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AVOCADO BREEDING AND SELECTION

B. O. Bergh'

So far, successful avocado breeding has been primitive (2, 4). The leading cuitivars
around the world onginated as chance seedlings-not even the female parent is known.
This seems likely to change in the years ahead since procedures involving the known
parentage of both sex cells are now available and are considerably more efficient.
The use of such procedures is likely 1o markedly increase the chances for obtaining
superior new cultivars by breeding.

The Flower and lts Behavior

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

Flower Structure

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 pelals (often brightly colored) are almost identical. There are 3 of each, altemating.
about 5 mm long, pale or greenish-yellow.

The stamens are 9 in number, arranged in an outer circle of 6 and an inner circle of
3. The inner 3 have a basal par of neclar-secreting "nectanes" and alternate with 3
nectar-secreting "staminodes”. Each stamen has 4 pollen sacs which release the
mature pollen through valves hinged at the top. The pistil is in the center of the
flower. It has an enlarged tip (stigma) on which the pollen germinates, then grows
down through the long, slender style to reach and fertiize the egq inside the
enlarged base (ovary). The fertilized ovary grows into the distinctive, delicately-
flavored fruit prized arcund the world as the avocado.

The flowers are grouped in compound inflorescences of a few to several hundred
flowers each. Unlike some plants, the avocado cannot possibly produce a fruit
from each flower. In fact, if as few as/ 1% of‘;he flowers mature fruit, the crop may
siill be too heavy for the tree.

Flower Funchion

Each normal avocado flower has both male and female organs. Most such plant
species readily self-pollinate, i.e., pollen from a givern flower can fertilize the egg
of that flower. However, the avocado flower performs in such a way that self-
pollination 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 maie one part
of the day and functionally female another part of the day.
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Femeale flower. The first time an avocado flower opens, the pistil is alone in the
center, with the stamens and other flower parts close together at an angie of 45° or
more away from the pistil (Fig. 1). The stigma is then receptive to pollen so that the
egg can be fertilized. The flower is female in function but it is not functionally male
since the stamen valves remain tightly shut and no polien is or can be shed. The
flower remains open in this femate 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 iast time on the next day, but it
is then functionally male, as the stamen valves open and pollen is released (Fig.
1). The stigma is commonly discolored or withered and is no longer receptive, so
that the flower can no longer function as female. The flower remains open in this
male stage for several hours, then closes again, permanently.

A and B flower types. Nearly all avocado cultivars (and seediings) fall clearly into 1
of 2 contrasted 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 male 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 first open in the afternoon, perhaps 1 to 4
PM. The second opening is the following morning, perhaps 8 AM o 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-poltination wilt 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 male and female stages reversed.

Consequences of Avocado Flower Behavior

Cross-pollination; is the inevitable result of the flower functioning described above.
In our examples, 'Fuerte' is functionally male, ie., is shedding pollen over the
entire period that 'Hass' is functionally female, i.e., its pistils are receptive and must
be poilinated 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 lines 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 genetlic variability.



Self-poliination. Our analysis of flower functioning showed self-pollination to be
difficult, but it is by no means impossible. Although self-poliination within a flower
practically never occurs, pollination among flowers of a single cultivar occurs more
readily. There is a little 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 internal 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 some
flowers more than others. It 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 ssason of
maturity or ecological adaptation. Indeed, 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 Indian races. The major cultivars being grown
in Califomnia, Israel, South Africa, Australia and similar iess tropical climates 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 major disadvantages when compared with seifing: 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 ¢onsiderable 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. Selfing has_proven 10 be generally much more efficient, as seedlings
can be obtained from isolated or buffered trees at a €ost no higher than that of the
fruits. } T

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 Galifornia program. Not 1 commercial cultivar has resulted from all
this 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
sirnilar regions.

'Hass', on the other hand, has proven {0 be an exceptionally good parent (8). Its
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
considered to ment commercial testing by the third selfed generation—a remarkable 6-
fokl increase over the impressive first generation of 'Hass' selfs. Unfortunately, whiie
larger fruit 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 currentlty no way to
differentiate those that are going to make it. However, methods for increasing the



success proportion will be suggested in a later section. Avocado polien is not
collectable by the usual suction methods. Fiowers in the male stage may be picked off
and the pollen clumps daubed onto female-stage stigmas directly or a fingernail 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 farge
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 considerably earlier
indoors, one can hybndize lines with discrete 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 shouid let in as much light as possible. Sleeves can
also be used to protect the male parent's polien from bees.

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

Hybridization by Bees {(or Other Pollinating Insects)

Seedlings produced here will probably be both seifs 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
hybrids—at least in the fruiting stage. Hybrids produced by insects ceost a tiny fraction
of those produced by hand. The honeybee accounts for the majority of avocados set
in California but other insects apparently predominate in more tropical areas.

In field cages. These can be made longer in order to include 2 adjoining trees that
one wishes to hybridize or there may be oniy 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. Indeed, it can be as simple as
harvesting the fruits from adjoining branches of 2 desired parents in the fieid. 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
100 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 maie-female overlap
by treating part of the tree or a second tree differently. such as by shading or by
reflected light or heat. In the absence of bees, pollen would be more likely to
hang on the valves into the next female-flower opening. The flower could be



protected in greenhouse, sieeve or ¢cage, as in the case of hybridizing.
Selfing Technigques by insects

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 forced open flowers that were near enough to maturity to
function sexually.

isolated 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 seifed. Out-crossing should be practically nil with 100 m or more
isolating distance.

Maximizing the Breeding Set
General Procedures to Increase 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 intreduced into highly productive lines by
using their light-bearing carriers as the maie parent. In selfing, it may be
necessary to use lines with less fruit set in hope that better setters wili
segregate out with other virtues intact or that more genetically uniform fines for
use as male parents as described above will be obtained.

The productive ("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. If the natural
paftern of aiternation 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. It 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 principles and practices of
horticulture, 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 arc in stress situations.

Maximum light availability is important to maximize avocado fruit set. Southern
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 from pollinating insects. Increased cooling
capacity in the greenhouse may be a good investment to permit less roof shading.

Girdling often increases 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 major cost undertaking such as in hand hybridization.

Specific Means to Increase Seed Yield in Hybridization

Different large-scale hand-hybridizing 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 order of magnitude is made-possibie 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 pisti. Cold weather may inhibit proper sex cel
functioning. A climate (like California’s) that is generally cooter 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 via 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 defective ovules (18) and other probiems will reduce the theoreticai
set. It 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 involved.

Poliinate at the first opening only. Occasiona! stigmas look fresh and receptive at
the second {male) flower opening, but no second-day pollination has proved
successful, to my knowledge—the stigma may be less receptive than it looks, or
the internal egg apparatus may be degenerating.

Never pollinate an abnormal pistil. A considerable proportion of the female organs are
deformed or otherwise aberant to varying degrees. Some stigmas are darkened 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.
Instead 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.



Breeding Objactives

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

Table 1. Avocado breeding objectives.

