tophthora 1• Lee and Zentmyer27 observed that • 
seedlings of Persea indica, a close relative of 
avocado, were more resistant to infection by 
Phytophthora cinnamomi when grovm in high 
concentrations of calci um than when they were 
grown in low concentrations. Further, it was 
observed by Falcon et al. 10 that soil calcium 
level was responsible for disease suppression 
in avocado root rot experiments dealing with 
the interactions of soil pH, nutrients, and mois-
ture. Snyman43 has also shown that calcium 
can reduce root rot in avocado caused by P. cin
namomi. Calcium may reduce root exudation 
from avocado roots since it is known to pre-
vent ¡(leakiness" ofroots ofa variety ofplants26• 

It is known that exudates from avocado roots 
attract Phytophthora zoospores to the roo t . It 
is known that calcium enhances the encyst-
m en t of zoospore 17

• Once encysted, the 
zoospores lose their motility and are no longer 
able to cause infection. This phenomenon may 
be even more prevalent when calcium and or-
ganic material are mixed. 

Currently, there are a numberofmulch· 
ing trials being carried out throughout Cali
fornia. University extension agents Gary 
Bender, in San Diego County; Guy Witney, in 
Riverside County; Nick Sakovitch, in Ventura 
County; and Ben Faber, in Santa Barbara 
County, ha ve all initiated recent mulching tri
als on citrus or avocado. Howard Ohr, John 
Menge, and Diana Freckman have carried out 
research on one Phytophthora cinnamomi-in
fected avocado plot at the University of Cali
fornia South Coast Field Station for several 
years. Currentlyin that plot the two best treat
ments, measured for total tree canopy, are 
Aliette®, .Aliette®/alfalfa, and the alfalfa/gyp
sum treatment which are not significantly dif
ferent from each other, but have roughly twice 
the canopy size as the non-treated controls. 
Bredell et aU have also observed increased tree 
volwne in mulched citrus. 

• 

However, at UCR citrus mulched with 
spoiled alfalfa or a commercial sewage sludge • 
exhibited pvorer growth than non-mulched 
trees. Phytophthora parasitica populations 
were greatly enhanced by these high-nitrogen 
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mulch treatments , which led to extensive root 
damage and reduced tr ee growth. While the 
Jiterature preclicts that mulches will usually 
be beneficial for citrus and avocado, these cur
rent trials indicate that not all mulches wil l 
be uniformly beneficia! under all soil condi
tions. Mnlches which are beneficia! for avoca
dos may not be beneficia! for citrus. More re
search is required to identify mulches which 
are the most beneficia! under California soil 
conclitions. 

Benefits from mulching in citrus and 
avocado can be substanti al, especially when or
ganic matter has become low. An obvious ben
eficia! effect is t he improvement in soil physi
cal and chemical properties. The reduction in 
costs for irrigation water, fe rtilizer, her bicides, 
and fungicides may offset the costs of mulch 
ing orchard fruit trees. Cultural practices tbat 
eliminate or reduce envir onmental pollutants 
have an inherent value beyond immediate re
tum s, and will probably benefit growers in the 
long term. 

Those soils with poor infiltration and 
high expendable sodium have the bighest in
cidence of avocado and citrus r oot rot3• Organic 
mulches used with applications of gypsum are 
effective treatments that alleviate these soil 
problems. In so doing, the soil may become less 
conducive to root rot caused by Phytophthora 
and nematodes . 

Mulches are an effective method of im
proving orchard heaJth when managed prop
erly. Several types of mulch show promise in 
the control of Phytophthora root rot. Whether 
compost from municipal solid waste or from 
sludge will al so be effective in this regard is as 
yet unknown. Continued research into the use 
of mulches and their proper management will 
increase the benefits derived from them. 

2 • 

J. 

5 

6 . 

7 . 

8 . 

9 

10. 

11. 

!2 . 

IJ . 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Literature Cited 
B:llemon. C. F. and R. D. Lumsden. 1965. Relation of 

c:~lclum come m ano n:~rure o! Ute pecuc substances in bean 
hypocot) ls of <h(ferent ages 10 suscepuoility 10 an isolme of 
Rhy:octonia sola ni. Phytopathology 55:734-738. 

Begn:~ud. B .. and N. Noyon. 1989. Shredd.ing household 
re!use. B•oCycle. M:uch:J0-4 1. 

BorsL G. 1970 Selection. m.Jr.agement of avoc3do sotls 
Ct!ro¡mph 55:263-265. 

Borst. G. 1983 Lune has four functions inavoc:ldo growtn¡ 
soils. AvOC3do Grower. October:38-39,47. 

Bmdsh:~w. J .. T. Lehmann. and J. RagsdaJe.J991. Reduce/ 
reuseJrecycle yard was1e in Pinellas County. Proc. fl3 . 
S tate Hort. Soc . 

Brodell, G. S .. C. J. Bamard. and C. Human. 1976. 
Delcl.lagprakt.yke: die invloed van dek!aagmateria.al op 
worulontwikkeling van avokado ' s en valencias. The Ciuus 
and Subtropic.:\.1 Fru it Jo urna! . Novcmber: 17 ·2 1. 

Bro3dbent. P .. m d K. F. Baker. 1974. Behaviour o( Phytoph· 
tilora cinnamomi in soils suppressive and conducive to roo t 
rol. Aust.J. Aif!c. Res. 25:121· 137. 

Crnig, V. H. l916. Experience with mulch on the Ford Ranch. 
C:üifomin Cirrogmph 1:12-22. 

Fahm. L. 1980. The Waste of Nations: the economjc u nljz;¡
uon of bumQQ W3S!e jn niriculture. All:lnheld. Osmun & 
Co .. MontcL:ü.r. New Jersey. 

Falcon. M. F .. R. L. Fox. and E. E. Trujillo. 1984. lntcracuons 
of soil pH. nutrienu and moisture on Phytoph!hora :oot ro1 

o( avoe3do. Plant and Soil 81:165-176. 
Galb.rdo-L:uo. F .. :llld R. Nogales. 1987. Effect of the 

apphC31lon of !Own refuse compost on the soil-pl:uu 
system: A revtew. 8101. Wastes 19:35-61 . 

Gtlpatrick. J. D l969a. Effect of sotJ amendmen!S upon 
inoculo m survival 3lld function in phytophthora root rot of 
avocado. Ph)1opathology 59:979-985. 

Gilpatrrc lc. J. D. 1969b. Role of arnmonia in the control of 
avoc:ldo root rot with alfalfa mea! soil amendrnent. 
Phytopathology 59: 973-978. 

Gcnnt. B. R., H. R. Irvtng. and M. Radda. 1985. The effect oi 
peclin and rel:u.e.d compounds on encys tmcnt and germinó\· 
tion of Pytophthora palmivora zoospores. Journal of 
General Microbiology 131:669-676. 

Gregoriou. C .. and D. Rajkumar. 1984. E(fects of irrigation 
nnd malchlng on sboot and roo! growth of avocado ( Perua 
amtricana Mili.) nnd mango (MaJtgifera indica L.). Journal 
of Horticuhutal Science 59( 1 ): 1 09·1 17 . 

Haan. S. de. Results of murúcipal waste compos! research 
ovc:r more !han fi.fty years at !he institute for soil fernhty at 
Haren/Croningen. the Netherbnds. Neth. J. Agric. Sct . 
29(1):49-61. 

Hemmes. D. E. 1983. Cytology of Pbytophthora. pp. 9~. In 
Pbytopbtborn: l!s Bjo!ogy Tawnorny Eco!ogy and 
Patholo¡y. D. C. Erwtn. S. Banniclci Garcia. and P. N. Ts:10. 
editors. AmenC3ll Phytopathology Society . 

Hemnndo. S~ M. C. U>bo. and A. Polo. 1989. Effect of the 
applicauon of a murucrpal refuse compost on the physrc:~! 
and chemical propenies of a soiL The Sdence of Total 
Envlt'Orunent. 81/82:589·596 . 

Hod¡son. R. W. 1925. Fenilizing cilrus trees in CallforTUa . 
Univ. of Cl!IJJ. Agríe. Ex p. S La. Circular No. 283. Berkeley . 
CA. 

Hoitinlc. H. A. J .. W. Chen. M. I. TriJlas.Gay. and Y. R. 
Chung. 1986. Composr for control of plant diseases. In 
Comoost: oro<luctipn, quality and use . pp. 414-4 19. M. De 

7 



• • • Bertoldi. M. P. Fem~~~ti. P. L'hermite. and F. Zuccooi. on soil porosity :md aggregauon. 1 Environ. Qua!. 10(4): 

• edítors. Elsevier Sc1ence Publishing Co •• New York. NY 556-561. 

• 10017. USA. 40 . Parlcer. E R .. and W. W. Jones. 1951. Effects of fertilizers 
21. Hoionk. H. A. J •. Y.lnbar. and M. J. Boehm. 1991. S1atus of u pon the yields. siz.e and quality of orange fruíts. Calif. Agr. • compost-amended potting miJtes narurally suppressive to Exp. Sta. Bull. 722. 58 pp . • • soilbomediseases of floricollural crops. Plant Disease 41. Romero. M. R .. D. T. OrtU. R. G. Espinosa. and S. S. Garcia. 

• 75(9):869-873. Influencia de esüerclo. alfalfa y metalaxil en la dinamica 

• 22 . Huber, D. M .. and R. D. Walson. 1974. Nitrogen fonn and poblacional de Phylophlhora cinnamomi Rands causante de 
plant dtSeaSe Paper No. 5301 of the Joumal Series of the la tristeza del aguacate (Perseo amrric01UI Mill.). ReviSta • Purdue University Agricultura! Experiment Station. West MedcanadeFitopalOJog¡a 4:11 4- 123. 

• Lafayene, Indiana. 42 . Shiralipour, A .. D. B. McConnell. and W. H. Smilh. 1m Use 

• :!3. Jones. W. W .. C. B. Cree. and T. W. Embleton. 1961. Sorne and benefilS of municipal sol id wasl.Od compost: A data 

eCfeeu of nitrogen sources and cultural practices on water b3se review. Centcr for Biomass Energy Systems and DepL • mtake by soil in a Waslungton nave) orangeorchard and on ofEnvironment.a.l Horuculture. Univ. of Florida. 

• fTuit production. sin. and qualily . Proc. Amer. Soc. Hon. 43. Snyman. C. P. 1984. The effect of calcium on avocado root 

• Sci. 77:146-154. growth and avocado root rot caused by P/rylophrhora 

• 24 . KeUy, W. P. 1922. Our present lcnow1edge conceming cinnamomi. South African Avocado Growers Assoc. 
(ertilhation of citrus. Calü. Citrograph 7:186-202. Yearbook pp. 91 -92 . 

• ::!5. Lanini. W. T .• J. M. Shribbs. and C. E. Elmore. 1988. Orchard 44. Stentiford. E. l. 1987. Rcccnt developmenls in composting.ln 

• floor mulching trials in the U.S.A. LeFruit Be1g. 56(3): ~Qmm¡~¡; !:!1:2l!IHaiQD, QYillil)' lllld m . pp. 52-60. M. De 

• 228·249 . Bertoldi. M. P. Ferranti, P. L'herrrute. and F. Zucconi, 
26 . Lallch.li. A.. andE. EpSiein. 1970. Transpon of potaSSium and editors. Elsevier Science Publíslúng Co .• Ncw York. NY • rubidium in p1atn roots--che stgni!icMce of Calcium. Plant 10017. USA. 

• Phys•ology. 45:639-641. 45. Stephcnson. R. E .. 11nd C E. Schuster . 1945. E!!ec¡ of 

• .... Lee. B. S .. and G. A Zentmyer. 1982. lnfluence of calcium mu1ches on soil propertits. Soil SCI. 59:219-230 . -· 
• nltrate and ammomum sulfate on ph)'tophthora root rot of 46 Sudds. R. H .. and G H Browrung. 1941. The effect of soil 

Ptrseo indico. Phytop3tholo¡y 72: 1558-156-t . managemenl methods on ceruun physical and chem1cal 

• :!S. Lefferts. D. C. 1919. Can mulching be recommended as a properties m re1auon to Lhc mfiltraóon rotes in West 

• curus grove method? Calif Citrograph 4:160-163 . Virginia orchards Proc. Amer. Soc. Hort. Sci. 39:38-46. 

• 29 . Leyden. R. F .. and P. W. Rohrbaugh. 1963. PrOlection of c1trus 47. Tsao. P. H. 1969 Studies on the saprophytic beh:!vior of 

• trees from cold damage. Proc Amer. Soc. Hort. Sc1 Ph)tophJhora parasitiCa in soil. Proc. First lnt. Citrus Sym. 
83.344·351 . Vol 3. 

• :\( Lord W J .. R. A D:unon Jr .. and B Gersten 1968 . .E!fects of ~~~ Ts3o. P. H .. and J. J Oster 1981. Relluon of arnmonia and 

• )1maz.1ne alonc: and m combm3tton w1th hay or plasóc mtrous ac1d 10 suppress1on o( l'h,\tophlhora 10 soih 

• mulchon 'Mclntosh' apple trees nnd accumulation of 31Tlendcd w1th rutrogenous or gruuc substances. Phytopil· 
su1u2.me resJdues. Proc Amer Soc Hon Sc1. 93:62-70 lhology 71:53-59 

• JI MacDonald. J. D. T. J. Swieekl. N. S Blal:er. and J. D. 49 Tsao. P. H .. and G. A. 7.enunyer 1979. Suppression of 

• Shapuo. 1984 . Effccls of sahmty stress on the development Ph.Hophlhora cinnamonu and Phytophlhora parasitica m 

• of Phytophthora root rots. CalJf. Agriculture. OcL pp. 23- u re<~ amended soils. ln Soil.bQme Plant Pathogens. pp. 191 -

• 24 199. Academic J>rcss. London, 686 pp. 
32 MalaJczuk. N .. andA. J. McComb. 1979. The microfloraof 50. Vaile, R. S. 1922. FertiltZer experimenlS with trees. Univ . of 

• unsuberized roots of E11calyptus calophy/la R. Br. and Calif. Agric. Exp. Sta. Bu11. 345:467-512. 

• Eucalyptus marginara Donn ex Sm. seedlings grown in soil .'il. Vaile. R. S. 1924. A sucvcy of orchard practices in !he citrus 

• suppressive and conducivc to Phytophllwra cinrw.momi industry of southern California. Calif. A gr. Ex p. Sta. Bull. 
R11nds 1 Rhiwphere bacteTlll, actinomycetes and fungi. 374:4-40 . • Aust. J. Bot. 27:235-254. 52. Wander. l. W .. nnd J. H. Gourley . 1945. lncreasing available 

• 33 Maynard. A. A. 1989. Agriculrural composiS as amendmenlS potassium to greatcr depths Ul an orchard by addi.ng powh 

• reduce nitra te leachmg from the soil. Fronuers of Plant Sci . ferti1izer on a mulch Proc. Amer. Soc. HorL Sci 46:21 -24 
Fall: 2-4 . 53 Weeks. W. D .. C. T. Smtth. and M. Drak.e. 1950. Residual • 34 MeNees. R. 1916. Mulching expcrunenL Calif. Citrograph effects of heavy mulclúng in a bearing apple orchard on 

• 1:10. soil nutrienlS. Proc. Amer. Soc. Hort. Sci. 56:1 -4. 

• 35 Meru. W. M. 1981 . The use of green manure crops in 54. Whitcomb. C. E. 1980. EffeclS ofb1ack plastic and mulches 

• southem California Calif. Agt. Exp. Sta. BuU. 292:1-31 on growth and surv1val of landscapc plants. Journal Series 
36 esbJtL H. J.. K Mala¡czuk.. andA. R. Glenn. 1979. Effect of 13628 of che OkJahoma Agnculture Experiment Stalion. • organic maner on the surv¡\'al of Pllytophlhora cinna.momi 55 Zent.myer, G. A. Btolog•cal control or Pllytophútora root rol 

• R11nds m soil Soil D1ol D1ochcrn. 1 1.133·136. of avocado w1ch a!Ialfa mea!. Phytopatho1ogy 53.1383· .... Ncsblll. H. J .. N. Mala)Czuk.. andA. R. Clenn. 19??. Bactenal 1387 . • ·' . 
• colonuatJon of Ph)tophth.oro cm110nw= Rands. (?) S6 Zent.myer. G. A .. and F. T. Bmgham. 1956. ihe in.fluence of 

38 Opll.z.. K. 1974. Mulclung c1trus and other subtropical tree nttnle on che development of Phytophchora root rot of 

• crops. Coop. Ext. Onc Sheet Answers No. 271 .. Berkc1ey. avocado. Phytopalholo¡y 46:121-124. • • CA . 57. Zent.myer. G. A .. and C. R. Thompson. 1967. The effect of 

• 39 Paghai. M .. G. Guidi. M. Lamnrca. M. Giachetti, and G. saponins f'Tom alfalfa on Phytoplllhbro cinnamomi in 
Luccaamante 1981. Effect of sewagc sludges and composts rcl:uion to control of root rotor avocado. l)hytopalltology • ~7: 1278-1279 

• • 8 

• 



• • • • 
=-• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
" • • • • • • • • • • • • • • • • 

Avo-ccuio-V~ 

Howard D. Ohr 

Ben Faber 
!... rw ersliy e · Ce lfcrr. e 

Cooperative Extens1on 'lentva Cot.n:y 

+ 
Nigel Grech 

University of Coliforn¡o , RNerSJde 
Deportment of Plont Pathologv 

A publicotion produced cnd distnbuted by 

The California Avocado Society, lnc . 
ond 

The CaJifornio Avocado Commission 

Circular No. CAS-94/1 

November 19911 

--- ---' 



• • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • 

Avocado Diseases 

Howard D. Ohrl, Ben Fabert and N igel Gr ech l 

AVOCADO RDOT ROT 

Avocado root rot is the rnost ser i.ous avo
cado disease in Califor nia and most other 

avocado producing a reas of the world. It is 
caused by lhe :o;oil fungus. Phytophthnra cin
namomi . which thrives in areas of excess soil 
moisture and poor drainage. Trees of any 
sizr nnd age may be affected . 

Sympt oms 

Lea,·es of mfected trees are small. 
pale !.'l'een. and often wilted. Foliage is spar::-e. 
gi\'mg the tr ee an unthrifty appearance. ~e\\' 
growth is usualh· absent: but ifitoccurs. ne\\' 
leaves are smail and of poor color. Small 
branche:-; die back in the top of the tree. 
allowing other branches to become sun
burned because ofthe lack offoliage (Fig. l l . 
Discased trces frequently seta heavy crop of 

Fig. 1. Avocado tree showmg symptoms of root rot . 

Fig. 2. Root symptoms of avocaao rooi roí: left. d1seasea 
roors rght healthv roots 

small fruit. 

The s mall fibrous feeder roots ma,· be 
ab:-;ent on diseased tree::;: if pre.sen t. they· are 
usunlly blackened. brittle. and dead 1Fig.2 l. 
The absem:e of feeder roots prevents the up
take ofmoisture, and the soil u nder diseased 
trees stays wet e\·en though the tree appears 
wilted. Roots of pencil size or la rger are se l
dom attacked by the fungus . 

Damage 

Affected trees will decline and die 
e1ther rapidly or slowly. The disease can be 
spread from a few trees to the enüre orchard 
b\' una ware growers and workers . 

Control 

The fungus . Phytophchora cinnamonu. 
wh1ch causes avocado root rot has over 1.000 
hosts and can be spread by moving contami-

- - -- - - --~---
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nated nursery stock of avocado and mher 
plants. in water mo,·ing over or through soil 
cont.aining the fungus. on equipment and 
shoes. in geed from frui t J ~·ingon infested soiL 
or by other types of activit~· by man or ani
mals in which m oist soil is mm·ed from one 
place t.o another. Control is best achieved by 
an integrated approach of prevemion, cul
ture. and treatment. 

P lant o n well drain e d soil. Root rot devel
op~ in soils that ha ve poor interna! drainage 
because accumulated moisture permits tbe 
fungus to form its spore stages and to infect 
t.he t·oots. In new plamings, avoid soils favor
able to root rot development; in esLablished 
plantings. manage soils carefully so that 
moisture does not accumulaLe in the soil. 

Use disease-free n u r serv sto ck. Histori
calh. dü-ea:-ed nur~er\' swck has been one of 
tht' ·m.t.Jor cau-.e::- ofthe spread of a\'ocado root 
nn imo the a,·ocaoo-producll1g areas ofCali
fomia. A,·orado tree~ cenified to be Íree of 
m·oc:ado ruot rotare ;:t\'ai lable from nurseries 
thm pan1cipate in the ('er ti.fication program. 
J¡ 1::- rtcommended that d1 case-free trees be 
u--<·d <•::-pt·ci<:tll~ "h<:n ¡.>lanting new areas. 

Pre' ent soil or water ll.lOvem e.nt from 
i n fcsted arcas. Thc- fun~u=-- can be moYed bY 
c~n' ll't-an" lw whtch moi;t ~oil i::.: mo,·ed. and 
,d...,o t· . .tn bl· ~pread downhill from an infested 
.m·,¡ h,· surfnce or :;ub:;urfacc drainage wa
tt>r. In~tall water-tight. drains t.o lake care of 
surf'acc runoff if a diseascd arca lics aboYe 
~·our hcalth." groYe. Cont..rol gophers, as their 
runs can prm·ide means ofmoving the fungus 
in water . 

In·iga te d iseased trees a n d margins of 
discased a reas c arefully . Since high soil 
moistu re favors root rot development. careful 
trrigmion can reta rd the spread ofthe disease 
and often prolong the life of affected trees . 
Disonscd treos have fe"'er roots to take up 
water , so do not watersoil that isalreadY wet 
as this incrcases the di~ea~e problem. · 

F umiga te s m a ll spoi s of disease. If only a 
few Lrcc:: a re affected, and the disease is 
detected early, cut off t.he trees at ground 
leYel and fumigate the soil wtth maximum 
dosages of fumigant. Check with your local 
Uni,·ersit ,. of California Farm Advisor or a 
liccnscd Pest Control Advisor for current 
availabil ity and use of fumigan ts. 

Establish a barrier . lflhe ui:sea:se :si lua t.iuu 
is s uch that the fungus occurs in only onearea 
and cannot spread downhill in surface runofT 
or drainage water into the parl ofthe grove to 
be protecied. a physical barriers hould retard 
spread. Establish the barrier a t least two tree 
rows beyond where Lests indica te the fungus 
Lo be present. The barrier should consist of a 
fen ce andlor warning signs t.o inhibit move
ment bet ween the root rot area and healthv 
sections of the groYe. · 

Resis t a n t t:ootstocks. Some r esistance t.o 
rooL rot has been found in everal different 
varietie:::; such as Duke i, Thomas. an d G755. 
Clone~ of Lhese and similar varieties are 
more resistant. than seedling!::i and are in 
general use in the industry. ll is important to 
remember that these rootstocks are resis· 
tant-not immwzc. lf the~ are planted 01 
mamtauH~d under adver e conditions. theY 
ma\ be killed b' the combmation of these 
mt1drtion:- and the disease. 

F u ngicides. Fungictde::> should not be de
pended upon alone to control root rot. but 
should be ,.lewed as pnrt of <m integratt'd 
plan that indude:s the best cult ural and bio· 
lo~ical controb aYailahk. There are currenth 
t ,~·o fung1<:ide::- a\'éúlah)(· f'o1·u:-e on avocado; 
Yo u ~hottld check" i th 'our local Farm AdvJ
:-or or Pt·'t Control .\dYi~or for the latcst 
míormatton on these fungic1d<>s and their usE
on avocado 

Cr op r oiation. Repla nt.ing the infested soil 
to rcRistant crops is onc of the best ways Lo 
control n"ocaclo root rot. The fungus has a 
wi dc hos t range. but there are many plants 
that ar e not susceptible, including all variet
ies ofcitrus, cherimoya, per simmon, all types 
of vegeta bies, m os t. annual flo".·er crops. and 
mam deciduous fruit trees an d berries . .\1Iac
adarrua is h1ghly resislant to Phytophthora 
root rot. although a few cases of Phytoph
thora t runk canker h ave been found on mac
adamia trees in California. 

ARJJULLARIA ROOT ROT 

Th~Armillaria fungus hecomes well estab· 
lished in the roots before any visible ef

fects; appear in thE> top. There may be a 
gr adual deterioration in tret> Yigor, with the 
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Fig. 3. Tree kil/ed by Armillaria root rot. 

foliage yellowing and dropping over part or 
nll of the tree; or there may be a sudden 
wilting and collapse. Death of t.he tree usu
ally follows tFig.3). 

The mo:st reliable sign of Armíllario. 
J'OOt 1·ot i:s a white, fan-shaped growth of the 
fungu:s mycelium under the bark of diseased 
rool~ Ft!f. -J 1. Purplish-brown cord-like rhi
zomorph::o that re:semble feeder roots some
umes ~,.,,, on the surface of diseased root:;. 

The .\rmillaria fungus may produce a 
mu~hroom ~ta¡;e around the base of the in
fected tree during the rainy fall and winter 
months. The appearance of the mushroom 
cap is quite Yariable and may range from a 

Fig. 4. Arrml/ana. M1ddle root shows cracks and black 
fines of pseudosclerottum causedbygrowth of Armilla ría 
m the root. Top root shows che white mycelial fans typical 
of Armtl1ana after /he bark JS removed from the root. 
Bottom root shows the deterioration of the mycelial fans 
following fumigation of the soí/ . 

Fig. 5. Fruiting structures (mushrooms) of Armil/aria . 

cream color to honey-yellow to almost black, 
and may hu ve a covering ofbrown sea les ( Fig . 
.5l. A great number of spores are produced . 
but Lhey do not appear to be an important 
::;ource of infection in California avocados . 

Spread of the Fungus 

Arnül1,1na root ror ~pread~ from place 
to pl,1ce 111Jnl'csred wood. Thi~ wood m.1y bt· .1 

root fragmem or pan of an infected nur:;er~ 
tree It mav be carned b\· (ood water. b\·le;~f' 
mulch gathercd from under infected trú~. by 
culuvating equipment. by any of man·=- ~ll'
tivnies wh1ch might moYe infected wood and 
::;oil. Long afte r the aerial parts ofrhe tree ar~ 
gone. che fung-us r emains alive in the root~ . 
vVhen susceptible trees su eh as citrus. pea ch . 
or avocado a re planted in soil with .'-lim illarid
infected roots or wood pieces, and the ne\v 
root~ come in contact with the fungus . the~· 
are exposed to infection. Infection is accom
plished by d'irect penetration o fa rhizomorph 
into the bar k or by root to root grafts. The 
fungus spreads from tree to tr ee in diseased 
are as in the orchard, mainly by growing along 
diseased roots and infecting the healthy roots 
of adjacent trees . 

Control 

Arrnillai;a fungus is very sensiti\·e to 
dl'}ing, anda tree·s life may be prolonged by 
exposing the base of the tree to the air-a 
technique that works in citrus. Soil fumiga
tion with chemicals has successfullv comrolled 
Armillaria root rot under favorable soil con
ditions by preventing spread of the fungus 
and permitting replanting of fumigated ar
eas. Check with your Farm Advisor or Pest 
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Control Advisor for the current availability 
and use of fumigants for this purpose . 

AVOCADO BLACK STREAK 

The disease knownasavocado black streak 
(ABS ¡ has been present in California for 

over 60 years but apparently beco mes a prob-
1em only under certain poorly-defined envi
ronmental conditions. vVhile the disease oc
curs frequently in California. elsewhere there 
have been onlv one observaban in Florida 
and one occurr€mce in the Canarv Islands on 
trees shipped from California. To date. the 
disease has onl v been obsened on Gua tema
Jan varieties su.ch as Hass , Reed, and Nabal. 

ABS mav occur wherever Guatemalan 
'arieties are grown in California. All ages oí 
trees are affect ed and s_,·mptoms have been 
obsen·ed on trees as ~·oung as one vear to 
n·er 35 ~·ear::; old .. -1.11 graves in an area will 
not havE' the disease. and ABS incidence 
,·arie~ considerably within affected gro\'es . 

Symptoms 

ABS appenr~ after prolonged periods 
Ct[ e1wironnwntal or cultural stress. An af. 
i~cted tree usual !y ~radually declines and 
ma~· HentualJ_,. die. out rapid collapse may 
oc-cur , F1g 6 l. Fruit production is usually 
poor. 

Because many of lhe symptoms are 
similar to those due to other causes, the can-

Fig. 6. Avocado tree w1th chlorotic totiage and one dead 
branch caused by Avocado Btack Streak. 
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ker on the trunk and branches was chosen 
as the diagnostic symptoro (Fig. 7). The can
ker is characterized by the accumulation of a 
dry , powdery, water soluble sugar that ex
udes through minute cracks in the bar k (Fig. 
8). In the absence of the powder, the canker 
is difficult to fin d. Cankers m ay range in size 
from verv small to most of the trunk and do 
not favor any si de of the tree. 

Scraping of the bar k surface over the 
lesion reveals shallow, reddish-brown areas 
that rarely extend into the cambium iFig. 9 ) . 
These areas can often be removed easily by 
inserting a knife blade under them and pry
ing upwards. Beca use trees die with very few 
lesions. the Jesions appear to be the result of 
the disease, and not the cause of tree death . 
Other symptoms ofthe disease include chlo
rosis. early bloom, branch die-back. leaf 
blotching. zinc deficienc:v. bunchy growth . 
wilting of foliage , and rapid death of nev-; 
growth . 

Fig. 7. Trunk lesions associated with Black Streak . 
Lesions can occur anywhere on the trunk or main 
branches . 

• 

• 
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Fig. 8. Clo5e·up of Black Streak leston . 

Contr ol 

\mTenl management of ABS consist::s 
of maintaining plant health with good fertil
izar und waterpractices and preventingstress . 
Unthrifty trees should be removed and the 
site fumigatcd bcforc a new tree is planted . 

VERTICILUmt WILT 

This disease is caused by the soil fungus . 
Verticillium albo-atrum, qu.ite adifferent 

type than the Phytophthora root rot fungus. 
The fungus enters the roots and invade;:; the 
water-conducting system, retarding or pre
venting water movement to the foliage from 
the roots. Verticillium Wilt is notas serious 
or as common a discnse in California as is 

' 

~ 
• . \ 

('\' . 
l . 

. ... 