Fruit quality

bMadium size Thick ovaie shape

Uniformity Pulp

Skin Proper softening
Medium thickness Appalizing color
Readily peelabie Absenca of fibers
Insect, disease resistance Pleasing flavor
Free from blemishes Long shelf life
Attractive color Slow oxidation

Long tree storage Chilling tolerance

Seed High oil content
Small High nutritional value

Tight in its cavity

Shoot qualities

Spreading habit Tolerant of chlorosis

Easy to propagate Tolerant of other stresses
Strong grower Short fruit maturation period
Tolerant of pests and diseases Precocious

Tolerant of wind Reguiar bearing

Tolerant of cold Wide adaptability

Toleranl of heat Heavy bearer

Tolerant of salinity

Rootstock qualities

Conducive to high quality fruit Easily grafted

Conducive to healthy, productive Tolerant to Fhyfophthora and other
treas organisms

Free from sun-blotch Tolerant of salinity

Dwarfing or sami-dwarfing Tolerant of chigrosis

Genatically uniform Tolerant of drought

Hardy and vigorous Tolerant of other adverse goil

Eesily propagated conditions

Fruit Qualities

Medium size. The markets in which most California avocados are sold prefer a size
about 2680 g. The optimum range might be 200-300 g (Jack Shepherd, private
communication). Israel's European markets like a slightly larger fruit (5). The
markets for fruits grown in more tropical regions where the West Indian race is



adapted have come to favor considerably larger fruit size. The breeder will need to
give careful consideration to present and potential size preferences of the markets
for which he is breeding.

Thick ovate shape. Whiie 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 cuitivars 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 vanation increases marketing problems. Seedlings and
cultivars vary in the degree to which shape is altered by climatic differences and to
which size is aitered 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 detection of ripeness difficuit 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 haif-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 o pests and diseases. These problems vary greatly in severity among the
world avocado-growing regions, soO the breeder's concerns wili vary accordingly. A
thicker fruit skin is desirabie where fruit fiies are a problem. | @0 not know of reported
genelic differences in resistance to other fruit insects. Fungal diseases are of little
concem in Califomia but they are a serious consideration in more tropica! 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
varies widely at different locations and in different breeding lines {17).

Affractive 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 some
markets, dark fruit is preferred. Apart from actual color, or skin blemishes, general
attractiveness varies 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 eary-maturing
cultivar with an exceptionally long storage period; unfortunately, for other reasons,



it is an inferior parent. 'Hass' passes ils long storability on to a high proportion of its
seediings.

Small seed. Cost per edible portion is a frequent criticism of the avocado (11, 15).
Seed proportion of total fruit weight varies markedly, but has high heritability in some
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 compietely fill its cavity. Moreover, the outer coat of
loose seeds will often adhere to the flesh, thereby wasting edible flesh and the
consumer’s ime,

Proper flesh softening. The entire flesh should soften simultaneously. In some regions,
especially late in the season, ‘Fuerte’ and other partly Mexican-race cultivars have
problems with this (Shmuel Gazit, private communication). A seediing with a marked
degree of this weakness should probably be discarded.

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

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

Pleasing favor. 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 t0 ripen. Ripe avocados deteriorate
much more rapidly at room temperature. 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.

Slow oxidation. This is another aspect of keeping quality. Cut surfaces of most
avocados discolor rapidly-— often within minutes. The lIsraeli cultivar ‘Horshim’
maintains a fresh appearance much longer. | have seedlings that do not discolor
noticeably for several hours.

Chilling tolerance. A final aspect of keeping ability, this refers to proper softening,
without flesh browning, following prolonged cold storage. 'Hass' is ouistanding and
‘Nabal' nearly as good; most West Indian lines and many lines denved from the other
2 races tolerate chilling poorly. 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 8% minimum fimit
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 values. Higher oil content usually means higher calorie count—which



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 vitamin content are independent of
oil level (10).

Shoot (Tree) Qualities

Spreading tree habit. Tall trees are more difficult 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-uniting 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 serious drawback.

Tolerant of pes!s and diseases. These tolerances have so far been a minor
consideration in California, but are important in some avocado-growing regions.

Tolerant of wind. Wind resistance is advanced by stronger wood and wider crotches
in addition to a low, spreading habit as noted above. Strong crotches also minimize
limb breakage from heavy fruit set.

Tolerant of cold. 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 some
variation in cold tolerance within each horticultural race and wide variation among
the races. West Indians may be injured even above freezing while Mexicans may
tolerate negative 9°F or more of frost. Knight (12) has used artificial freezing tests in
avocado breeding, as have other Florida researchers.

Tolerant of heat In California, Mexican-race lines have appeared somewhat more hardy
to heat than most Guatemalan lines. The West Indian race toierates much heat
where the humidity is consistently high.

Tolerant of salinify. The rootstock is more important limn the scion in this regard, but
the superiority of the West Indian race as stock has been observed also in racial
compansons of the lops (8).

Tolerant of chiorosis. The rootstock is the major determinant, but, differences in
susceptibility have been observed 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 environmentat
stresses,

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

Precocious. This aspect of productiveness is important in order to permit an early
return on investment. Moreover, earliness and heaviness of fruit yield are parily
comrelated.



Regular bearing. Perhaps all California cultivars tend to alternate in the amount of
fruit set year after year, but they do so to markedly different degrees. Aitemation on
a regional basis (e.g., 'Fuerte') is especially serious because of the added marketing
probiems that resu't 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.

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

Heavy bearer. If this virtue is present, many other weaknesses may be tolerable. If it is
absent, all other virtues may be futile.
Rootstock Qualities

Conducive to high-quality fruit. Differential rootstock effects are known in other fruits.
Careful study may identify such in the avocado.

Conducive !o heafthy, productive trees. Major root-stock effects on scion
performance have been identified by Ben-Ya'acov in Israel and complex rootstock-
scion interactions aiso 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 Indian ‘Waldin' cultivar are proving inferior for
California's relatively cool winter soils.

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

Dwarfing (or Semi-Dwaming). Mexican-race lines have a somewhat dwarfing effect
which has not been observed to increase the tree precocity or productivity but
has produced trees somewhat tess 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 contributes to variable scion
performance to an unknown but probabiy substantial degree. Gomplete uniformity can
be achieved only by asexual propagation or, theoretically, by doubting the
chromosomes of a haploid. Helpful approaches to uniformity shouid be possible by
repeated self-fertilization.

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

Easily propagated. This refers to the ease with which the rootstack itself can be
multiplied. A conflict arises with the desired quality of genetiC uniformity noted above,
as clonal stocks are the only way to achieve uniformity within a reasonable time, but



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

Tolerant of Phytophthora and other organisms. For Califomia and some other avocado
regions, Phytophthora resistance is the paramount rootstock desideratum. Several
ines with some resistance are known, but none has enough resistance to be a
commercial solution. Resisiance to nematodes and other harmful s¢il 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 transiocate 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 Indian seedlings for
this reason—but with subsequent problems as noted above. Guatemalan Stocks
average supernor to Mexican, but there is vanation within both races.

Tolerant of chiorosis. Iron chlorosis can injure or even kill trees (5) under conditions of
high lime content, or of other s0il conditions that provide sub-optimal rootstock
functioning. Again, West Indian stocks are most resistant; Guatemalans are most
susceptible.

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

Tolerant of other adverse soif conditions. 'lrving' seedlings have proven especially
inefficient in extracting nitrogen from the soil (my unpublished data). Differences in
tolerance of diverse soil limitations may prove to be common when critical 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 afiernoon (A
type) or, conversely, the open flowers are femaie-receptive in the afterncon and
shedding pollen in the morning (B type). This makes cultivar seif-pollination
usually rare. Cross-pollination of 2 A or 2 B cultivars s also difficult, aithough 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



of the seedling variability needed for selection of superior cultivars. Self-
fertilization is the indicated avocado breeding approach, since it provides the least
expensive seediings and it effectively tests the breeding worth of a parent.
Nevertheless, for some breeding and especiaily for subseqguent breeding,
hybndization may be desirabie.