Fig. 9. Black Slreal< les10n afrer barA. rernova' 
Les ons are normal/y shallow 

Symptoms 

~ 

The len ves suddenly wilt on one- pan or' 
tbetrce(Fiu. !Olorontheentiretree!Fig. 11 '. 
thcn turn brown and die. remaining att'ached 
to the branches for severa} months. Brown to 
grey-brown streaks are seen in the wood ot' 

Phytophthora r·oot rot. .Fig. 10. Tree partially affected by Verticillium Wilt . 
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Fig. 11 . Tree totally affected by Vert1cíflium Wilt . 

the branches or roots when the bar k is peeled 
rFigs. 12. 18!. Oft.en. trees affected with Ver
ticillium Wilt send out new, vigorous shoots 
within a few months after the initial collapse 
of the tree. and the tree may recover com
pletely. 

Fig. 12 . Typical brown streaks in a free branch íntected 

6 

by Verticillium . 

Fig. 13 . Branch cross section from a tree ínfected by 
Verticillium from an early age. Note the brown spots 
mdicatlng inlected vascular tissues . 

Prevention 

L'se Mexican rather than Guatemalan 
rootstock.s: t.he former appear to be morE
resistan!. to Lhis disease . 

Do not plant avocadoson land that ha;:, 
been used for other crops susceptible to Ver
ticillinm \\"ilt such as tomato, eggplc.mt, pep
per. man~· berries, apricot. potato. anda num
bcr of f1 owe r crops. 

Do not plant susceptible crops in an 
cst.ablishcd avocado grove . 

Do not use t,rees that ar e or have been 
a ffcctcd with Verticillium Wilt as sources of 
budvvood or seeds . 

Control 

Often. no treatment is necessary as 
trees ¡·eco,·er completely. Dead branches 
should be removed after dje-back has ceased 
and new growth has begun. In case of se,·ere 
and recurring disease. fumigate the area fol
lowing recommendations of your local Uni
versitv of California Farro Advisor or Pest 
Control Ad,·isor. 

• 

• 
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PHYTOPHTHORA CANKER 
ou COLLAR ROT 

Phytophthora canker, or collar ro t. iscaused 
by the fungus. Phytophthora citricola . 

Occasionally. cankers caused by P. cinna
monu are found. but they are rare. Previ
ouslv uncommon, collarrot has beco me \vide-
pre-ad in California, attacking many trees . 

and is ~econd onlv to avocado root rot in 
severity. P. citrirola has a \-\-;de host range 
and has been recorded on hosts such as wal
nut, cherry, cherimoya, and firtrees. As with 
all Phytophthoras, the disease is favored by 
excess soil moisture which is essential for 
dissemination of spores. 

Symptoms 

Tnmk cankers are normallv found on the 
trunk base of older trees, usuaÍly origmating 
at or below ground leYel. The canker appears 
as a dar k region w hich often gi ve~ 

Fig. 14 . Canker caused by Phytophthora citricola at the 
base of an avocado tree. 

rise to a red. resinous exudation which on 
dr~ing turns i_nto a white crystailine deposit 
fFLg. 1-1). Cuttmg away the superficial canker 
reveals an orange-tan to brown pigmented 
les ion, instead of the normal white or cream
colored tissues F1g. 15J. The lesion has a 
fruity odor when exposed. The lesion may 
progre~s all the wav clown to the woodv lav
er . but tt 1s rarel~· found in these tissue·s. 
Le~ions can ::,pread in the crown roots and 
proceed up mto lhe bark of the trunk r Fif! 
16J. Depending on the local conditions and 
rootstock. thc di.sease has been found to exist 
on tree.s for years, inducing a gradual decl ine 
in the tree. In sorne case~. the disease can 
progrcs~ n1pidly, killing trees-whethE'r 
young or olcl-in n matter of months , by 
essenti a lly d<'Stroying th e phloem (bar k l. nnd 
in efTect ring-hm·king the tree. 

Affected trees show a gradual los~ 1)f 

vigor and decline of the top, similar to tht
s.vm ptoms Pxhibited by trees affected \\'lt h 
Phytophtbora root rot. Occasionally. in .1d-

Fig. 15. Phytophthora canker with the bark removed, 
showing the infected tissues undemesth . 

7 
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Fi !!"· 16. Cross secuon o! a roo1 mfected b) Phytophthora 
Cltncola Note t7at the tn/ec(lon "las almos/ girdled the 
·oot 

,.,mc0d :::tage~ \.rees will die suddenly. \\'Íth 
lc:-1 YC~ turni ng brown \Vilhi na shor t. space of 
time. Confinnation of P. citricola is a chieved 
h'' labornton- tissue isolulions onto selectiH· 
n\cdia for Phytophthora. 

P rcvention and Control 

All C\"1dence to date ind1cates that P . 
ntn('o/a can easily be spread in or on con
taminntcd nursery matedal. vehicles.irriga
tion. and of course by people. The same sani
lation procedures ::;hould be adhered to as 
wtlh root rot. Seedlincr rootslock~ are much 
more sensitiYe Lo lrunk canker than most of 
the clona) varieties. 1 n L' niversi L\' of Califor
ma fl:Jd trials to date, Toro Can.):On, Du.ke 7 . 
Duke 9. and Barr Duke have sbown moder
ate tolerance. as compared to ot.her. more 
~usceptible rootstock su eh G 1033, 06. and 
and 755B. Sorne selections of 75.jA have 
sho'"'n a m u eh higher leve 1 oft.olerance to this 

disea~e. Without doubt, it is a good practice 
t.o consider mor e than one r ootstock when 
planüng a grove with a history of trunk 
canker and rool rot . 

In Califor nia, these two serious dis· 
ease::;are increasin~ly found together. H ence . 
integrated approach es to the con t rol of both 
need lo be followed in orchar d disease man· 
agemcnl strategies. Do not keep the lower 
trunks wet for long periods. as this increase~ 
the chances of infection. Drippers should be 
placed awayfrom the trunks. and mini-sprin
klers should be aimed to avoid wetting the 
trunks. Avoid wounding the trunks . 

If cankers ar e det.ect.ed in a n earl \' 
stage. before mu ch of' the trunk is irw aded . 
thev can sometimes be controlled bv cu ttinrr 
out· thc infecled tissue. Although ·researclí 
show::. ::,ome promise of control. there are. a;-; 
.Yet. no chemical reg~stered for u:,e . 

DOTHIORELLA CANKER 

A JH>Lher. les.s senou~. t.\ pE:' of canker i~ 
ca u~ecl lw tlw fungu:-' Dothwrel/a 

t.:~'<'garw. tlw s'ame fungu:-:- thal cau~e:-' fruit 
rol in California. Thi:- ty¡)(' of canker ma~ 
appl·ar on branche::- on ,·c.noth pan~ of th(• 
n' o;:ado tr~e and also m a' lw found on the 
trun k 

Symptoms 

The principal eviden<:e ofinfection is a 
'"'hit.e po,vde r Lhat exudes from the bar k a nd 
a cracking and shedding of the outer bark . 
Affccted t.rees sometí mes gradually die back 
and loo k unth riftv: in unusuallv severe cases . 
the tree may be ·killed. Exam.ination of the 
affected ln.11ik or branches will show brown
ish di:-coloration of the bark which is quite 
shalluw: the bark Oakes off easily. 

Pre vention and C ontrol 

Mexican varielies are much mor e re
~islant to this disease than are Guatemalan 
rootstocks. The disea:::c is favored bv moist 
<:onditions. Do not Jet dead leaves and debris 
accumulate around the t r unks or lower 
branches. particularl.v ifthe tree is on Guate
malan rootstock or ifthe sc1on is Guatemalan 
and the Lree is budded low . • 
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Control meas ures are usually not 
needed. However. if lesions are abundant on 
the trunk, scraping the outer bark will re
move sorne of the infection and encourage 
regeneration of vigorous bar k . 

ANTHRACNOSE 

Anthracnose is not normally a problem in 
California avocados. butoccasionally he

comes ~erious during periods of extended 
rainfa ll. During these periods, the diseasc 
can cause severe loss of foliage and fruit 
infection~ that can be extensive but do nol 
become apparenL un ti1 the fruit begins to 
ripen a fter harves t. 

Symptoms 

.\ nthracnose often become~ appnrcnt 
.n i.l\ ncadus '' hen 1t is noticed that tht- trel·-: 
u·p 1 hJJH! m,mv oftheir lea,·es. Thesc fallen 
t.•.t\'t' u1cl tho.;e left Jn the tree~ ma,· han· 

i.tr_l'. hro'' n. de..id ureas appearing ·in tht.• 
rentl·r 1nclon ÜH?J r margins 1Fig. F •. Thc·•P 
le:-tolb 1rt> t.lu:-;ecl by che fungu.:::. Collt'to 
frlcflllnt !!loensporundes. This fungus i::; a na tu
rnl mhabitam ofouravocado and citrus gro ve::;. 
where tt grows ondead twigs and lea"es and 
1~ nonnally of little importance. With ex
tended periocl::; of wet conditions und mild 
winter temperatures, a build-up occurs ofthe 
fungus growing on the dead twigs and le aves. 

This L1bundance of spores falls not only u pon 

Fig. 17. Leaf'sympioms of Anthracnose caused by 
( ·,>fhtot rr d1 wn . 

Fig·. 18. Earfy symptoms of Anthracnose on avocado 
fruit . 

more lea ves . where they repeat the cycle. but 
many nlso fall upon the fmit. 

.-\fter being deposited on the undam· 
,ured. grecn frUJt :;urface:;. the .spores g-ermi· 
•1ate ancl penetrate the fruit. cau:-:mg- ..,m,1:1 
oro'' n lo hlat:k ='POb surrounding rht' l t:' ll · 

LJc(']~ Fi~ h There 1:- nn fu r::her d~' "lop-
111l'nl unul Liw fruit ::ta!·t~ to ripe11 ni'te1 
haJYC:'l Dunn;!ript'I1JO!!. the funs;u :- rP::-un l'' 
~1'0\\'th. pmducm~ typ1cal 'i:-:ihle .-\m hrau1 , .... , 
~,·mptoms Fu ... 1.9 . The fungu ::i abo P11ll:r
thP frutt \'J,1 wtnmd~ caused lw other t~t·nt
~uch a~ msect:' and 1nfected a i·eas cau~Pd h\· 
otbt>r pathogens . 

In lime. these spots enlarge. nften ~~~' · 
en ng most of the fruít. and become covered 
with the pink spores ofthe Anthracno~e fun
gus, Colletotrichum . When the fruit is cut 
in halfthrough one ofthe spots, itcan be ::;een 

Fig. 19. Deveiopmg tesions ot Anthracnose . 

.9 
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Fig. 20. Advanced decay of Anthracnose. Note the 
sporulation of Colletotrichum on fruit al left. Fruit in the 
middle and on the right show typical hemispherical decay 
assoc1ated wíth the disease . 

that the rol t:·xtcnds in to thf: f1esh in a hemi
;-;pherical pattern Ft~. 201 . 

Control 

Bl'<:au:;e: of th<.· )l)fn:quent occurrenre 
,,¡ nmchtwn:- t·o )dUC'l\ e to thl· de,·elopmentof 
.\nthr.u.:no~t> . nothm~ ha!"' been de,·eloped to 
('ontrol th<• di:--l·a:-;<.· So far as Lhe foliaf!"e i2 
c .. nn·nwd .. \nthrnrn.o~l:' J::> not disast~·ou~ 
I.•N·.ws<: ,tft<•r a p<.·rwd of dr~· weathcr thL· 
tn.•t>,. rvnl\ ~·1 . lf' nnotht·r wet period ocrur::- . 
hP"t''t>r. ~.,·mptom>- ma~ cJC:<,·e]op again. 

Somc• ~ugge>:-;t ion~ from Australia for 
field managc~mcrit ofthc disease include: en
sure good ventilntion and rapid drying ofthe 
foliage hy pruning lower limbs so that the 
ranop~' is at least 20 inches above the ground: 

Fig. 21. Typicalles10n ca u sed by Phytophthora cítrico la 
at the base of an avocado frwt . 
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prune out. dead twigs and ln anches before 
flowering; remove dead leaves entangled in 
the tree canopy; remove infected fruit which 
have not fallen from the tree; and control 
jnsect pests which damage tbe fruit. V\'hile 
these are good, general methods to help con
trol the disease, thev are likeh impractica] in 
California dueto trie costs in.volved . 

When a disease like Anthracnose oc
curs. the fruit problems usually persist until 
the end of the current harvest season. This is 
dueto the abilitv of the funsrus to infect the 
fruit at al! stages and remain dormant until 
the fi·uit ripens. There are no chernical con
trolsavailable, and postbarvesthandlingcon
t rol s are oflimited use. Fruit. should becooled 
to 41 cp as soon as possible after harvest. 
Tempera tu res below 41 °F should be avoided 
because internal damage due to chilling in
iurv mav occur. Delavs of longer than 6 hours 
'befare cooling. and higher pulr air l tempera
tures during thcse delays, , .. , result in in
crcascd posthnnest fruit decay. This js of 
1ncrcasi ng: importan ce as the sea son 
progre~scs. ~incC' fruits ripen faster a!:' they 
incrca;-;e in matunt~· 

Trmp(·ratun l::>cr itica.l toAnthracnose 
dC',·rlopm('nt. Onee f'run starts te ripen. :em
prrat urE:>s of 'i5·T and nbo,·e will accelerat<.• 
developmcnt ofAnthmcno5e, v;hile tempera
tut·es bE:>low 59·F w¡}) reta.rd development . 

PHYTOPHTHORA FRUIT ROT 

P hytopht.hora fruit rot is caused by Ph."''· 
tophthora citricola. th.e same fungus that 

causes Phytophthora canker or collar roL 
The dü:ease is ofminor importance in Califor
nia. causing t.he most damage during pro
longed wet weathe1·, the same conditions that 
favor Anthracnose In contrast to Anthrac
nose. which is primaril~· a po~t-harYest prob
lem Phytophthora fruit rot affects the fruit 
\\'htle it i;:; ~till h;mgmg on the tree . 

ymptoms 

Affected frUJ t are often touching the 
soil or are hanging on the lower branches . 
Most damage occurs within one meter ofthe 
soil surface. Disea.sed fruit have a distinct 
circular black arca that usually occurs at the 
lmvest spor on the fruit !Fig. 21 l. Whíle m os t. 

• 
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Fig. :!2. Less i}plcaf tes1on on the s.l?oufder ot an 
.;wocado tru;t 

i nfect10.1.1~ occur at the bottom of the fruit. 
they cnn occur anywhere on th e surface 1Fig . 
22 ). Imernally. the rot extends into the tlesh . 
d a rkening it in the same pa ttern as the af
fet:ted urca on the surface (F ig. 23 l. 

Disease Prevention and Control 

Beca u ·e infection is probably caused 
by the :;plashmg ofPhytophthora propagules 
from the soil :mrface to the fruitduring heavy 
rain. pre,·entiOn is difficult. A.ny practice tha t 
helps reduce splash . s uch as a layer ofleave::;. 
m ay hel p. Frui t lying on the ground should be 
rentoved. because the fungus can gro\\' and 
:::.porulatc on them . 

There are no chemicals labeled for this 
disease on avocado. 

Fig. 23. Interna/ symptoms of fruit rol caused by Phy
tophthora citricola . 

DOTHIORELLA FRUIT ROT 

D othJOrelln fruit ror i:; eau~e-d b~ the utn
k('l'-1 ndul'i J' g l'u ngu~ . Dn ·h i(lr · /'~ · 

~n.•!fann. Thi:- cll;-;ea~e ,; ar t c..:.l;-;:tm::-d tH.It 
'ímnor po .... c-han e>:-,t prohlem of aY•Kado~ ;r¡ 
California 

y mptoms 

Thb disease doe::; not appeanvhen the frun ~~ 
~mllon the tree. but.de,·elops after !:.ht• fnul i"' 

ptcked and slart :; to soften. Small purplt:-h
brnwn spot:; may then appear on any pan qf 
the fruit, but more often at the stem ene!. 
These spot::; gradually enlarge. and may 111 -

volve the en tire fr uit sur face fFig. 2-1 J. The 
flesh is invaded by the fungus. becomes di:::.
colored, and develops an offensive odor. 