Hybridization 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 witl 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
tfrees in the best focation and giving them the best care. The tree should receive
maximum light. Girdling may markedly increase the number of fruits. Some
additional ways to increase the yield of hybrid seedlings are to pollinate during
optimum weather, poliinate few flowers per cluster, poliinate the first or female
opening only, avoid any abnormal pistil and avoid late afternoon pollination.

Breeding objectives for the fruit inciude: 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
uniformiy, has an appetizing color, 2 minimum of objectionable fibers, long shelf
life, siow discoloration when cut, tolerance of chilling 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 yieider.

Rootstock qualities to aim for include: promoting quality fruit on productive trees;
freedom from sun-blotch; dwarfing; uniformity; hardiness and vigor, easy
propagation and graftability; tolerance of Phyfophthora, salinity, chlorosis,
drought and other adverse conditions.

Literature Cited

1. Ben-Ya'acov, A. 1976. Avocado rootstock-scion relationships: a long-term, targe-
scale research project. V. Final report on some orchards planted during the years



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

1960-1964. Calif. Avoc. Soc. Yrbk. 59:122-133.

Bergh, B. O. 1969. Avocado. /n. Outlines of perennial crop breeding in the
tropics, F. P. Ferwerda and F. Wit, ed. Wageningen, Nethertands, p. 23-48.

1874. The remarkable avocado fiower. Calif Avoc. Soc. Yrbk.

57-40-41.

1975. Avocados. /n: Advances in fruit breeding, J. Janick and J.

N. Moore, ed. Purdue Univ. Press, West Lafayette, IN. p. 541-567.

. 1975. Avocado research in Israel. Calif Avoc. Soc. Yrbk. 58:103-
126.

and R. H. Whitsell. 1974. Self-pollinated 'Hass' seedlings. Calif.
Avoc. Soc. Yrbk. 57.118-128.

and . 1975. Self-pollinated 'Fuerte' seedlings. Calif
Avoc. Soc. Yrbk. 58:128-134.

Coit, J. E. 1957. Avocado varieties. Calif. Avoc. Soc. Yrbk. 41:37-42.

Cooper, W. C., A Peynado, N. Maxwell and G. Otey. 1957. Salt tolerance and
cold-hardiness tests on avocado trees. J. Rio Grande Valley Hort. Soc. 11:67-
74.

Hall, P, J. G. Moore and A. F. Morgan. 1956. B vitamin content of avocados.
Calif. Agr. 10(11); 13-14,

Hochstim, E. S. 1958. Homemakers appraise citrus products, avocados, dates
and raisins. U.S.D.A. Agr. Res. Rept. 243. 33p.

Knight, R. J., Jr. 1874. The potentiai of coid-tclerant avocado introductions in
breeding for enhanced winter hardiness. Proc. Fla. State Hort. Soc. 87:348-353.

Krezdorn, A. H. 1975. An expanded variety improvement program. Proc. Fla.
State Hort. Soc. 88:460-462.

Lahav, E., B. Gefen and D Zamet. 1972. The effect of girdling on fruit quality,
phenology, and mineral analysis of the avocado tree. Calif. Avoc. Soc: Yrbk.
55:162-168.

Maniey, W.T. and M. R. Godwin. 1962. The consumer market for Florida
avocados. Fla. Agr. Expt. Sta. Bul. 825, 54p.

Ruehle, G. D. 1963. The Florida avocado industry. Fla. Agr. Expt, Sta. Bul. 602.
102p.

Storey, W. B., B. O. Bergh and R. H. Whitselll. 1874, Factors affecting the
marketability of avocado fruit. Calif. Avoc. Soc. Yrbk. 57:33-38.

Tomer, E., M. Gottreich and S. Gazit. 1976. Defective ovules in avocado
cultivars. J. Amer. Soc. Hort, Sci 101:620-623.

Williams, F. W., D. L. Brocke and W. B. Riggan. 1962. The effect of price
variation, skin blemish and firmness on retail sales of Florida avocados. Fla.
Agr. Expt. Sta. Bul. 645. 38p.




T Asrr, Soc Horr Son [ 2806 0S8 880, 3002,

Evaluation of Avocado Germplasm Using
Microsatellite Markers

E.J. Schnell, ).5. Brown, C.T. Olanu, E.J. Power, and A, Krol
Nawtional Germpasm Repository, US. Deparmient of Agriculiure, Agriculiural Research Service, 13601
Old Cutler Road, Miami, FL 33158

D.N. Kuhn
Department of Biological Sciences, Florida Internanional Universire, Miini, L 33190

J.C. Motamayor
Muasterfoods Inc., US. Department of Agriciduee, Agricultrral Research Service, 13600 Obd Catder
Roud, Miami, FI.33158

ADDITIUN AT INDEX WORDN, Persed americana, horticultural rices. siniple sequence repeal. molecular marker. genetic divet
sity, germplasm collection management

Awsstracr. Three horlicultural races of avocado (Perxea americara Mill.) are known: Gualemalan, Mexican, and Wesl
Indian. Each race has unique characleristics and current commercial varictics have been selected fromr within theraces
or from interracial hybrids. Using 14 microsatellite loci we invesligated the genetic variation among 224 accessions
139 plants) maintained at the Nadonal Germplasm Reposilory (NGR) in Miami, Fla., and & sct of M clones from the
University of California Seuth Coast Field Station {SCFS) located in Irvine, Calil. The 14 microsatellite loci had an
averapge of 18R alleles per locus and average unbiased genetic diversity was (L83, The total propagation error in the
vollectivn, ke, planis that had becn incorrectly labeled or grafted, was estimated 1o he 7.0%. Although many wnique
alleles did exist. no uselul race-specific markers were found. A general concordance between the horticultural race and
the chusiers ohtajned (rom molecutar data was observud. Principal Coordinate Analysis(1’CA) grouped the (Guatemalan
and Mleaican races into two distinet clusters. The ¥West Indian akso grouped Inte o unigue major ¢luster buat with an
sutlying group. Using the PCA o change in the racial desipnation or interracial by brid status for 50 accessions (14.7 % )
is proposed. The unhiused pene diversity estimate was highest in the Mexican and Guatemalan races and lower in the
West Indian group. This demonsirates the need to collecd more of the ¥Yest Indian germplasm (o broaden the genctic
diversity and to emphasize 1be identification of individuals conferring resistance to Phytophthora Root Rat {PRR).

e avocado (Persea timericana MilL) 15 an evergreen sub-
tiopical tree that is native from Mexicoto northern South America
aid produces a froit that s unigue and natritious. This fruin win
known by the Aztees axy uhuacacuauhitl, which was later shortencd
by the Spaniards to aguacate. In the United States avocada was
mtroduced into Florda in 1833, California in [848 and to Hawaii
by [HA5 (Nukasone aidd Fanlt, 1998). Major commercial produe-
non of avocado in the United States is limited to Califomia and
Florida. In 2000, global production exceeded 2.4 MMT and the
mayor producery were Mexico, Indenesia. South Africa and the
United Stales (Anonymois, 20010,