Disease Prevention 

The fungus commonly grows on dead 
leave::;. dead margü1s ofleaves, and ondead 
branche ·. Do not let dead material accumu
late in the groves. Also, a\·oid saline condJ
t ion::; which mtluce leaf-burning of lea\'es . 
becau::,e Lhe fungus will ti,·e on the dead 
por twn:; of the lea ves . 

Control 

See thc an thracn ose control section . 

1 j 
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Fig. 24. Fruit rol caused by Dothiorella . 

SUNBLOTCH 

S unblotch was first described in California 
111 192c as a physiological disorder. The 

di="ea::;e was shown to be graft -transmit ted in 
th(:• 1940s, and for many .vears was thought to 
ht' ca u sed bv a virus. In tht.> 1970s. sunblotch 
\\ n:-;; clt'tf>rnÚnecl to be caused bY a viroid. It i!:' 
tlw nnl.\· knov.;n viroid clis~u~e .of'avo<:ado. 

Sunblotch c~Hl occur nnnvhere a\ oca
do-. mt> !.!1'0\\'ll ancl. while th~·n:· have be(c•n 
"l'I'IOlb <;uthreak:: in Lh<" pa~t. it is currently 
con:-idered to be a mino r problem that can be 
.s1·md~cl hy pre\·enti~m of' the introcluction of 
LhL· di~t·ase . 

Symptom s 

S~·mptoms on t wigs in elude narrow 
vt>llow. red. or necrotic streak~ thatoften are 
associated with shallow indentations that 
O<'cur lengthwise along the twig (Fig. 25 ) . 
Fruit may show white or yellow blotches or 
strenks that muy or may nol be depressed 
tFig. 26 1. Fr uit that remains green at matu
ritv u sunlh· have white or yellow1sh areas . 
wlji]e fruir that turns black usually have 
whitisb areaE' that turn red as the fruit ma
tures. Leaves may have white or yellowish 
\'M)egated areas, and they often are deformed 
'Fig. 2 7 . Leaf symptoms are uncommon in 
the field. A fourth s~·mptom is rectangular 
cracking and checking of the bar k on the 
Lrunk and larger branches C"alligator bark ·: l 
rFig. 28 ). Trees affected by the disease are 
often stunted with sprav.:ling growth (Fig . 
2.9). Trees witb \'Ísible sunblotch symptoms 

)2 

Fig. 25. Yellow twig streaking caused by Sunblotch. 

often have reduced yields . 

Cau sal Ag ent 

Sunblotch is caused bv the A\'ocado 
Sunblotch Viroid <ASBVD I.AS.BVD isa small. 
single-srranded circular RNA molecule of247 
oucleotides with a mol ecula r weight of 
0.8xlO·'l. 

Disease Cycle 

The ,·iroid i~ carried within the hn:--t 
t i~:'UE'!-'. \"isual symptom;:; cm the host depend 
on the ho.st \·arieb, environmental condi
lions. and \-iroid sirain. Trees that do not 
.::;ho\\' ~~·mptoms even though the Yiroid might 
be present in high amounts are knO'-'Yll a::: 
··symptomless carriers:· Large reductions in 
yield ofvigorous trees may indicate the pres
ence of ASBVTI in the ''symptomless carrier" 
form ofthe disease. The \'Ü·oid is t ransmitted 
through high nurnbers ofthe seed from these 
infected trees. Although seedlings from such 

F ig. 26. Fruit symptoms caused by Sunblotch. • 
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Fig. 27. Leaf symptoms of Sunblotch (rare in the field) . 

Fig. 28. Bark crackmg on the lrunk and major branches 
due to Sunolotch dtsease ("alligaror barlc") . 

symptomle~s carr-iers do notshow symptoms 
of sunblotch when they are used as root 
stocks, the discasc will often appear on scions 
graftcél to thcm. Trccs with symptoms tran.s
mit the viroid to sccd ata low frequency, but 
the resultant infected seedlings normally 
~how symptoms . 

Fig. 29. Stunting o/ an avocado tree dueto Sunblotch. 

Transmission of the viroid most often 
occurs at grnfting by using infected budwood 
or rootstock scedlings. Other less common 
method:; of'tro.n~mission are throug-h '''ound:-; 
cuu~cd bv contaminated cutting- loob. rnc>t
to- root gi·afl:s. und by poli en fro1n an. infectt-d 
tl'CL' lo t}H' flower on!le of a non -infet:tt-d 
plan t. resultlllg in mfccted seed. ;\o 1:' tdenn· 
hns lwcn ohserved for tran:;miv ... j m vf 
sunblotch lo l n'e~ who:-e tlowt:r" n:ce. \ l' ¡Jol
len fnHll .1 cti:-l.'.t~~d tt·er•. There i.:' no t:''- idt·Jll..'l' 

t)f ilbt 'l'l ll"<ll1:'111l""jlH1 . 

Contr ol 

The pnmar:-- contr ol mea~ure l'or thi-., 
di!"l'n:5e i::; the u:;c of regi:stered tree:--. "hJcl 
involvcs can'ful se lection of dísea::se-frl', :-ci· 
on:;; and ;;0erl :murce:s. These sou1Te~ can bt 
contirmed lo be disea:se free by indexing· . 

Trce:s with :symptoms may be remowd 
(i·om the orchnrd. and remaining stump::. 
~hould be killed . Indexingofsuspect urcharcb 
can be done Lo iclenti fy positi ve trees. Pruning 
tools ancl barvesting clippers should be :;ter
ilized bet ween trees . 

In an established orchard. the threat 
of :,pread from an infected tree is minor a~ 
long as the tree is not used a:s a scion source 
or for :;eed. [f the tree is producing good 
qual ity fr uit. the grower may elect to le<.l\·e it 
in place. Often :such trees are left in place 
with no evidence of spread. 

!.1 
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BACTERIAL CANKER 

B act.erial canker is a disease that is wide
spread but. relative]y unimpor tant. :-Jor

mal inctdence in a grove is a few affected 
trf'es. In some groves however. the disease 
ma:· hE' ~e\·ere and affect well over 50 percent 
ofthe trees 

Sympt.oms 

The íirst \·) sual symptoms on thc bark 
are d~1rk. ~light.ly sunken a rcas with a wa
t<:-ry, necrotie pockel undcr lho surface. As 
the canker dc>velops, thc bnrk splits, usually 
nt onc si de ofthe cankcr. and lhe waterv fluid 
ooze~ out and dl'ics. lea\'ing a white p<1~vdery 
re,-idm· nround. and somettmc~ O\'er. the le
'='wn Ft,-!.<: 3lJ. :31 . .3:2. Typttal canker~ range 
,., m :!-10 cm m diamctc'r l' sualh· canker~ 
appNlr ot thc bn:::t- oftlw trN first'and oflen 
!-pread upww·d in a su·atght linc on one side 

F ig. :lO. Acl1ve les1on of Bactenaf Canker . 

J..J 

of th(' trun k or branch <FLg. 33). ~ecrotic 
streah extend in lhe wood from the necrotic 
areas underneath the cankers both above 
and below the lesions <Fig. 34). Necrotic 
streaks between the cankers are usually in 
the xv)cm. sometimes t.oward the center of 
branches or trunks. 

se,·erelv affected trccs mav have frorn 
on(' branch to the entire tree iooking un
thriftywith thin foliage. Somctimes,on ne,.,·}y 
plantC>d tn·cs the small tree becomes stunted 
wit.h many lesions and new branches grow 
from buds below the affected part. Affected 
trces ofl-en have symptoms of boron defi
ciency on the Jea ves . 

Cause 

ThE> disense in California is caused bY 
thL' bciCl('l'Íum . .\antlzomona~ wmpeiitri.~. 
whilt• n similar disease in South Africa haE 
ht:"(•n de~c:ribed a~ being cau"ed hy the bact(:-
rium. P.w:udomona.<; synngo• . 

F ig. 3 J • fnacwe /es ion of Bacrenal Canker. • 
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Conb·ol 

);ormnlly. the disease appears to be a 
minor problem \\:ith no control necessary. If 
the dl:::-e<w~ i~ severe and vield is affected. the 
tree "hould be removed.· 

Fig. :32. Cross sectton throtigh a Bacteria! Canker 
es' ,, 

\ ,¿:~ .... 
Fig. 33. Bactenal Canker Note the progresston up •re 
tree 

Fig. 34.. Necrot1c streaks 1n the Nood between Bacteflal 
Canker les1ons 

1.1 
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pliM!Lt"p~ ~ t\Ui,ce;e<ilA'"J~]'\AA1~ 
~ CaUfo-vvúcv Avo-cad& S o--det:y} ~ 
A WCM~"cL of H 01'101"', CMru;i; to- w1'1.Q11111.1 
tl~ pulnicatfo-vv ~" ~ed!. 
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GOOD AGRlCULTURAL PRACTICES SELF

AUDIT 

This program is intcnded to asscss your e fforts to minimize thc 
risk or rruit contamination by microbial pathogcns and to ensurc 
optimal qual ity. 

~atnc: ___________________________________ __ 

Titl c: --------------------
Compan y N ame: ___________________________ __ 

t\udit Site(s): -------

Ma in /\ddrcss: ----------------------------------

Statc: ___ _ Zip: ________ _ Tclcphonc No: ____ _ 

fax: _______________ Emai l: ---------------------

Date a u di t conducted: ------------------------

l lave you participatcd in Good Agricultura! Practi ccs (GAP) 
Training? Ycs No 

ls therc a map that accurately rcprcsents your farm operations? 
Yes No 

Are all crop production areas locatcd on this audit site? 
Yes No 

Other locations to be auditcd: 

Total acres fanned (owncd, leascd, contrnctcd, e tc.): _____ _ 

List l~t rm products : __________________________ _ 
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Conditions undcr which lHI autornatic " unsa tis facto r r .. 
should be asscsscd: 

• Produce is grown or harvcstcd unclcr conditions that promoll: 
or cause contéll11111élllon. prcscnting an immcdiatc food o;a lct' 
rísk. 

• Thc prc,cncc o re\ idcncc ofrodcnts. or animal or human 
fecal W:l$lC 111 thc orchard oral fmit transportation stag1ng 
arcas 

• Obscrvallon of cmploycc practices (personal or hyg.icn1c) 
that jcoparditc or mny jcopardizc thc safcty of thc pmducc. 

Note: o in thc noc column ind icatcs documcntation lllliSI 

he availablc to rc<.:civc poínts for that itcm. 

l. GENERAL QUESTIONS 

lmplementation of a 
Food Safety Progr am 

Ves No N/A DOC 

i\ docurncntcd fnrit quali ty'safcty 
prograrn incorporating Good 
Agricultura! Practiccs has bccn 
irnplcmcnted. 

A spccilic individual has becn 
dco;ignated to irnplcmcnl and ovcrscc 

2 thc lbod sa fety program. 

Nnmc: ----------------------

GAP sc lf-a ud its are performccl at 
J lcast once evcry six monlhs. 

4 

/1. 1hird-party GA P audit is performcd 
al lca1:1 o nce pcr ycar. 

N ame of auditing fim1uscd: 

Seo re and raling of last audit: 

farm personnel are knowlcdgeablc of 

15 o 

15 o 

10 o 

10 o 

5 thc propcr use of all pre-harvcst 1 O O 
chcrnicals. 

6 A documcnted employcc food safcty 
10 

training program is in place. 

TOTAL POINTS R.EC EI'VE D ' 
FOR THJS SECTION: 

D 
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\Vorkc r ll ca llh nnd llygienc Y es No Worker Health and Hyglenc Y es No 

Potable (drink:tblc) water t<: 10 o Therc is a written policy describing 
7 availablc to all workcn;. procedures for handlingldisposition 

Training on ptopcr ~:Hut:llion and ló of produce or food contact s ur faces 15 o 
8 15 o that have come into contact with hygiene t <; prO\ idcd to all stafT. 

hlood or other body nuidc; . 
Rcadily undcrstandablc sign~ are 

Workcrs are instructcd lo seck 
9 

po:.led to instntct cmployccs lo" ash 10 o prompt treatment with clean firc;t aid thci r hands bcforc bcginntng 0 1 17 
supplies for cuts. abrasions. and 

5 o 
retum ing to wo1 k. 

other injuries. 
Employccs are rcqt11rcd to wash 

TOTAL POINTS RECEIVED• 10 their hands hc forc bcginning or 10 o 
retuming to -.vork. FOR THlS SECTION: 

All cmployccs and all visi tors to thc 
location Me rcqui rc<l to fo llow 15 o Co rnmenls : 

11 proper sanitation nnd hygicnc 
practiccs. lmplcmc ntation o ffood safcty program: 

Employecs :md vistlors a~c 

12 following good hygicnc/ c:nnitalion 10 o 
practiccs . 

13 Alltoilct,rcc:troorn fac ilities are 15 o Worker 1-Jealth & Hygienc: 
clean and pwpcrly supplicd with 
smgle-usc lO\\ cls. totlcl papcr. hand 
soap or ant i-h~u.:lcrtal soap. allCI 
potable water for han eh' ashing 

14 Smoking <llltl catmg are confi ncd tu 10 o 
designalcd arcas scpara1c from 
whcrc prodm:c is hand lcd. Total points rcceived for GEN E RAL QUESTION 

15 Workc rs with dit~rrhcal discasc or 15 o Total Po.c;sible = 200 
symplomc: of othcr infcclious discasc Less ''N/ A" 
are prohibitcd from handling fresh 

1\djusted To tal : 
produce <lnd fro111 hand ling rnaterials 

X .7 (70%) l'assing .Scorc 
a nd equipmcntlhnt mighl come in Your Score: 
contact with frcsh produce. 

PASS: Y N 
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IL FARM J{ EVI EW Water Usage, Sewage Trcatmcnt, 

and Soils 
V es No N/ A DO• 

Water Usage, ewage Trcatrncot, 
Y es No N/ A o oc Prc' ious land use hil'tory indicatc" 

and oil 2!< th:ll thcrc is a mínimum ri-;k of 5 
\Vhat ÍS lhC \0\lfCC of irríga11011 water? ( Pond. Strcam. \\ el l. 

f 
produce contami nal ion. 

18 Municipal. Othcr Spcctf) ) Whcn prcvious land use histor} 

[_29 
tntlicatcs a possibility or produce 
contamination. soi ls have bccn tc~tcd 5 o D 

1 low are trcc~ trriga tcd"? (flood. Drip, Sprinkler. Ot hcr Spcctf)) for contaminants and land use 1c; 19 
commensurate with test results. 

Water qualt ty '' known to be TOTAL POINTS RECEJVED 
20 adcquatc ror lrrigation m<.:thotl 15 o FOR THIS SECTION: 

and/or e hcmicn 1 appl icat ion. 

21 
lf appropria tc, water qm1 lit y is tcstcd 

10 o Manurc and Municipal Biosolids Y es 
annunlly. 

lf ncccsc;ary. ~tcps are takcn to 30 Manurc lagoons are maintaincd lo 
10 

22 protcct irrigation water from 15 o preven! leaking or ovcrflowi ng. 

potcnt ia l ~ontami natiün. 
31 

Raw manure is not uscd as a soil 
10 

Thc fmm 'c"a¡,tc llcatrncnt :-y:-tem 1s 
mncndrncnt. 

23 funCIJOillllg pr(lpcrJy and thcrc IS "O 15 o Whcn raw manurc is applicd, il Íl> <ti 

evi<..lcmx oflc<tt..ing or runoiT. 32 lcasl al least 120 ua;s prior 10 10 

Thcrc '"no mumctpallcommcrcial 
han CSL 

24 sewagc trcatmcnt facility adjaccnt to ro o Manure or biosolids are propcrly 
the fam1. 

33 
treated. compostcd or cxposcd to 

10 
environmental conditionc; that lowcr 

Grovcs are not locatcd ncar or 
the expected levcl of pathogcn" 

25 adjaccnt to datry or hvcstock 10 o 
prOdUCIIOil fílCIIII ICS. 34 Manure or biosolids are propcrly 

10 
Measurc<: are takcn lo rc<;trict acccss 

storcd prior to use. 

26 of livcstock l o lhc ~wurcc or dclivcry 5 o rr compostcd animal manurc or 
systc:m of irrigation wntcr. trcalcd biosol ids are u sed. rccords 

Mensures me token to dctcr wild or 35 are maintained showing that thcy 
5 o D 

27 domes tic anima ls from cntcring 5 o are properly compostcd , such os 
ccrtificotions or Standard Opcrating 

avocado grovc". Proccdurc:s for composting. 
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36 

37 

3R 

39 

40 

4 1 

42 

43 

44 

45 

Manure an d Municipal Biosolids Y es No N/A 

~1easurcc; are lakcn to nunimi7c 
recontanunat1on ol 11 eatcd rnanurc 10 o 
or b10c:ohds 

Record.; (1 r org:llliC ami n<m -orgnlllc 
fcrtll u cr applacn llon-. are kcpt ami 5 o 
3 \ ;ulahlc f<lr rcv1c" 

Co rllnl(s are 111 pla~.:c: tu preven! 
ind1rect contarnina11on fmm raw 

5 o animal mamu c f"llml adjaccnt 
propcrtiC'>. 

TOTAL POINTS f~ECE IVED 

FOR TIIISSI!:CTION: 
e__ 

Pcsticidc Mnnngcmcnt [ Yes [ No [ N/i\ OOC 

Pcsticidc appll cator number: 
------------------------

Pcr<;on réspo m ihh: l'tu pcnni ts: 
--~----~----r----

Pesticrdc appll callon record<; are on 
fi le wrth C<' Uill y 

All apphcablc count~. statc and 
federal rcgulall onc; are followcd for 
pcstic1dc u-;agc 

Record' :trc m, 
pcc;ticidc 11"-1g.c 

:t rr llarm·d for 
011 CI Op<; . 

15 

15 

10 

•• 
·• --------4-----4----

A n llldcpcndel 11 party rs uscd to 
de compllancc. test for pcs 11c1 

5 

------~----~--4-----

Employccs :11 e knowl cdgcnhlc 
rcgarding prop c r 11~c o f rcstri ctcd 
and/or regula te d chcmicnls, 

g il·idcs, cte. thnt are 
·vcst prod uctio n 

pcsticidc~ . fun 
npplicd prc hm 
phasc . 

10 

r esticide Management Y es No N/ A DQ( 

l'csticides are appl ied by fu lly 4ú 5 o D traincd applicators. 

o.l 7 Proper apparel for pcs ticitlc 
applicat ion is pro\'ided. 

4K Pcsticidcs are used according to 
10 labcl ins tmct ions. 

TOTAL POINTS RECEIVED 
FOR T HIS SECTION: 

Commcnts : 

\Val er· Us::~gc , Scwagl.' Tr·cat mcnt, an d Soils 

Manurc and Municipallliosolids 

Pcsticidc Managemcnt 

Tutal points receivcd for FARI\1 R f<:VI E \V: ---------------

1 olill J>0ssiblc = 
Lcss " N/ A."' 

245 

A.djustcd Total : __________ _ 
x .7 ( 70%) P:tss ing Scorc 
Y nu r St"orc: 

r ,\ SS: Y N 
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111. FI ELD HA RVESTING i\CTI V ITIES 

Field Harvesting and 
1 Yes 1 No 1 N/A 1 DOC 

Worker Sanita ti on and Hygienc 1 Y es 1 No 1 N/A 1 DOC 1 1 1 Transporta tion 
- -

A managemcnt program is in place 1 f pesticidcs wcre u sed during crop 

49 
l 1? identify potential contamination 

5 o () production, treatmcnt rcconls are 
nsks dunng thc grow1ng. and chccked bcfore picking fruit to 
harvesting season. 56 ensurc that all prcharvest intcrvals 1 15 1 o 1 1 D 

The farm has documented (chcmical withholding pcriods) 

50 l proccdures to ad(!rcss sani.tation rcquired by law have been adhered 
5 o D to. reqwrcmcnts dunng growmg ancl 

harvesting. 
1 57 1 Fruit is picked only whcn 

The number, condition, ami 1 5 1 o complctcly clry. 

51 1 
placemcnt of fíeld sanitation units 

10 o 

-~1)~ Fruit that has been in direct contact comply with applicable s tate 
aml/or federa 1 rcgulations. 

5X with the ground (including 
1 15 1 o 

Field sanitation units are clcancd windfalls and fruit on low-hangüng 

52 1 
and scrviced on a schccluled basis branches) is handlecl sepcrately. 

10 o () 
and at a location that rninimizes the 

1 S9 1 Puncturcd or rodcnt-damaged fruit risk for product contamination. 1 10 1 o - · is discardcd. 
Field sanitation uníts are dircctly 

53 1 accessiblc for spills. major leaks 10 o Harvested fruit is placee! directly 
and servicing. 60 into bins or laid on tarps. Fruit is 1 5 1 o 
A response plan is in place in the 

ncver placcd directly on the ground. 

54 1 event of a major spill or leak of 5 o 
1 61 

11 f fru i t is la id on tarps, tarps are fietd sanitation units. 
stcrilized or replaced frequently. 1 15 1 o 

Field sanitalion unit~ are properly 
supplied with single use towels, 

1 1 

1 (: 2 1 Workers are ins tructed not 10 stand 
1 10 1 o 

55 1 toilet paper, hand soap or anti - 10 o ' in fíeld bins. 
bacteria! soap and potable water 

1 1 1 for hand washing. Tablcs, lotes, bins. and othcr 
ó3 harvesting containers are cleaned or 1 5 1 o 

TOTAL POINTS RECEIVE D 
1 1 1 sanitized prior to use. 

FOR THIS SECT ION: 
64 1 Damagcd or soilccl containers are 

1 5 1 o 
rcpaired or disposed of. 
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65 

(¡(J 

67 

68 

69 

70 

71 

72 

Field 1 
Trn 

l nn csling nnd 
n~porlntion 

Field bn1-. :1rc 
'' ashcd. lllhC 

lugh-prc.,c:urc 
d . nnd ~:1111 111cd 

beforc reuse 

Clea11 h111'- t h: 11 <ITC nol hcing 11'\CU 

:ll l' t ' O\ e red lO p1C\"CI11 

1 hy bndo; aml/or 
immcchatclv. 
contaminat101 
animal~ 

Clippcrs nrc t 
blcach soluti< 

rcatcd \\ 1th <~kohol. 
m. m quatcnwry 
1111pounds during ammon1um e< 

brcaks. 

Harvcstíng <X JUÍpmcn t whk:h 
comes into C< 

kept as e lean 
lllt~lct wí th produce ís 
as practicable. 

Farm workc1 . 
use harvcstin 
cte. for cm ryi 

s :m: 1n~tructcd 1101 lo 
g containcrs. toles. 
11!!. or sto1mg non-

produce ll('lll e; 

Water apphct lto haJYc!>tcd product 
is potable 

Efforts are m adc to rcmovc d1rt, 
mud. twtgs. a nd Jemes lhnn frui t 

ncrs bcforc scmlin!_! to 

adl1ty. 
and/or contm 
the packing 1: 

Transporta tío 11 CtJU i pmcnl u sed to 
e r. 0111 iicld lo lllOVC prodtll; 

Ycs No 

5 

5 

5 

10 

5 

packing opcr ati\lll 01 storagc ami 10 
which Cl/lllCS into 1.:ontm:t with 
pru<.lucc is el l:Hil, 

TOTAL r,O 
FOR TI liS . 

INTS lmCEIVEI> 
SECTION: 

N/A 00(' 
Commcnts: 

\\ orkc r Sanitation and llygicnc 

FichJ llanesting a nd Trans portation 

T otal poinls rcceived for FIEL!> HA RVESTI NG ACTIV IT IES: 

Tola 1 Po<;siblc = 
Less "N/1\ .. 

190 

Adju<;tcd Total: ____ _ 
x .7 (70%) Passing corc 
Your Scor c: 

PASS: Y N 
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1 \' . ORCIIA IH> IVIANACEMF:NT 

Rot aod Disease Managem ent Y es No 

Rot and Oiscasc Mnna~emcnt Y es No A ftcr use in a discascd orch;ml. <tll 

Ocnd flllll. b1 iiiH.hc~. ¡md lca"cs ~n 
cquipmcnt (shovcls. soil au!!crs. 

10 o 
73 are rcgul.ul ~ 1 e mm ni f10m thc 15 () 

tro\\ cls. cte.) ¡, sanit Í7cd bcforc 
rcu~c. canop} 

A mechalllcalmuldlcl chippcr is 
Pnming. cuning and injc<.:tiou-. 

X4 tools are treated with 15., n hlcach 10 o 
74 uscd to spccd thc hrcahlo\\ n of 

JO o soJution betwecn trccs. pruning \\oud and \Hndl'all fn~i t on 
1 he orchard llon1 Bcfore graOing. a lab test is nm to 

xc; dctcc t sunhlotch viroid in graO 10 () 

75 
Ucforc plant111g. <;oil 1s p1cpared lo 

15 o wood. 
allow ror good <ll<l lllagc. 

In he:wy day snil. t rcc~ nrc pl:mted R(l fru it on the ground is removed and 
15 o 

76 on mounds or rid~c~ lo nllow 10 o discnrcled. 

drainagc. TOTAL POINTS RECEIVED 

Only ccrl i ficd d i:;l·a~c-frcc nursery FOR THIS SECTION: 
77 

stock is plantcd. 
15 o 

78 Tcnsiomctcrs n1 othcr lools are 
5 o Ínsect, Vertebrate Pest and SnaJI Y es .No N/ A De uscd 10 :-chcdulc i11tg.ntion 

Control 
lrngat1011 wa1c1 110111 n:scrvoir<: 

79 and canals ts trcatcd \\llh chlorinc 5 o A qualificd Pest Control Advisor 
lo climmalc 1noculum H7 

or University ofCalifomia Farm 
J S o 

Advisor is consulted beforc 
~o 

Warning •agns me placcd bCI\\CCn 
5 o applying pesticides. 

infcctcd ami untnfccted orchards. 

IJoxc<; C{ln tauung coppcr "ul fa te ¡.:g On1sh and woodpi Jcs are clcarcd 
JO o 

from in and around orchards. 
XI are placctl :11 gmn! L'ntrnncc antl all 

5 o 
fout trnffi<.: is •cquin:d to tlu <:t Pct food is storcd in rodcnt-proof 
shoc~ bcforc cntcring thc grovc. 

89 containcrs and leOovcr food is JO o 
Sha llow chlolmalcd or coppcr removed from pet dishcs. 
~u l fa tc-t rcatcd wa IL'r h¡¡ l hs are 

<la• bagc containcrs are kcpt tightly X2 placcd al grovc cntrancc for 5 o 90 10 () 

vchiclcs lo drivc th mugh whcn covcrcd. 
----cntcri ng thc pr~:mi~cs. 

During firsl ycnr of growth, trcc 

91 
trunks are protectcd with 1-inch 

5 o 
mesh wirc to prcvcnl dnmagc from 
dccr and rabbits. 
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lnsect, Vcrtcbrntc Pcst nnd S nnil Y es No 

Co n trol 

92 Gro\C<. are fenced 111 to kccp 
10 () 

\\ tldlifc ami pct<> out 

Bro\\ n g.:o rdcn 'llatl<> are trcntcd 

93 using c.kn•ll:nc -.natl .. or chcmtcah 
5 o (e g .. iron phn-.phmc oc 

mctaldall\,dc l 

TOTA L POINTS RECEIVE O 
FOR T HIS SECTION: 

Ha rvestlng nnd FichJ Handling Y es No 

94 
Fruit is pickcd only whcn ai r 

15 o te m turc~ are hclow 90 .,F. 

Al lcrnpcratun.:.; nc::11 90 ° 1'. hin~ 
95 are lransp(lrlcd lo thc pncking 10 o 

fncility as quickly ns pü!:sihlc. 

Harvestcd fntit i<> cv,crcd wi lh 
96 lea\'CS ora scrccn ( not btn lap) to 10 o 

protect from o;unbut n 

TOTAL POINTS RECEIV ED 
FOR TJII SECTION: 

N/ A L>OC ('ommcnts: 

Total points f01· ORCHARD MANAG EM ENT: 

l'o tal Possiblc = 
Lcss " N//\ " 
t\djus tcd Total : 
'{ .7 (70%) 
Ymu· Scorc: 

1~/\SS: y 

SECTION 

~-

l. ( ;cncr al 
Qucstions 

-

235 

_____ Passing Scorc 

N 

PASS SCORE FAIL 

11 . Fann Rcview 

111 . Ficld 
l larvcsti ng 
Ad ivitic!': 

1 \'. O rchnrd 
'J !1 11 !1J!t' I11 C II t 

-

SCHEDULE O 
RE-TEST DATE 
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WORKSHEET 1 
PATHOGEN R EDUCTION CHECKLIST FOR 

COM POST * 

1\.sk your com¡>osl supplicr for lhe following in fo rmal iou: 

1. Pcrccntagc and physical make-up of the compostcd material: 

2. Dale thc cornpos t pnll'CSS was stnrtcd __ _ 

3. Daily tcmpcraturc rcadings of 1 ~ 1 dcgn::cs Fahn:nhcil or 

ltighcr'? _ 

4. 15 Days or l0ngcr at 131 dcgrccs Fahrcnheit for windrow 
composling? 

5. Windrows turncd a mínimum of 5 tumings? 

6. Microbiological tcsting conductcd? (E. coli < 1.000 
MPN/gram and Salmonclla < MPN/4 grams: ''MPN" mean" 
" lost Probable Numbcr) __ __ 

* This fo rm is o n ly a snmp l<' and s ho u ld he m odificd h~- th t• 
approp r iatc tcchni cll l cxpcrts nnd legal a d visors to mcl'l t h ~

nccds of you r ¡uu ·tic uhu· opcn1tion. 