B enneniconahasbeen subdivided into three horticultural groups:
Mexican [P americana var. drynifolia {Schect. & Cham.) Blake].
Cuaemalan (P tenericana var, gacreriedensis Wims.y and West
Inclian ¢ £ camerricana var. amerivana Milly races. The West [Indian
race is known to be from the lowland areas of the Pacific coast of
Central Americaand not the West Indics, while the Guatemalin and
Mexican races are pative to specific highland areas in cach country
i 8Scornand Bergh. 19923, The colicationat the NGR-Miam contains
224 accesddons waith all three races represented, us well as hybrids
hetween them. The carliest introductions were collected by Wilson
Popenoe in Guatemala in the 19208 and the newest intraductions
were eollected by Avraham Ben-Yiucoy throughout Centrad and
Suuth America desng e TW9ON (Ben-Yo acoy, 19950 Popenee,

Rewerved tar pubhcation 19 Dee T2 Avcepled tor pabl cation B Juiy 21003,
The suthors thank B Koeger, Natonal Geneplasm Repositary for Citeus annd
[Xales apd D Stottlemyer of the 1O Riversichs tor collecting and serding e
svuwalo Btsbe Trom the Soathe et ¥ eld Stabon,

o s et e 1 T e W T Wiy WL

[92¢h. The Univerity of Califorma collection at the Soilb Cuast
Figld Station (SCFS1 10 Irvipe contains a large number ot acces
siuns and breeding lines tnostly of the Mexican and Guatenalan
races and mixed interracia) hybrids. These twa collections contain
acomprehensive representation of the genetic diversity currently
in avocado germplasm collections.

The three racial groups can be distinguished by the pereentage
oil content in the frait with the West Indian cultivars ranging from
2.5% to 8.0%, Guatemalan accessions fiom 109 (o 13%, and the
Mexican accessions ranging trom 139 to 204 (Kpight, 2002y,
The racial classes also vary phenotypicudly for characiers such
as fruit size and shape, skin thickness, skin color, seed size, and
fruit ripening (Lahav and Lavi, 20020 Avocado is a diploid with
2n = 2 (Garcia, 19757 and stenhity bamers do not exist between
oramong the three racial types (Labav and Lavi. 20020 Avocado
has 2 distinet flowermy habit known as protogynous, diwmally
synchronous dichogumy (Bergh, [1969). This type of reproductive
behavior promotes oulcrossing. however, significant amounts
of self-pollination are known o veeur in commercial plantings
(Davenporl 1 al., 19941, Named cultivars otien orginitte from
open-pollinated seeddings, The pollen parent is unknewn bt has
ofien been estintaied hased on e flow er types of svaikable donor
trees. Many of the coltivars grown i Florida are smterracial hybrids
betw een Guatemalan and West Indiun types while those grownan
Califormia are hybruds hetween Mevican and Guatemalan fypes
(R. Knight, personal communication). Morphaological characters
have been used 1o infer parentage. although these characters are
inlluenced by environmenta! factors and inay not snambiguounsly
distinguish closely related genotypes or imerraeial hybrds.

el
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Molecular markers are often used to clarify genetic relation-
ships between individuals. In avocado germplasm evaluated using
minisatellite markers, racial pattern differences were observed and
fingerprinting of 26 cultivars was accomplished (Lavietal., 1991),
Mhameed et al. (1997) used variable number of tandem repeats
(VNTR) markers to evalvate genetic relationships among 24 avo-
cado cultivars that had been classified using morphological traits.
The VNTR data supported the racial classification for most of the
accessions. In another study, RAPD markers were used to evaluate
I6 accessions representing the three races. Race-specific markers
were identified and the similarity between races ranged from 53%
10 58% (Fiedler et al.. 1998). Similarly, Davis et al. (1998) used
Restriction Fragment Length Polymorphism (RFLP) 1o evaluate
a set of 36 cultivars from the University of California SCFS and
their results were in agreement with the previous siudies.

Microsatellite markers have been developed for avocudo and
utilized (o produce acrude linkage map (Sharonet al., 1997). These
markers have distinct advantages over the other types of molecular
markers used 1o classify avocado germplasim. Their advantages
include their abundance in most genomes, uniform distribution,
hiypervariabihity, codominance, and PCR-based protocols. Even
though the genetic diversity analysis from the aforementioned stud-
s sampled a small number of accessions, they have adequately
demonstrated the usefulness of molecular markers in the classifica-
tion of avocado germplasm,

Our objectives were 10 estiinate genetic diversity within the
large collection maintained at the USDA, NGR in Miami and a
subset of the collection maintained at the SCFS by the University
of California using microsatellite markers. Genetic diversity within

and between populations of avocado was of interest, particularly
within the West Indian race that is known to have genes invelved
with tolerance to phytophthora root rot (PRR). Another objective
was to clarify the anecdetal information on parentage of mixed
race hybrids and seedling selections from commercial cultivars.
Since all plants (¢lones) of a given accession were genotyped, we
also investigated the fidelity of germplasm propagation within
aceessions, as clonal collections are known to contain identical
accessions with different names and mixtures of genotypes with
the same name (Schnell et al.. 1999).

Materials and Methods

PLANT MaTERIALS. Leaf material was sampled from the Persea
germplasm collection at the NGR in Miami. Fla., and from the
SCFS, University of California, Irvine, Calif. The number of plants
genotyped for this study was 428, This included 254 accessions,
224 from the NGR-Miami and 34 frorn the University of California
SCEFS at Irvine with four cultivars common to both collections. Of
the 224 accessions at the NGR, 104 accessions were represented
by multiple plants. These 274 plants include 54 accessions with
two, 37 accessions with three. 10 accessions with four, and three
accessions with five plants,

In total. individuals of the following backgrounds were studied:
51 Mexican, 35 Guatemalan, znd 65 West Indian, 100 interracial
hybrids, and three related species. Hybrids were designated as
follows: Complex (CH), Guatemalan X West Indian (G X W), Gua-
temalan X Mexican (G X M), and Mexican X West Indian (M X
W), The out-group consisted of two accessions of £ nubigena
and one accession of P, schiedeana (Table 1),

Table 2. Microsatellite loci and primers used tn the analysis of the avocado germplasm collections developed by Sharon et al. (1997).

Anncaling Swe
lemp Alleles range Pivmi!y

Locus Repeat Primers (5'-37) {°C) ino.} {bp} [H 2 V{H)|
AVAGOS 1AG), GGATCTTGATGTGTGGGGGAG

CCTGTCGGAAAAGACTATGCG 50 19 B3-]25 0.7906 (0.0394}
AVAGHA T, GCACTTCCTAAACTTGCAGGT

CTGAACATCCAATGACAAACATCC 45 14 92-122 0.8414 (00551
AVAG2ES (TCy, ATGGTTTTTICCTGCCCTTT

AACAAGCCCCCTAAAAGAA 50 20 06— 140 (.86 (0.05496)
AVAGI3 (CTy, CTGCGATAACAACTGGAC

AACTAGGACCTGAAACCG 50 29 96— 6l 09150 (0.0912)
AVAGH (AG),, AGCGATGAACATTACCA

ATTTCTTCAACCCATCTGTC 50 i5 J05-[61 0.7553 ((LO3BK)
AVMIXG3 (TG}, (AGY,, GATATTCCTGTIGTCACTGC

GATATTCCTGTTGTCACTGC 50 23 135-196 08912 ((L0O718)
AVAG2I (CTh, TGTAAGTTTTAACCCCACAA

AATCACTATTAGAGTTTTCAGTCG 50 3 153-219 0.8011 {0.0729;
AVAGOT {TC»,. ATCCAAAATGCACAAGGTGAGO

TGTCGCTATGTCCAAAATGTGG 50 8 08-114 0.6524 ((.2801)
AVMIN( {AG) CAA). (ACAG),, CCGTTTGCTTCCTGTATC

GTTATCCCTTCCACTTTC S0 Iy 158-194 0.8922 (0.0750)
AVACO] (TG, CTOGGTTGCTCTCTTGTCTACATAATA

CGGTTTTGTAAGTTGATAG ) 16 95-185 L8627 (00507
AVMIXO2 {TC), ATCC), GAGTCACGCTCGTAGGCT

TATAAATTCAAATGACAC 4i} 10 147135 0.7335 (0.0363)
AVAGDH {CT),, CGACCTCTTCTTATACTC

GTACCTCTGATAATGAGCAT 40 15 59-89 08625 {0,0629)
AVAGID (CT)., GAATTACAAAGCACTAGAG

GTAGAAAGTGGGCACACAT 45 in [49-234 0.83695 (0,0607)
AVAG22 1GA); GATCATCAAGTCCTUCTTGG

GATCTCATAGTCCAAATAATGC 55 16 G6-- 130 .8206 (0.0597)
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DN Aextraction was performed on 200 mg samples of leaf tissue
using the Fast DNAKI(BIO 01, Inc.; Carlsbad. Calif.} and a cell
disrpler (FastPrep FP 120 Savant Instruments. Ine.; Holhrook,
N.¥.). The kit protacol for plant tssue was followed including the
optional SPIN protocol. Tissue was homogenized using the Gamet
Matrix and two Yi-inch spheres as the Lysing Matrix combination,
at speed 5 for 30 s, repeated three times. DNA was quantified on
u specirophotometer (DynaQuant 200; Amersham Pharmacia;
Piscataway, Calif.)

MICROSATELLITE MARKERS AND PCR AMPLIFICATI The mic-
rosatellite markers wved in this study were reported by Sharon et
al. (1997} Imtially. 39 primer pairs were tested of which 14 were
selected based on amplification consistency and level of polymor-
phism. Microsatellite locus name and primer sequence are listed
i Table 2, PCR amplihication reactions were carried out in a lotal
volume of 10 xL, or 20 gL for multiplex reactions, containing 0.253
ng- L' genomic DNA. All PCR reactions contained 0.025 U/pl
Amplitag (Applied Biosystems, Inc.; Foster City, Calif.}, 0.2 mm
ANTPs, (.25 pv each forward and reverse primers., 1x GeneAmp
PCR buffer (1.5 mm MgCl,, 10 mat Tris-HC1 pH8.3, 50 mm KCJ,
0.001% (w/v}y gelatin). Thermal cycling profile consisted of the
following: 4 min denaturation at 94 °C; followed by 33 cycles
of denaturation at 94 °C for 30 s, | min at appropriate annealing
ternperature for each primer (Table 2). 1 min extension at 72°C .
with a inal 7 min 72 °C extension. PCR was carried out on a DNA
Enginetetrad thermal cycler (MJ Research, Ine.; Wateriown, Mass. |,
The following PCR multiplex reaction combinations were used:
AVAGI] and AYMIX02, AVAG2 1 and AVAGOT, and AVMIX02
and AVAGO6, all other primer pairs were run individually,

ELecTroPHORESIS. Capillary electrophoresis (CE) was per-
formed on an genetic analyzer (AB] Prism 3100; Applied Bio-
sysiemns, Inc.) using Performance Optimized Polymer 4 (POP 4,
Applicd Biosystems. Inc.). Samples were prepared immediately
before elecrophoresis by adding | 4L of PCR product 10 12 4.
of deionized formannde and 0.1 gL of GeneScan 300 ROX size
standard (Apphied Biosystems. Inc ). then denatured at 95 °C for
5 min. and chilled on ice. PCR products and size standards were
doubled for preparation of multiplex PCR amplifications. Saimples
were injected electrokinetically at 3 kY for 10 s and were run at
15 kV and 60 °C for 25 min. Resulting data were analyzed with
GeneScan 3.7 (Applied Biosystemns, Inc.) for internal standard and
fragment size determination. Allelic designations were ascertaned
using Genotyper 3.7 (Applied Biosysiems, Inc.).

Data anavvsis. Gene diversity values for each locus and aver-
ages across all loci for the three races and interracial groups were
calculuted using Nei's (1987) unbiased estimate H = n(1- Xp2/n
~ 1. where n = number of individuals sampled, p, is the frequency
of the /th allele. The variance of this statistic was calculated as
VIHY = 2l(n- DU Zp*, — (T2 Pl + 2p2 = (22 1.

Unbiused gene diversity (H,,} and observed heterozygosity
(H,,.) were estimated from the allele frequencies of the Guate-
mlan, Mexican, and West inchan populations as well as CH. G x
M. G X W. M X W, andl the Persea spp. group, at cach locus using
OENETIX ver. 4.0 {Montpellier, France}.

The pancipal coordinate analyses (PCA: Sokal and Rohll,
1998) were performed on subsets of the data using the SAS System
for Windows ver. 8.0 (SAS Institute: Cary. N.C.) with modified
Rogers” distance (Wright, 1978). Due to the number of taxa and
resulting dithculty in visualizing individuals in the 3-D PCA,
ihe Guatemalan, Mesican, and West [ndian populations were
analyzed wpether first. This was followed by the analysis of the
other interracial hybrid groups, one ata time, to determine where

L

they clustered in relation 1o the three primary populations.

The relationships between the populations were alserepresented
using a phenetic tree constructed from allele frequencies averaged
over populations, using the Cavalli-Sforza and Edwards {1967)
chord distance and the neighbor joining methed (NI: Saitou and
Nei, 1987). Statistical analysis was accomplished by lesting for
similarities in alicle frequencies using genotypic counts between
groups as suggested hy Weir (1996). Chi-square analysis of the
contingency tables was generited using the Proc. Freg procedure
with Monte Carlo simulation for estimates of exact F values and
10K iterations. The Monte Carlo option was used due 1o the size
of the data set and the computational resources required by the
analysis (SAS, 1999,

Resalts

Lever orroLysorrnsa. The 14 microsatellite lociwere ighly
polymorphic. The number of alleles varied from cight { AVAGOT)
1o 30 (AVAG21). with an average of 18.8 alleles per locus and the
average gene diversity was .83 (0.63to 0.91) (Table 2). Eleven of
the 14 microsatellites were composed of simple dinucleatide repeat
motifs. Seven of these gave amplification products differning by
either twao bases or maltiples of Lwo for cach allele. Anexample of
the allelic diversity is given in Fig. | for locus AVAGQ(6 showing K
ofthe 15 alleles detected at this locus in erght accessions including
P nubigena. AYAG 13 had two of 29 zlleles thal were notmultim-
ers of the repeat unjt, while AVAG2 | contained nine of 30 alleles
that differed by a single hase. Additionally, AVAG 10 and AVAGI |
generated two of 29 and three of 15 alleles, respectively, that were
not multimers of the repeat umit. Two of the three microsatellite
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Fig. 1. Allele szes in base pairs detected ol the AVAG-06 aneristated lite beus in
vight Persen accessions dlustraling cight allees using the compiter program
Gunotyper ver 4.0, The nwjor peuk in euch electrepheragram e the PCR
artiphified allele at this lacns
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Tablke 3. Allele size tor cach locus und companson of Eftinger and Pinkerton for allele sizes ar the 14 microsaiellite loci