WORKSHEET2 

FIELD SANITATION ANO WORKER 
llYGIENE C H ECKLIST* 

Ran c h N~tm e/ Location: ------------------------------
Ficld Sanitation Y es l>escription 

1 1 

Cond it ion of Ficld T oilc ts 

A. Corrrct numbrr «lf to ilr t facil ities 
for malr nnd femal e workers 

B. nu~r llfO.~ i mity lo Clli(Jioyrcs ( 114 
milt• nr S minutrs) 

-
C. ( '1<'1111 nnd san itary fadliti ts 

U. r>ocumr ntation of maintrn:wcc 
ami sa nitntion 

-
l. 1\\ era gc numbcr of cmployccs (H:r 

\\'Cck 
f- ~-

2. Numbcr of ficld toilcts in ltSc 
- --

.:1 . Frcqucncy of clcanmg 

•L P10ccdurc for mai ntcnancc and 
!'anitati<lll 

-
r.. t>r-ovisions for· r <'gula rl) chcckin~ 

toil<.'t p:-t p<.'r 

Worker Hygiene Y es D escríption 
----

A. \Yrittcn lrainíng ¡Jrocrdures 

1. r· rcqucncy and contcnt of tmining 

ll. l>ocumrnl information on hand 
"ashing 

1~ ---
1. Daily rin$C :md clcan ofwash 

water tanks 
, l>nily rcplcnish111cnt <>f water 
·--

' Soun:c of handwa,<;hí ng water J. 
-- - - 1- ----

•l. Sign indicating "For lland 
\\'ashing Purpmcs Only .. , ___ 
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·-

Worker Hygienc Y es D escription 

C. l'roccdiii"C lor providing an d 
replcni ~ hing dnilr 

l. Clcan hand 11rtc:hing 1\,lll'r 
-- --- -

2. So::~p 

J. Stnglc purposc l\lwcls 

Drinking Water Policy Y es Dcscription 

J\ . J\11 dri nking water potable 

B. Single use cu ps proviclcd --
C. Drinking wntc t· c h :liiJ(NI d aily 

D. Water contain crs rinscd and 
ch~an~o>d d ;~ ily 

E. Oocumcnt sourcc of wa ter -
Medica! Len ve :utd lllness Y es Description -
A. Writtcn med ica! lcn vr an d illncss 

npurtlng polic~· 
--

*T his form is only n sn mple nnd should br modifi cd by th <.> appropriatc 
cxpcrts atHJ ICJ!al ad\'isur<; to mcct the necds of your par licul :tr 
op crntion. 

WORKSIIEET 3 
Fl ELD SANITATION MAINTENANCE LOG* 

(; •·o" er /Ra nch 
Location: _____________________ _ 

Beginning Date: _____ TIH"ough End Date: ____ _ 

Wcek # of #of 
Cbecked By 

Sanitation 
E nding Employces Unlts Frequency 

--

*This fonn is only n snmplc and shouid be modified by the appropriate 
('Xp<' rts and legal advison to llll.'l.'t thl.' nccds of your pnrticular 
o¡wr:tlion. 
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WORKSHEET4 

FIELD SANITATION HYGIENE SUPPLIES* 

Growcr/ Ranch 
Location: ___________________ _ 

Be~inning Dale: ____ ·1 hrough End Oatc ____ _ 

Date ll and- Sonp Paper Toilet Chcckcd 
wash Towels Paper B) 

Water 

('Ju~ck/ C heck/ C heck/ Check/ 

Rcfill 1{('1111 Rcfi ll Refill 

Che el\/ C he el</ C hecl<l Check/ 
Hcf111 ndi ll Rcfill Rclill 

Chcd d (' h(•cl</ C hccl</ C hccl\/ 
Hclill Rcfill Rcfill ReliJI 

C he(· k/ C heck/ C heck/ Check/ 
Rclil l Rclill Rclill Rcfill 

C heck/ C heck/ C heck/ Check/ 
Rclll l ncfill Rcfill Rclill 

C hrck/ ( ' hcck/ Check/ Check/ 
Refill Rcfill Rcfill Rl.' fi ll - -

C heck/ Clu.•ckl C heck/ Check/ 
Rcfil l Rcfil l Refill Refill 

C h eck/ C heck/ C heck/ Check/ 
Refill llt'fill Rcfill Rcfill 

C heck/ C heck/ C heck/ Check/ 
Rcfi ll Rcfill Rcfill Rcfill 

('hcck/ C heck/ C heck/ C heck! 
Rcfill Refill Refil l Refill -

C he(· k/ C heck/ C heck/ Check/ 
Rcfill Rcfill Ref1 11 Refi ll 

C heck/ C hecl</ C heck/ C heck/ 
n cllll 1{(' 1111 Rcfill Rclill 

( 'hccl</ (' hcck/ C h eck/ C heck/ 

'--
Rcfil l n cfill Rclill Rl.' fill 

*This fonn i~ nnly a s:unpll' nud shciUid he modified by l h <.' <t pp ntp• iall' 
tcc hnicnl C"'pcrl '\ nn <l lcgnl :~dvi~n •·s to mccl thc n l'l'd s of ~our pn r ticu lnr 
oi>Cmt ion. 

WORKSHEETS 

IIARVEST TOOL CLEANINC C JIECKLIST* 

Hanch Location : _ _________ D~tc: ____ _ 

Are tools being rnaintained so as lo rcmain free 
of damagc such as raggcd cdgcs'? 

ls therc a regular rcpair/ inspcction progran 
pcriodically fix or replace damngcd tools'> 

110 

/\re thc tools kept clcan ofcxtrancous 
matcrials such as tape? 

/\re s t<1tions available for the tools lo be 
clcancd ancl dipped in sanitizing ~>olution 
pcriodically during the day? 

---
ls thc ~anitizcr conccntration vcrifícd <.md 
dvcumcntcd in a log? 

-

~ 

-

-
r (ilovcs are not to be used as a subc; ti tutc fo 

hand "ashing. ls thcrc a handwashing pro gram 
in place? ls it being followcd'! 

/\re glovcs maintaincd in a clcan and santt ary 
manncr? 

-
Do \Vorkcrs know that gloves and harvcsti 
too ls are not to be taken into thc toilct fac i 

ng 
lit y? 

/\re glovcs dcancd and rinsed pctiodicully 
during thc harvest day? 

<J or ls thcrc a program lo replace hcavily soilc 
damngcd glovcs on a routinc basis? 

Y es 

-
Y es 

Ves 

--

Y es 

Y es 

¡~ 

Ves 

1-

Y es 

Y es 

Y es 

Y es 

* Thís form is on ly a samplc and should he modified by the 
a p(lrop r ia te tcchnica l exper ls nnd legal advlsors to mcct 
1 h<' ll l'('ds of yo u r particular operatio n. 

No 

No 

No 

No 

o 

No 

No 

No 

No 

No 
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WOHKSHEET6 

\ VATER WORKSHEET* 

Grow cr / Rauch l .ucat ic111 : 

- --
Water Source: lrrlgat lon Pestlclde Hand Drln ki ng 

Water &Follar W ashing \\' at('r 
Appliea- Wate r 

tion 

Source: 
Cappcd wcll Ycc:. o Ycs!No Ycs'No ' c c; ·N1• 

Uncappccl wcll 

Opcn Sourcc: cnnnl . 
Yc~fNo 

rcscrvoir. pon el. e tc. 
Y es/No YcsfNo Y e-> No 

- -
So urce: Municipal Yc'I/No 
dis trict water 

YcsfNo YcstNu Ycs1Nt• 

~-

Drip in·igation Ycc;/No Y es/No Yc:;;/Nn Y l'~'Nn 

Overheacltrrigation Ycc;/No YesfNo YcsíNo Yco;/Nn --
Flood 1rr igation Y(.-c;INo Y es/No Ycs'No Ycs1Nn 

- -
Fihratton c;yc;tcm locattnn Ycc; No 
(attach dt:~gram) 

YcsfNn Y es 'N<' 'lt·-.·Nl• 

U st Applica ble Dates for Each Cstegory 

Cappcd Wcll Annual 1 c't - ·-
Uncappcd \\ater c;ourcc 
(well. canal. rc<;ef\ oir) 

quartcrl} test --
Munictpal Dtc; lnct qualtl} 
Rcport 

Co11cctivc acti<~n & date 
takcn (chlorinatc. 
disinfcct. filler. cte. ) --
List potcntial mks frorn 
adjaccnt land (:lll:lch 
aclditionnl shccts a~ 
nccc~~m y) 

* This form is on ly a o;amplc nnd should be modificd by thc 
appropri:1tc tcdmicn l (•xperts a nd legal advisors to m el't tht' 
n ccds o f you r p:u·t icular o pc ratio n. 

WORKSHEET7 

DRINKING WATER CliECKLIST* 

C ; rti\\Ct·/H <Hlch -... a me: ____ _ 

ll c:J!inn in~ l>a lc: ____ thro ug h \ c:t r End J>:te<': 

Drioking Water C ups 
Water 

Containe r Checkct 
Date 

C heck/RcfLil/ by 
C heck/Refill Rlnsc/Clean 

1-
C bange 

- ----

--- - - -

- -
f-- ~ -

1-- -
1- 1---

1-

-- -
·-

·- - f-

f - -
-

- -

*Thi~ form ís only a sampll' a nd should be modifird hy lht> np¡>roprintt' 
ll•r hníc:ll cxpcrts and l e~al ad \'isors to mcct tite nceds of your particulat 
upcral ion. 
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WOH.KSHEET 8 

WORKER TRAINING DOCUlVII~NTATION'~;-

Oa lt' : -----
Ct·o" er: ________________ __ _ 

Topics 
Discusscd: ____________ ______ _ 

Trninet·(s) : -------------------

Attl-ndcd by: 

Attendct>' s Name Attendee 's Signa tu re 
-

- - -

-

--

*This form is only a sa mple and should he modifil.'d In 111<'<'1 thr 
ll<'<'ds of your p:trlkular n tH' ralion . 

-

WORKSHEET9 

EMPLOYEE TRAINING 

DOCUl\1ENTATION* 

EmlliOy<'c : __________ _ 

Position : _______________ _ 

llin.' l>nlr: ___________ _ 

Training Date Topic of Discussion 

- - --

-

- -

: 

*Thi'i fonu is only a sa mplc ancl s ho ulcl be modified to meet lhe 
ttcc tlo; of your p:u·ticular opcralion . 
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ANEXO 2 

POSTULACION PROYECTO COLABORACIÓN 
PACIFIC RIM PROJECT 
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AppUcant lnformation 
Dr. Mary Lu Arpaia 

Pacifi~ Rim Pre-ProposaJ 

Dept. ofBotany and Plant Sciences 
University of California, Riverside 
CA 92521 
559-646-6561 Office 
559-646-6563 FAX 
arpai aú_r)uckac. edu 

Project Title: 

lnternationaJ Research Collaboration and Student Training to Manage 
Avocado Productivity 

Amount Requested: SU,JOO 

Duration: 1 year 

Co-investi,aton: 

Mary Lu Arpaia (% responsibility: 25%) 
Dept. ofBotany and Plant Sciences, UC Riverside, CA 92521 , 559-646-6561 (office), 559-646-
6563 (FAX), arprua a.uckac.edu 

Robert L. Heath (-,to responsibility: 25%) 
Dept. ofBotany and Plant Sciences, UC ltiverside, CA 92521, 951 -827-5925 (office), 951-827-
4437 (FAX), robcrt.heath@ucr. edu 

Greg W. Douhan (o/o responsibility: 25%) 
Dept. ofPiant Pathology, UC Riverside, CA 92521 , 951·827-4130 (office), 95 J-827-4294 
(FAX), gdouhan@ucr.edu 

Collaboraton: 

Alejandro Barrientos·Priego (% responsibility: 5%) 
Departamento De Fitotecnia, Universidad Autónoma Chapingo. Km 38.5 Carretera México
Chapingo, Chapingo, Edo. De México. C.P. 56230; 011-595-952 1569 (office), 
abarrien@gmai l.com 

Monica Castro (% responsibility: So/o) 
Claudia Fassio Ortiz (o/o wuponsibility: 10~.) 
Department of Fruit Crops, School of Agriculture, Pontificia Universidad Católica de Valparaiso, 
Casilla 4-D, Quillota, Chile; 011-56-32-274560 (Office): mcastro fl!UC\ el, frutales1Z.uc' .el 
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Grant Tborp (% responsibility: 5%) 
HortResearch, Mt Albert Research Centre,Private Bag 92169, Auckland, New Zealand; 011-64-
9-815-4200 ext. 7079 (Office), gthorp@hortresearch.co.nz 

Fint Year Budget 
Budgetltem 
TRAVEL 

Airfare 

Food 

Lodging 

Local Transportaíon 
TOTAL TRA VEL 

MEETING/CONFERENCES 
Mise. expenses 

TOTAL REQUEST 

Amount Justification 

$6,900 A briefinternet check ofroundtrip Airfare to Chile varied 
from approximately $900 to $1600 . 
We bave estimated that airfare for UC Riverside Pis would 
be $1300 each; travel for Dr. Barrientos would be $1500 and 
for Dr. Thorp would be $1500 

$1 ,750 We wouldneed to cover food costs for 3 Pis fromRiverside, 
Dr. Barrientos and Dr. Thorp 
S people x 7 days x $50/day 

$3,500 We would cover the cost of lodging for 3 Pis from Riverside, 
Dr. Barrientos and Dr. Thorp 
5 people x 7 days x $1 00/day 

$0 Our collaborators at UCV would cover local transportation 

$12,150 

$150 Miscellaneous costs associated witb preparation of worksbop 
re rt 

$12,300 

Budget and grants oftkers' information 
Department Contact: 
Juliet CheWtg, 95 1-827-4435, juliet.cheung@ucr.edu 
Campus Contracts and Grants OffJ.cer: 
Mayela Castillo, 951-827-5535, mayela.castillo@ucr.edu 

Other sources of support: None at this time 

Abstract 

The University of California has been the preerninent research institution in the development of 
new avocado varieties and rootstocks for the last several decades. Commercial avocado 
production in the Pacific Rim has been expanding at a rapid rate with tbe major goal of 
marketing the fruit in the United States. Mexico, Chile and New Zealand are the major off-shore 
suppliers of ' Hass' avocados to the US. These countries face the same production problems 
related 10 productivity as does the California industry. Overall tree heallh and vigor, related to 
rootstock tolerance 10 disease, salinity and pests are a key to overcoming productivíty issues . 
Add:itíonally, an improved variety that possesses less altemate bearing characteristics and greater 
tolerance to environmental stresses is desirable . 
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We propose organizing a planning worksbop in Chile that will bring together the researchers 
involved in avocado research in the Pacific Rim region. Our intent is to discuss mutual research 
programs, identify potential students in Chile and Mexico and plan a coordinated research effort 
to further research and graduate student training that will benefit the research institutions 
involved as well as further knowledge on avocado . 

Project Narrative Keywords: avocado, rootstock, research, graduate student training, 
producti vi ty 

Descliption of Project 

Until recently, the major supplier of fresh avocado to the US market has been California. Since 
the 1970' s the preeminent variety has been 'Hass', a variety which originated in California. 
Beginning in the later 1980's the importation of 'Hass ' avocado was allowed from Chile into the 
United States. This has been followed in recent years by both Mexico and New Zealand. The 
market presence of avocado fruit from ü1ese countries has grown immensely during the last 10 
years to the point that California fruit now accounts for less than 50% of the US markel. As the 
market share for these countries has increased and thus the importance of this crop to tbe overall 
economy \vtthin the Pacific Rim, greater emphasis on research and graduate student training has 
occurred. Researchers in Mexico and Chile are conducting research that focuses on the factors 
which influence overall tree productivity. They are examining root health and the avocado's 
tolerance to disease, poor soil and water quality. This research complements the ongoing 
research prograrns conducted at tbe University ofCalifornia, Riverside . 