Allele  AVAGOS  AVADDE  AVAGIS  AVAGTY  AVAGIL  AVMIXOS  AVAGIT  AVAGOT  AVMIXGE  AVACGT  AVAMIXGT  AVACGOA  AVAGID  AVAGLD
1 — B A .8 o TS FEL ) I5¥ '] 147 L) Y R
| 15 44 4R R 07 141 167 Fal 14} e 144 63 174 S
1 K7 Uy 11K} HiH 1w 143 M 108} 162 103 153 L 176 {LE
1 b R 1432 HAM 113 145 173 102 |6 105 155 7 [78 112
5 i RLE 106 1 115 147 175 104 160 147 157 % &0 H
f 0 1112 104 HAL 116 151 177 110 | & ) 159 i [82 11Ky
7 a5 14 104 104 HIg 152 I79 108 170 11 163 a8 184 bk
# a7 b AL e |25 154 1801 1) 72 (AR 165 75 185 I
L] L J0% 12 112 124 | 544 151 14 174 118 167 xa 187 112
i (L1} 114 bl i14 134 158 |83 176 LT 188 79 X7 lis
I [{1%3 a2 1 | e 13z l6d} 186 174 1 &1 -5 e
17 {4 1B (] 18 133 162 87 [I:4] 124 51 15K} 1i#
13 107 g 12 120 137 L2 |R% 152 (K] ES 142 . H
4 1) 13 124 2] 147 1] |83 184 127 87 14 123
[ tl 1 2% 124 6] 68 |ty 186 131 Y 194 124
1] 13 1% 125 F70 %1 1R% 135 298 i}
17 12 134 L 172 (2 1 Ny
53 f21 IR 132 174 |tk 192 02
i 135 138 134 178 195 154 M
Y] 140 1 36 182 10y ik
2 138 eH) IR i
! 141 192 |G 21
i3 [BE (I3 L 2t
M 148 02 2R
s} 148 i 220
M 152 T 2
30 154 07 il
I I 58 L 228
Ut 1] 18 T
L1 Hu 134
Allele size
Mangert Akko Expn Station)
95U 9 100 14/ 140 19415 IELY B 173188 BB | 2 16U LI E? [RRH 21087 153 1317
Etlanper { MVOR-MMuame )
w708 L] 102 13318 9 &1 F43172 L7 11 T%k |42 1621 It i3 18IRT TR 14X1 ILERIRRT
Pinkenant Skke Exp. Suation}
A5 YRS L0 1200 | 144 13 7 1364176} A2 2EH) 1w s 11K bEMIT s [ENH R "7
Pinkeron (NGR-Mami}
L30T 96102 104/ | 06 1% 107 2R ] 181168 16007 b0 180 MA: 149167 &R 140/ | B& il

‘NA = no amplification.

foci thint contained mixed repeat motifs gave amplification products
differing by two bases or multiples of two for each allele.
Accession IDENTIFICATION, Of the 104 accessions with dupli-
cate plants. 85 (32%) had idemical allelic configurations over all
loci. Nonidentical allelic configurations usually resulted when
onge of three or four trees was not the same genotype. Many
of these off-type plants had been previously detected based on
phenotypic differences and the molecular data contirmed the mis-
iwdentification. The 104 duplicated accessions are represented by
274 plants, only 19 of which were genotypically different from
their sibling clones, The rate of error associated with propagation
of the avocado collection is estimated to be 7.0%. Of the four
cultivars commen to both the NGR and SCFS, three were iden-
tical between collections, *Bacon’, "Ettinger’, and ‘Mexicola'.
*Nimlioh® differed at 12 of the 14 laci. The cultivars ‘Ettinger’
and *Pinkerton’ were used in the study by Sharon et al. (1997)
where the microsateilite markers were developed. These two cul -
tivars were alse included in our study. The comparison of allele
sizes for “Pinkerton” produced very similar fragment sizes, ours
being on average 4.5 bp smaller, with the exception of alleles at
two loci. For locus AVAG L0 Sharon et al, (1997) reported allele
sizes of 149 and 153 bp. whereas our alletes are 149 and 190 bp.
Anotherdifference vccurred at locus AVACO 1 where we obtained
no amplification prochucts. whereas Sharon et al. (1997} reported
one amplikication product at 117 bp. The comparison of allele
sizes for *Frtinger’ also produced very similar fragment sizes,
ours being on average 4.8 bp smaller, with the exception of al-
leles at six loci that were on average 20 bp larger. For example,
the largest difference ocourred st locus AVAG 1| where Sharon et
al. (1997) reported allele sizes of 109 bpand 115 bp, whereas our

Foaarn o Honre Ko DTR0A WS T W20 WWIT

amplification products were 1009 bp and 16) bp (Table 3}
GENETIC DIFFERENTIATION BETWEEN HORTICULTURAL RACES AND
RELATEDNESS OF CULTIVARS. The PCA supports the grouping tor the
West Indian, Guatemalan, and Mexican races as illustrated in Fig.
2A where only the individuals within each race were analyzed. The
PCA was able o summarize 29.7% of the total variability onto the
threeaxes shown in this plot (18.3%, 6.4%, and 5.0%, respectively.
for Prinl, Prin2. and Prin3). The PCA based en gene frequency
suggested that the race of some accessions was incorrectly assigned.
Six of the West Indian accessions did not group with the West inclian
cluster. Two of these six. *General Francisco Robles” and *Orizaba
6 areclearly Mexican: buth contained estragote in their leaves, Two
others, "Avocatosa’ and ‘Orizaba 3" clustered with the Guatemalan
group while ‘Biscayne” is most likely a M x W hybrid and *Novil-
lero” is most likely a G x M hyhrid. Based on the PCA, 12 of the
Guatemalan accessions clustered m problematic areas. *Tehtoh'is
clearly a West Indian accession. "La Piscina’is Mexican and ninc of
the other accessions are mixed racial hybrids, ‘Collins Seedling 2°,
*Colling’. *MIA35730a°, "MIA35730b°, ‘MIA35730¢", and "Key
Largo™ all are M x W hybrids while ‘Dickinson” and *Lima Late’
are G X W hybrids. 'PICY651 " clustered in the Mexican accessions:
however it was listed as a Guatemalan accession (Ben-Ya'acov,
1995) and does nol conlaio esiragole in the leaves. Based on the
PCA. five of the Mexican accessions clustered in problematic ar-
eas, ‘Brooksville Seedling 2° and *Brooksville Seedling 3’ seem
toy be West [ndian or West Indians hyhnds while “Gottfried” and
‘Miramar de Monte de Ore” seem 1o be CH. “Itzamna Seedling
1" clustered as a G X W. These changes are illustrated in Fig. 2A
where (he original racial designations are indicated with different
symbols and the putatively misidentified sccessions ane labeled. In
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Fig. 2. Principal coordinate analysis (PCA) for the microsatellite evaluation of the avocado germplasm. # Guatemalan iceessions, & Mexican accessions, A West
Indian accessions. (A} PCA for the Guatemalan, Mexican, and West Indum avocado sccessions based on 13 microsatellite loci and illustrating incorrect population
classification within each racial group, correct classification in parenthesis, This plot contains 29.7% of the 1otal vanability, 18.3% for the limst principal coerdinate
axis, 6.4% for the second, and 5.0% for the thied. Symbeols (4. &, A) indicate onginal classification. {B) PCA for the Guatemalan, Mexican, West Indian races,
and the G ¥ W hybrids. Plot contams 27.9% of the total variability, 17.4% for the first principal coordinale axis, 3.9% for the second, and 4.6% for the third: d =
G X W, (C) PCA for the Guaternalan, Mexican, West Indian races, and the GxM hybnds, Plot contuns 29.5% of the total variabliy. 20,1 for the lirst principal
coordmate axis, 5 1% for the second, and 3.95 for the third; D = G x M. (D} PCA for the Guatemalan, Mexican, West Indian races. and the MxW hybrids. Plot
contains 29 9% of the total vanability, 20.4% for the first principal conrdinate axis, 5.0 5% for the second, and 4.0% for the third: J=M X W