The major Iinúting factors to productivity and tree health in all countries are basically the same . 
Avocado root rot caused by Phyrophrhora ctnnamomi is prevalent in al! productíon areas. In 
Chile and California, water quality issues such as salinity and poor drainage also lirnit 
productivity. A logical approach to addressing these issues is the development of improved 
rootstocks. The ideal rootstock would be resistant to avocado root rot and other root diseases, 
tolerant of poor soils and saliníty and have a positive influence on the bearing capacity of the 
'Hass' avocado which accounts for the majority of commercial production in all countries . 
Additionally, in all countries there is renewed interest in high density plantings and canopy 
management to enhance production efficiencies. This means that another goal in rootstock and 
variety development in the future will be the development of Jess vigorous material that will be 
better adapted to these management schemes . 

The Riverside campus has hada long standing prograrn emphasiling rootstock development and 
the study of rootstock:varietal influences. The Plant Pathology department has been the leader in 
the development of rootstocks tolerant to avocado root rot. This prograrn is considered to be the 
preenúnent prograrn intemationally. In recent years, researchers in Chile and Mexico have also 
initiated research programs to identify and characterize rootstocks for enhanced performance. 
This research compliments the efforts tmderway at the Riverside campus . 

We are proposing to organize a research planning meeting in Chile with the intent to develop the 
educational and research capacity of insútutions srudying the avocado. We would like to hold 
the planning meeting in Chile since the cooperating institution, Pontificia Universidad Católica 
de V al paraíso, has several students now focused on avocado improvement. Professor Castro and 
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Ms. Fassio Ortiz recently received a multi-year grant from the Chilean govemment that ís 
focused on rootstock selection and improvement for the Chilean índustry (see cv of 
collaborators). A meeting in Chile, therefore, would allow California researchers to assess 
progress being made in that country in tenns of improved rootstocks and would allow us also to 
interact with students involved in that program . 

The overall goal of the meeting would be focused on discussing potential collaborative research 
as well as developing a graduate student exchange program between the cooperating instítutions . 
Collaboration in thís area would help to further our knowledge on avocado, basten the 
development of solutions to production problems and enhance graduate student experience. The 
meeting would include interactions with students working on avocados at the Pontificia 
Universidad Católica de Val paraíso and field visits to research plots . 

The project collaborators all have extensive experience in avocado. Dr. Arpaia has been the 
Cooperative Extension Specialist for subtropical fruit crops, íncluding avocado since 1983 . 
During this time she has conducted research on the response of avocado to salinity and 
participated ín rootstock screening trials. Sbe also currently oversees the avocado varietal 
improvement program for UC. Dr. Heath, has been conducting research with Dr. Arpaia that ís 
focused on understanding the response of the 'Hass' avocado to environmental stresses including 
water relations between the rootstock and scion. Dr. Douhan recently came to Riverside to 
oversee the avocado rootstock development program. Dr. Barrientos-Priego in Mexico is 
considered one of the world leading experts in avocado germplasm rescue and also conducts 
research examining the interaction of rootstock and scion in tenns of water relations and tree 
vigor. Our collaborators in Chile, Professor Castro and Ms. Fassio-Ortiz, oversee the rootstock 
program underway in Chile. Ms. Fassio-Ortiz recently completed a Master's degree in Chile 
focused on rootstock development and characterization of water relations between the roots1ock 
and scion. A portian of her research was undertaken on the ruverside campus under the 
direction of Drs. Heath and Arpaia (Summer 2005). Dr. Thorp from HortResearch ín New 
Zealand has extensive experience in avocado. His research emphasis has been to understand the 
growth habit of the avocado and the mechanisms of dwarfing. In recent years his research 
emphasis has shifted to training systems for ki\vifruit and apples. His understanding of 
production systems is crucial for the future development of management systems for avocados 
under high density planting schemes . 

Curriculum Vitae (See attached pages) 
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CURRICULUM VITAE 

Dept. of JJotany and Plcnl Sciences, University ofCalifomia, Riwrside, Riverside, CA 92521 
MallJng addte$S: UC Keamey Agricultura/ Center, 2940 S. Riverbend A\·e .. Parlitr, CA 91648, (559) 

646-6561; FAX: 559-646-6593, e-mail: arpaia@uckac.edu 

EDUCATlON: 
B. A. Botany 
M. S. Horticuhure 
Ph.D. Plant Physiology 

1975 
1980 
1985 

PROFESSIONA L EXPERJENCE: 

U ni versity of California, Berkeley, CA 
University of California, Davis, CA 
University of California, Da vis, CA 

Dept. of Botany and Plant Sdences, University of California, Riverslde, CA 92521 
1983-1988 Associate Extension Specialist, Subtropical Horticulture 
1988- present Extension Specialist, SubtropicaJ Horticulture 
Dudes: Development of extension and field research programs dealing wilh subtropical 
horticulture. Extension activities include farm advisor training and educationaJ outreach to the 
subtropical fruit industries of California Field researcb includes evaluation of preharvest and 
postharvest factors on subtropical crop productivity and fruit quality, including rootstock. 
cultivar, irrigation, pesticide, and nutrition management strategies . 

HONORS ANDA W AROS: 
• Non-Scnatc Distingllished Research Award for 1991-1992, Univcrsity of California, Riverside, CA 

• Co-Recipient, (with G. Witney, G. Bender, M. Freeman, B. Faber, C. Kallsen, N. Sakovich, N . 
O'ConneU and R. Neja) American Society for HorticuJtural Sciencc. Extension Education Aids 
Award. JuJy l995 for "Subtropical Fruit News" 

• Co-Rccipicnt, (with G. Bender, B, Faber, M. Freeman, C. Kallsen, N. Sakovich, N. O'Connell. P. 
Mauk) American Society of Agronomy, 1996 Educational Materials Cootest, Newsletter Category for 
"Subtropical Fruit News", November 1996 

• Co-Rocipient (with J. Morse, R. Metcalf and R. Rice), Recognitjon for Outstanding Service, February 
1997 (prcsented by the California Avocado Commission to the UC Ccnter for Exotic Pest Research.) 

• Co-.Rccipient, (with G. Bender, B, Faber, M. Freeman, C. Kallsen, N. Sakovich, N. O'Connell, P . 
Mauk) American Society of Agronomy, 1998 Educational Matcrials Contcst, Newslctter Category for 
"Subtropical Fruit News", October 1998 

• Rccipicnt, An Schroeder Memorial Award,. October 2001 (prcscntcd by the Califomia Av<Xado 
Commission, Production Research Comminee) 

• Rccipicnt, Citrus Rcsearch Board commendation for Servicc, JuJy 2002 

SELECTED PUBLICATIONS (LAST 5 YEARS): 
Arpaia, M. L. 2000. Enhancement of Avocado Productivity. l. Plam Improvemem - Se1ection and 

evalwuion of improved varieties and rootstocks. CaJif. Avocado Research Symposium. Oct. 14, 2000 . 
p. 7-16 . 

Fctscber, A. E., T. Davenport, S. Shafu, A. Dag, N. Waser, M. L. Arpaia, 2000. A review of avocado 
pollination and thc role of pollinizers. Subtropical Fnút News. 8(1-2): 21-25 . 

Arpaia, M. L., D. Boreham and R. Hofshi. 2001. Dcvelopment of a ncw mcthod for mcasuring mínimum 
m8lllrity ofavocados. California Av(X;ado Society 2001 Yca.rbook. 85:153-178 . 
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Arpaia, M. L., A. E. Fetscher, R. Hofshi. 2001. Avocado Flowering Basics. AvoResearch 1(2):4-5 . 
Dodds, J. A., d. Mathews, M. L. Arpaia, G. W. Witney. 2001. Recognizing Avocado Sunblotch Disease . 

AvoResearch. 1(3): 2 page lnsert. Oct. 2001. 
Crowley, D. E., W. Smith, B. Faber, M. L. A.rpaia. 2001. Trace Metal Nutrition of Avocado . 

AvoResearch 1(3):6-8, 12. Oct. 2001. 
Fetscher, A. E., R. Hofshi, N. Waser, M. L. Arpaia. 2001. Pollinizers and Po1linators - Do they make a 

difference? AvoResearch 1(2):1-2 . 
Mickelbart, M. V., R. Miller, S. Parry, M. L. Arpaia and R. Heath. 2001. Avocado 1eaf surface 

morpbo1ogy. California Avocado Society 2000 Yearbook. 84: 139-150. 
Oster, J.D., D. Stottlemyer and M.L. Arpaia. 2001. Production function method 1ogy describes the salinity 

effects on avocado yields and water use. Proc. 2001 California P1ant and Soil Conference, California 
Chapter of American Society of Agronomy and California Plant Health Association, Feb. 7 - 8, 200 l . 
Fresno Ca. p146 . 

White, A., A. Woolf and M. L. Arpaia. 2001. Long tenn storage of 'Hass' avocado usíng 1-MCP . 
Perishab1es Handling Quanerly. No. 108 (November 2001): 21 - 23. 

Liu, X , J. S. Sievert, M. L. Arpaia, and M. A. Madore. 2002. Postulated physiological roles of seven
carbon (C7) sugars, mannobeptulose and perseitol, in avocado. J. Am. Soc. Hort. Sci. 127(1):108-114 . 

Mickelbart, M. V. and M. L. Arpaia. 2002. Rootstock in.fluences changes in ion concentrations, growtb, 
and photosyntllesis of 'Hass' avocado trees in response to salinity. J. Am. Soc. Hort. Sci. 127( 4):649-
655 . 

Oster, J. D. a.nd M. L. Arpaia. 2002. Setting TMDL's for salinity and chloride based on tbeir effects on 
avocado (Hass) productivity. In: J. C. McGahan (ed.). Proceedíngs. Helping lrrigated Agriculture 
Adjust to TMDLs. Sacramento, California, October 23-26,2002. p. 241-252. US Coi11Illittee on 
lrrigation and Drainage, Denver, CO . 

Dag, A., A. E. Fetscher, O. Afik, Y. Yeselson, A.A. Scbaffer, Y. Kamer, N.M. Waser, M.A. Madore, M. L. 
Arpaia, R. Hofshi, and S. Shaflr. 2003. Honey bee (Apis mellifera) strains differ in avocado (Persea 
americana) nectar foraging preferences. Apidologie. 34(3):299-31 O . 

Woolf, A , C. Clark, E. Terander, V. Phetsomphou, R. Ho[shi, M. L. Arpaia, D. Boreham, M. Wong, and 
A. White. 2003. Measuring Avocado Maturity; Ongoing Developments. The Orchardist, May 2003, 
Vol 76(4): 40-45 . 

Arpaia, Mary Lu and John A. Menge. 2004. Mejoramiento de la productividad del palto. Mejoramiento 
de plantas: selección y evaluación de variedades y portaninjertos mejorados (Enhancement of avocado 
productiYity. (Plant improvement: selection and evaluation of improved varieties and rootstocks). In 
Proceedings of 2nd Seminario Internacional de Paltos, 29 September - 1 October, 2004, Sociedad 
Gardiazabal y Magdahl Ltda., Quillota, Chile. lO pages . 

Arpaia, M. L., D. Stottlemyer, L. Bates, W. Manor, K. Fjeld, J. Sievert, and E. Focht. 2004 . 
Enhancement of Avocado Productivity. Plant Improvement: Selection and Evaluation of Improved 
Varieties and Rootstocks. Proceedings of the California Avocado Research Symposium, October 30, 
2004. University ofCalifomía, Riverside. California Avocado Commission p. 9-23 . 

Heatb, R. L., M. L. Arpaia and M. V. Mickelbart. 2004. Avocado Tree Pbysiology - Underst:anding the 
Basis of Productivity. Proceedings of the California Avocado Research Symposium, October 30, 
2004. University ofCalifomía, Riverside. California Avocado Commission p. 65-88 . 

Woolf A. B .. C. L. Requejo, K. A Cox, R. C. Jackman, A Gunson, M. L. Arpaia, andA. White. 2005. 1-
MCP Reduces Physiological Storage Disorders of 'Hass' Avocados. Postharvest Biology and 
Tecbno1ogy. 35: 43-QO . 

Arpaia, M. L., G. S. Bender and G. W. Witney. 200_. Perfonnance of avocado clonal rootstocks under 
non-Phytophthora conditions. J. Am. Soc. Hort. Sci. (Manuscript in preparation) . 

Mickelbart, M. V., P. Robinson, X Liu, G. W. Wítney and M. L. Arpaia. 200_ . Development of a 
phenological model for ' Hass' avocado under southem California conditions. J. Am. Soc. Hort. Sci . 
(Manuscript in preparation) . 
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Educatlon 

Robert Louis Heath 
Department of Botany and P1arrt Sciences 

University of California 
Riverside, CA 92521-0124 U.S.A 

pbone: (909)-787-5925 
FAX: (909)-787-4437 

E-Mail: heath@citrus.ucr.edu 

B. Se. California Institute ofTechnology, Pasadena, California in Physics. ( 1961) 
M.Sc. University of Michigan, Ann Arbor, Mich.igan in Physics. (1963) 
Ph.D. Uní versity of California, Berkeley, California in Biophysics. (1 967) 

Research Exoerience 
Post-doctor Fellow at Brookhaven National Laboratory, Upton, New York with Geoffrey Hind 

( 1967-1969) 
Visiting Research Associate at University of California, Da vis, California with Al Tappe1 (1975-

76) 
Visit1ng Scientist at University ofYork. Heslington, York, U.K with Rache1 Leecb (1976) 
Visiting Professor at Shefield University , Shefield, York, U.K with David Walker, FRS (1981-

82) 
Visiting Professor at Lancaster University, Lancaster, Lancs., U.K with AJan Wellbum (1991-

92) 

Work Experlence 
At University of California, Riverside, CA 
Assistant Professor; Department of Life Sciences & of Biochemistry; Oct. 1%9 to june 

1973 
Associate Professor; Department ofBiology & of Biochernistry; July 1973 to June 1979 
Associate Dean, Student Affairs; College of Natural & Agricultural Sciences; July 1981 to 

September 1988 
Executive Associate Dean; College ofNatural & Agricultura! Sciences; September 1988 to June 

1990 
Associate Director; Statewide Air Pollution Research Center, July 1990 to Sept. 1992 
Professor: Depart.ment of Botany & Plant Sciences; July 1979 to present 

Selected Publlcatlons 
Heath, R L., R. M. S. Hurd, and M. A. Madore. 1990. A generalized photosynthetic r:10del for 

plant growth within a closed artificial environment. Soc. Automotive Eng. Paper No. 901331. 
14 p . 

Heath, R. L. 1991. A canopy model for plant growth within a growth charnber: mass and 
radiation balance for the above ground portion. Soc. Automotive Eng. SAE Paper No . 
911494. 14 p. {Al so published as: Heath, R. L. 1991. A canopy model for plant growth 
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within a growth chamber: mass and radiation balance for the above ground portion. Soc . 
Automotive Eng. Transactions-J. Aerospace. 14 p.} 

Guralnick, L. J. , R. L. Heath, G. Goldstein, and l. P. Ting. 1992. Fluorescence quenching in the 
varied photosynthetic modes of Portulacaria afra (L.) Jacq. Plant PhysioJ. 99: 1309-1313. 

Guzy, M. R., and R. L. H eath. 1993. Responses to ozone in comnton bean varieties. New 
Phytol. 124: 617-625 . 

Heath, R. L. 1994. Possible mechanisrns for the inlúbition of photosynlhesis by ozone . 
Photosyn. Res. 39: 439-451 . 