asimilar manner. the other interracial hybnd groups were analyzed  the G X M accessions clustering between the two source popula-

and changes made based on the PCA. All of the Unknown acces-
stons (13) could be placed in racial or hybrid groups so they were
no longer considered as a group for analysis purposes. A total of
50 accessions (19.7% ) were changed based on the PCA and these
changes are listed in Table 1. All further analysis, including PCA
and phylogenetic, was done using this corrected dataset,

PC Afor the Guatemalan, Mexican. and West Indian poputations
and the three interracial groups are ilustrated in Fig. 2B-D. The
PCA that includes the G X W hybrid grouping accounted for 28%

tiens and the PCA accounts for 29.5% of the total variation. Fig.
2D illustrates the M X W accessions again clustering between the
two source populations with the PCA accounting for 29.9% of the
variation. The PCA for the CH group is not iltusirated but these
cluster togetber in a different area that overlaps with the other
imterracial hybrids.

Significant differences were found for each racial comparison,
Guatemalan vs. West Indian, Guatemalan vs. Mexican, and Mexi-
can vs. West Indian for 13 of the 14 loci from the Chi-square

of the total variation and the G X W accessions clustered between

analysis. Significant frequency differences were also delected
the two source populations (Fig. 2B). Likewise. Fig. 2C illustrates

for locus AVAG?22 between the Guatemalan vs. West Indian and

Table 4. Chi-square valaes for tests of amilanty of allele frequency by racial background /

FTETS EAYCTE L VY | I Y4 FYSIR TRINOT AT AVALD U N T O TR N Y| LRV 4" v/ Yo [V O\ Y a0
Givs W 13583 NS CERTS [EYRES T 48 11482+ [T 6.4 YT 105,42 151,55 [HIE FERER LiNES
Gva M AT U i nn- B4 )34 R 6825 43,15 5169 2498 o 24 35367 o7 M 1442

M ova W 1314685 11252 125,11 156,21 150,18 14440 4900 1|, 15401 W 1B 45 144 50 12400, G 2147

O m Guatemulen, M = Merican, pnd W= Weat Indtan roces.
rEymitiant af P < 005 or 0,01, respegiively,
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Fug § Neswhbor-irining tee of Guatemalan, Mesest, and West Indian roes
annd mteracti] hbrics Based on the Cava DeStorza and Edwards ehord drtanee
sboalated tromm micrasate e date Boobstiappeicentages were compuledusing
RN repracitions Boutsitap values bedos 307 are ol shown.

Mexwan vs. West Indian but not for the Goatemalan vs. Mesicin
vomparison { Table 4.

P’hylogenetic analysis of the microsatellite data for the three
pupulations and the imer-population hybrids was in agreement
with e previously reported genetic relationships that separated the
Gluaternalan, Mexican and West Indian races (Davis et al., 199%:
Fredler et al, 1998 Mhbameed et al., 1997). The INJ tree hased on
Cavalli-Sforza and Edwards (19671 chord distance grouped the
thiee rawes into distinet clusters, The Persen spp. were distinet
front uny other group. The Guatemalan race and G X M hybrids
clustered together with abigh bootstrap value and the West Indian
and W X 0 clustered together again with a high bantstrap value.
all other groups had little bootstrap support (Fig. 3).

All of the gronps had a high average allele number, with
the exeeption of the M x W group that only contained cight
imdividuals (3.57 1o 13,35, Table 5). All loci were polymomphic
when considered over all groups. FL was high in the Mexican
().83r and Guatemalan populatons (0.8 1 and lower for the Wiest
Indian group t0.61). The other groups had a narrow range 0,749
w75, 1, did nut follow the same pattern being higher in the
Guatermalan population (.75, lower in the Mexican (0,661 amd
lwer stilt in the West Indian (0.50), The M X W, G ¥ W hybrids

and CEE had a high 11, £L87.0.79 and 0.78 respectvely, while
the Persea spp. and G X M were similar, 0,70 (Tuble 5)

Withthe exception of the M x W hybrids, all other meral group-
ings eontained unigue allefes. 27 among the Mexican aceessions,
It in the West Indian group. seven amony the Guatemalan ie-
cexsions, and from one o four arang the other aroups (Jata not
shown). OFf these unigue alleles, only three were at a fregueney
gredter than (.05, Two ot these were tound in bath of the Persea
spp. accessions (0,33 and 0,75 due to the exivience of a4 null al-
lefe tn £ seriedeenar and the other m the CH group 0. 130, Only
ome allele in the Guatematan population had a frequency greater
than 0,30, allele 9 fin Tocus AAVMIX02 with a fiequency ot 0.71.
Both the Mexican und West Indian populations contained ths
allele but at low freguencies of 0.17 and 0.04, respectively. The
highest frequency in the Mexican population wirs (44 at locas
AVAGI!] for allele 2 and 046wt locus AVMIX02 for allele 2.
The Wesl Indian population had alleles with frequencies greatey
than U.30 for eight of the loci, AVAGDS allele 6 {1.75), AVAGU2
allele 6 (0333, AVAGLT allele 2 140.72), AVAGOT allele 3 (0.923
AVAUGT allele 510581 AVMIXO2 ullele 3 (0.9, AVAGOG allele
30051 and AVAGID allele 1062 Allele 3 at AVAGDT wus
common 0 most of the West [Indian accessions. 38 wecessions
were homory gous for this allele, sin weve heterozy pous leaving
only one accession nol having this allzle. This allele also oo
curred in the Guatemaiun and Mesican populations bt at lower
trequencies, 0.3 and 02K, respectively, Allele 3 a0 AVAIXND2
alsooccurred ina high frequeney with 30 accessions homosygous.
18 heterozygous and 11 not containing this altele. The frequeney
of this allele was low in the Guatemalan popularion (0.07% amd
mederate in the Mexican (0,204,

Discuossion

Atiributes that snahe mmcrosatellites desirable oy moldevula
mirkers ioclude their hypervariablity, abuedance and automaged
experimental procedures for detection. By using anautomauted high
throughput CE system, we were able to analyze a large number
of individuals tor 14 microsateltite loei, The pattern of the PCR
products produced by ampiification of the genomic DNA was bsu-
ally simple. It was possible todistingudsh the full size amplilication
products containing the microsatellite from the stutier products and
from the +A product. High tevels of microsatellite polymuorphism
have been atiributed to wo molecutar mechanisms, rephcatinu
slippage and unequal crossing oser (Johnson el al., 1992, Messier
clal., 1990y, Cleven of the 14 microsatedlite foct had 15 or more
alleles io thiy study snd locr AVAG2I, AVAGI 3, and AVAGID
could be considered hypervariable with 30, 29, and 30 alleles

Lable 5. Genetie variation withi the three horticetiveal races and among hybrid populations soross T34 mivnesate) e loci; Noo= sample sizel 17

= praporton of polymorphic loci when most freguent allede does not exeeed 9560 A ~ mean number of wlleles per focas H
= ulwerved hetergzygosity, Standard deviations are indicated in parentheses.

diversity 1INei, 19783 H

iy

= unbised pene

nlh

Population Nav r.. _ A ., H, .