Heath, R L. 1994. Alteration of plant metabolism by ozone exposure, p. 121-146. In Alscher, 
R. andA. R. Wellburn (eds.), Plant Responses to the Gaseous Environment. Chapman and 
Hill, London . 

Ceccardi, T. L., R L. Heath, and l. P. Ting. 1995. Low-temperature exotherm measurement 
using infrared thermography. HortScience 30: 140-142 . 

Heath, R L. 1996. Lipid metabolism and oxidant air pollutants, p. 353-374. In Iqbal~ M. and 
M. Yunus (eds.), Plant Response to Air Pollution. Jobn Wiley & Sons, Chichester, UK 

Heath, R L. 1996. The modification of photosynthetic capacity induced by ozone exposure. In 
Baker, N. R. (ed.), Photosynthesis and the Environment. Advances in Photosynthesis Series, 
Kluwer Acad., Berlín, p. 409-433 . 

Heath, R. L. 1996. Oxidant induced alteration of carbohydrate production and a11ocation in 
p1ants. l.n Byterowicz, A., M.J. Arbaugh, S.L. Schiling (eds.), Proceedings of the 
Intemational Symposium on Air Pollution and Climate Change Effects on Forest Ecosystems . 
U.S. Dept. of Agríe., Forest Service, Washington, DC. General Technical Repon PSW-GTR-
166, p. 11 -18 . 

Briggs, W. R., R L. Heath, R L. andE. M. Tobin (eds.). 1996. Regulation of Plant Growth and 
Development by Light. Proc. 18th Ann. Symp. Plant Physiol., January 18-20, 1996. Amer . 
Soc. Plant Physiol., Rockville, MD. (Dr. Heath organized the meeting; Drs. Heath, Briggs, 
and Tobin edited the manuscripts.) 

Sandermann, H., A. R. Wellbum, and R. L. Heath. 1997. Forest decline and ozone: synopsis. In 
Sanderrnann, H., A. R. Wellbum, and R. L. Heath (eds.), Forest Decline and Ozone: A 
Comparison of Controlled Chamber and Field Experiments. Springer Verlag, Heidelberg, 
Gerrnany. Pp 369-378 . 

Heath, R. L. and G. E. Taylor, Jr. 1997. Physiological processes and plant responses to ozone 
exposure. In Sandermann, H. , A. R. Wellbum, and R. L. Heath (eds.), Forest Decline and 
Ozone: A Comparison of Controlled Chamber and Field Experiments. Springer V erlag, 
Heidelberg, Gcnnany. P. 317-368 . 

Sandermann, H., A R. Wellbum, and R. L. Heath (eds.). 1997. Forest Decline and Ozone: A 
Comparison of Controlled Chamber and Field Experiments. Ecological Studies No. 127 . 
Springer Verlag, Heidelberg, Germany, 400 pp. (Dr. Heath organized U.S. authors, edited 
original manuscripts, and helped proof galleys 

Heath, R L. 1999. Biochemical processes in an ecosystem: how should they be measured? 
Water, Air, and Soil Pollution 116: 279-298 . 

Mickelbart, M. V., R. Miller, S. Parry, M. L. Arpaia and R Heath. 200 l . Avocado leaf surface 
morphology. California Avocado Society 2000 Yearbook. 84: 139-150 . 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Education 

Greg W. Douhan 
Department of Plant Pathology 

University of California 
Riverside, CA 92521 

951-827-4130 
gdouhan@ucr.edu 

Pb.D., Plant Pathology, May 20lH. Washington State University, Pullman, WA . 
M.S., Plant Patbology, May 1998. Washington S tate University, Pullman, W A 
B.S., Bot.any and Bioloc, M ay 1995. Humboldt S tate University, Arcata, CA . 

Anpointmeuts 

Assistant .Professor, University of California. Riverside, CA ('7/2005- present) 
Post Doctor·al Associate, University of California, Davis, Ca (6/2001-6/2005) 

Teadüng Experience 

Instructor; General Mycology. University ofCalifom1a, Davis, CA (Fall Quarter, 2002) 
Teacbing Assistant. Washington S tate University, Pullman, W A (8/ 1996-1999) 
Foray Le.ader. University of Idaho Community Eorichment Program (Spring and Fall, 1996-
2000) 

Conferences 
Arthur M. Sackler Colloquia of the National Academy of Sciences, 2004. lrvine, CA 
Ecological Society of America, 2004. Ponland, OR. lnvited speaker 
Mycological Society of America (MSA), 2004. Asheville, Nonh Carolina. Oral presentation 
lntemational Congress of Mycorrhizae 4, 2003. Montreal, Canada Oral presentation 
MSA, 2003. Alsilomar, CA Oral presentation/poster 
MSA, 2002. Corvallis, OR. Oral presentations/poster 
American Phytopathological Society (APS) and MSA, 2001. Salt Lake City, UT. Oral 
presentation 
APS National Meeting, 2000. New Orleans, LA Oral presentation 
APS Society Pacific Division Meeting, 1999. Riverside, CA Oral presentation 
APS Pacific Oivision Meeting, 199'7. Fort Collins, CO. Oral presentation 

Honors 
First place: student paper comperition, APS Pacific Division Meeting, 1999. Riverside, CA 
Second place: student paper competition, APS Pacific Division Meeting, 1997. Fort Collins, CO . 
Travel grant awarded from Washington State University Gradua1e School. Summer 1997 . 
Scholarship from the Lake Okaboji Environmental Agency to conduct independent 
undergraduate research at the Jowa Lakeside Laboratory. Summer 1994. University oflowa, lA . 
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Publicarions 

Douhan, G. W. and Rizzo, D. M. 2005. Pllylogenetic dwergence m a local population of the 
ectomycorrhizal fungus Cenococcum geophllum. New Phytologist 166: 263-271 

Douhan, G. W., Peterson, C., B1edsoe, C., and Rizzo, D. M. 2005. Contrasting root associated 
fungi ofthrce common oak-woodland plant species based on molecular idenrification: host 
specilicity or non-specific amplification? Mycorrhiza 15: 365-372 

Bergemann, S. E., Douhan, G. W., Garbelotto, M., and Miller, S. L. 2005. No evidence of 
popu1ation structure across three sub-populations of Russula brevipes in an oaklpine woodland in 
the westem Sierra region isolated by distances of230- 1090 m. New Phytologist (in press) 

Caswell·Chen, E. P., Chen, J., Lewis, E. E., Douhan, G. W., and Carey, J. R. 2005. Revising the 
standard wisdom of C. elegans natural history: ecology of 1ongevity. SAGE KE 40: 30 

Kerrigan, J. L., Smith, M. T., Rogers, J. D. Poot, G. A. and Douhao, G. W. 2003 . 
Ascobotryozyma cognata, a new ascomycetous yeast species associated with nematodes from 
wood-boring beetle ga11eries. Mycological Research 107: l llü-1120 

Douhan, G. W. and Rizzo, D. M. 2003. Host-parasite relationships arnong bolete infecting 
Hypomyces species. Mycological Research L07: 1342-1349 

Douhan. G. W. and Rizzo, D. M. 2003. Amplified Fragmem Length Microsatellites (AFLM): A 
method to de\elop microsatellite markers in organisms w1th limited amounts ofDNA applied to 
Arbuscular Mycorrhizal (AM) fungi. Myco1ogia 95: 368-373 (Erratum 96: 196) 

Douhan, G. W., Murray, T. D., and Dyer, P. S. 2003. Genetic structure of Tapesiaacuformis in 
Washington, USA. Phytopathology 93:650-656 

Douhan, G. W., Murray, T. D., and Dyer, P. S. 2002. Species and mating-type distribution of 
Tapes/a yal/undae and Tapesia acujormis and occurrence of apothecia in the U.S. Pacific 
Northwest. Phytopathology 92:703-709 

Douhan, G. W., Peever, T. L., and Murray, T. D. 2002. MuJít1ocus population structure of 
Tapes/a yallundae in Washington State. Molecular Eco1ogy 11 : 2229-2239 

Douhan, G.W. and Murray, T. D. 2001. Infection ofwinter wheat by a 6 - Glucuronidase 
Lransfonned isolate of Cephalosporium gramineum. Phytopathology 91 :232-239 

Dyer, P. S., Fumeaux, P. A , Douhan, G. W., and Murray, T. D. 2001. A multiplex PCR test for 
determjnation of mating-type applied to the p1ant pathogens Tapes/a yaflu.ndae and Tapesia 
acujormls. Flllgal Genetics and Biology 33:173-180 
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CUITiculum vitae 

Alejandro F. Barrientos-Priego 

Gender: MaJe 
Status: Married 
R.F.C: BAPA-6ll201UU2 
Professional IDE: Num. 1171415 
Birth date: December l, 1961 
Maximum studies : Doctorado en Ciencias- Fisiología Vegetal 
Home Address: Oyamel 1 O, San Miguel Tlaixpan, Texcoco, Edo. de México. C.P. 56240. TEL. (595) 
952-70-18 
Office: TEL . (595) 9521569 and FAX (595) 952-1 5-69 
E-mail. : abarrien@gmail.com and abarrien@correo.chapingo.rnx 

Description: Professor and Researcher C-2 full time of the DEPARTAMENTO DE FITOTECNIA, 
UNIVERSIDAD AUTÓNOMA CHAPlNGO. Km 38.5 CARRETERA MÉXICO-CHAPlNGO, 
CHAP1NGO, EOO. DE MÉXICO. C.P. 56230 

Resear·cb area: new cultivars and rootstocks of avocado, physiology of fruit crops, avocado genetic 
resources, plant propagation and general fruit crop rnanagement. 

Coordinatioo of groups: 

Coordinator of the Avocado Network for Avocado Genetic Resources of the National Plant Genetic 
Resources System (SJNAREFI), SNICS-DGVDT-SAGARPA, México, since 2004 . 
Chairman del Technical Working Party for Fruit Crops de la JNTERNATIONAL UNION FOR THE 
PROTECTION OF NEW V ARIETIES OF PLANTS (UPOV), since September 2005 . 

Coordioation of lotemational Documents: 

Avocado Descriptor for IPGRI. 
Test Guidelines for Avocado of UPOV 

Rec:ognirioo as a National Researcber 

Investigador Nacional Nivel I (Level I Researcher)~ Sistema Nacional de Investigadores (Nacional 
Researcher System SNI-SEP CONACYT- 2004- 2008), México . 

Participation in Tbesis Committees 
Bachelor Thesis: 44 
Master in Science Thesis: 6 
Ph. D. Thesis: 5 
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Congress Participations: 29 

Papers in Congress Proceedings: 11 

Abstracts in Congress: 40 

Paper in Journals: 55 • 

Sorne Rele\'ant Publications of tbe Area: 

l. BAR.RlENTOS P., A. F.; M. W. BORYS; AND F. BARRJENTOS P. 1986. ROOTING OF AVOCADO 
CUTIINGS (PERSEA AMERJCANA MILL.) CVS. FUERTE AND COLÍN V-33. CALIFORNlA 
AVOCADO SOCIETY YEARBOOK 70: 157-165 . 

2. LOPEZ J., A. ANDA. BARRJENTOS P. 1987. SELECTION OF DWARFING ROOTSTOCKS OF 
AVOCADO (PERSEA AMERICANA MILL.). l. STUDIES OF BARK:XYLEM RELATIONSHIP IN 
TRUNKS OF CV. COLÍN V -33 SEEDLINGS. CALIFORNlA AVOCADO SOCIETY YEARBOOK 71 : 
225-234 . 

3. .BARRJENTOS PRJEGO, A. F.; .BARRIENTOS PEREZ, F.; SANCHEZ COLÍN, S.; Y J. J. AGUJLAR 
MELCHOR. 1991. UTILIZACION DEL HUERTO-VIVERO PARA REDUCIR LA FASE JUVENIL DE 
PLÁNTULAS DE AGUACATE (PERSEA AMERICANA MILL.). PROC. INTERAMERICAN SOCIETY 
FOR TROPICAL HORTICUL TURE 35: 18-22. 

4. ALEJANDRO F. BARRIENTOS PRIEGO; A VRAHAM D. BEN-Y A'ACOV; LUIS LÓPEZ LÓPEZ; 
GEBHARD BUFLER; MICHAL W. BORYS. 1995 DESCRIPTORS FOR AVOCADO (PERSEA 
AMERICANA MILL.). lNTERNAClONAL PLANT GENETIC RESOURCES INSTITIJTE (IPGRI-FAO), 
ROME, ITALY. 52 P . 

5. ALEJANDRO F. BARRIENTOS-PRJEGO; LUIS LÓPEZ-LÓPEZ. 2000. HISTORIA Y GENÉTICA DEL 
AGUACATE., PP. 19-31. IN: EL AGUACATE Y SU MANEJO INTEGRADO. D. TÉLIZ, H. 
GONZÁLEZ, J. RODRÍGUEZ, R. DROMUNDO (EDS.). MUNDI-PRENSA MÉXICO, S.A. DE C.V. D.F., 
MÉXJCO . 

6. ALEJANDRO F. BARRIENTOS-PRIEOO, RODOLFO MUÑOZ-PÉREZ; MlCHAL W. BORYS; MA. 
TERESA MARTÍNEZ-DAMIÁN. 2000. CULTIVARES Y PORTAINJERTOS DEL AGUACATE., PP . 
35-54. IN: EL AGUACATE Y SU MANEJO INTEGRADO. D. TÉLIZ, H. GONZÁLEZ, J. RODRÍGUEZ, 
R. DROMUNDO (EDS.). MUNDI-PRENSA MÉXICO, S.A. DE C.V. D.F., MÉXICO . 

7. REYES-SANTAMARÍA, 1. ; TERRAZAS, T.; BARRJENTOS-PRIEGO, A.F. ; AND TREJO, C. 2002 . 
XYLEM CONDUCTIVITY AND VULNERABILITY IN CUL TN ARS AND R.ACES OF AVOCADO . 
SCIENTIA HORTICULTURAE 92(2): 97-105 . 

8. BARRIENTOS-PRIEGO, A. F.; BORYS, M.W.¡ TREJO, C.; LÓPEZ-LÓPEZ, L. 2003. ÍNDICE Y 
DENSIDAD ESTOMÁTICA FOLIAR EN PLANTULAS DE TRES RAZAS DE AGUACATERO . 
REVISTA FITOTECNIA MEXICANA 26(4): 285-290. 

9. ANDRÉS-AGUSTÍN, J.;· NIETO-ÁNGEL, A.; BARRJENTOS-PRIEGO, A F.; MARTÍNEZ-DAMIÁN, 
M. T.; GONZÁLEZ-ANDRÉS, F.; SEGURA-LEDESMA, S. D.; CRUZ-CASTILLO, J .G .; GALLEGOS
VÁZQUEZ, C. 2004. MORFOMETRÍA DE HOJA DEL CHlRIMOYO PARA DIFERENCIAR 
SELECCIONES Y CULTIVARES. REVISTA CHAPINGO SERIE HORTICULTURA 10(2): 103-110 . 

10. NUNEZ-COLÍN, C. A.; RODRÍGUEZ-PÉREZ, J. E.; NIETO-ÁNGEL, R.; BARRIENTOS-PRIEGO, A. F. 
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Significant outcomes from this research ha ve been the wide scale adoption of new pruning systems for 
kiwifruit and avocado; development of quantitative models of avocado tree growth to support orchard 
management decisions; characterisation of plant effects on fruit mineral composition and the 
susceptibility of kiwifruit and avocado to storage disorders; characterisation of rootstock responses in 
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