Guatemalan 15 1. 11.29 RGO 110y .70 10 [ 30
Mewcan Nl 1.0 13.35 183 (10.069) 166410 163)
st Indn %) 1 114 L7 (81, 22 N6 240
{10 M bl 943 70 Yy 39240 [02)
IR i 30 [y 956 90 0nR2) WF02 M 17
WKW 15 (Y] [AALY TS0 iy OXROGIN] Y
Comnpibe s by brids i 1.0 3.79 M2 0 hidn 07740 1 1440
et seu spp. 03 G 337 (LT9A (0134 0,702 (0.204,

‘Laisted 0 germplasin records af Guitemalan X West Indian Hybvids,
Tasted ws Guaternaden € Mexsvan hybrids.
Jasted as Mexacan x West Indian bybrids.
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Material Safety Data Sheet

I'ersenal Proteciive Equipment

@

See Seclion 15.
Seaction 1. Chemical Product and Company identification Page Number: 1
Common Name/ Indole-3-butyric acid Catalog IN127
I'rade Name Numberis),
: _ | Casw 133-32-4
A SPECTRUM LABORATORY PRODUCTS INC. RTECS NL5250000
14422 S. SAN PEDRO STREET TSCA TSCA 8{b) inventary.
GARDENA, CA 90248 indole-3-butync acid
Commercial Nameis} Hormodin . .
s Ci¥ MNal available.
Synonym 3-Indolebutync Acid a
- - —4 IN CASE OF EMERGENCY
Chemical Name indole-3-Butyric Acid CHEMTREC (24hr) 804-424-9300
Chemical Family Nal avalable CALL (310) 516-8000
Chemical Foromla C12H13NO2

SPECTRUM LABORATORY PRODUCTS INC.
14422 S. SAN PEDRO STREET
GARDENA, CA 90248

Supplier

Section 2.Composition and Information on Ingredients

Expasure Limits

TWA (mg/m’)

STEL (mg/m) | CEIL (mg/m") | % by Weight

100

Indole-3-butyric ackt
ORAL (LD50):

T'oxicological Data

on Ingredients Acute: 100 mgikg [Mousa),

Section 3. Hazards Identification

over-exposure can result in death,

Potential Acute Health Effects Hazardous in case of skin contact (irritant). of eye contact (irritant), of ingestion, of inhalation. Severe

Potential Chronic Health CARCINOGENIC EFFECTS: Not available,
Effects
TERATOGENIC EFFECTS: Not available.

DEVELOPMENTAL TOXICITY: Not avalable.

one of many human organs.

MUTAGEMNIC EFFECTS: Mutagenic for mammalian somatic cells.

Repeated exposure 1o a highly toxic material may produce general deterioration of health by an accumulation in

I Continued on Next Page




I Indole-3-butyric acid Page Number: 2

Section 4. First Aid Measures

Eye Contact Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at
least 15 minutes. Get medical attention.

Skin Contact In case of contact, immediately flush skin with plenty of water. Cover the irritated skin wilh an emcliient, Remove
comaminaled ¢lothing and shoes. Wash clolhing before reuse. Thoroughly clean shoes before reuse. Get
medical aflerttion.

Serions Skin Contact Wash with a disirlectant soap and cover the conlaminated skin with an anti-baclerial cream. Seek immediate
medical atlention.

Inhalation i inhaled, remove 1o fresh air. H not braathing, give arlificial respiration. I breathing is difficul, give oxygen. Get
medical atlertion.

Serious Inhatation N available.

Ingestion if swallowed, do not induce vomiting uniess directed to do SO by medical personne,  Never give anything by
mouth to an unconsdous person. Loosen light cicthing such as a cdlar, tie, belt or waistband. Get medical
attention immediately.

Serious Ingestion Not available.

Section 5. Fire and Explosion Data
Flammability of the Product  May be combustible at high temperature.

Auto-Ignition Temperature Nat available.

Flash Points Mot avaitable.

Flammable Limits Not avaitable.

Products of Combustion These products are carbon oxides {CO, CO2), nitrogen mades (NO, NOZ.. ).

Fire Hazards in Presence of  Slightly fiammable 1o flammable in presence of heat.
Various Substances Non-flammable in presence of shocks.

Explosion Hazards in Presence Shightly explosive in presence of open Mames and sparks.
of Various Substances Non-explosive in presence of shocks.

Fire Fighting Media SMALL FIRE: Use DRY chemical powder.
and Instructions LARGE FIRE: Use water spray, fog or foam. Do nol use water jet.

Special Remarks on As with most organic solids, fire is possible al elevaled temperalures
Fire Hazards

Special Remarks on Explesion  Fine dust dispersed in ar in sufficient concenirations, and in the presence of an igrition scurce is a polentia dust
Harards explsion hazard.

Section 6. Accidental Release Measures

Small Spill Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by
spreading water on the contaminated surface and dispose of according to local and regional authority
requirements.

Large Spill Poisonous solid.

Stop leak if without risk. Do nol get water inside container. Do notl touch spilied material.  Use water spray to
reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Eliminate all ignition
sources. Call for assistance on disposal.  Finish cleaning by spreading water on the contaminated surface and
allow 10 evecuate through the sanitary system.

[ Continued on Next Page
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Section 7. Handling and Storage

Precautions

Keep away from heat. Keep away from sources of ignition. Ground all equipment containing material. Do not
ingest. Do not breathe dust. Wear suilable prolective clothing. In case of insufficient ventilation, wear suitable
respiratory equipment. I ingested, seek medical advice immedialely and show the container or the label. Avoid
contact with skin and eyes. Keep away from incompalibles such as axidizing agents, alkalis.

Storapge

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

Section 8. Exposure ControlsiPersonal Protection

Engineering Controls

Use process encloswres, local exhaust ventilation, or other engineering contrals o keep airborne levels balav
recormmended exposure limits. If user operations generate dust, fume or mist, use ventilation o keep exposure to
airborne contaminants below the exposure limit.

Personal Protection

Personal Protection in Case of

a Large Spili

Safety glasses. Lab coat. Dust respiralor. Be sure to use an approved/cerlified respiralor or equivalent. Gloves
(impervious).

Splash goggles. Full suit. Dust respirator. Boots. Gloves. A seif contained breathing apparalus should be used
1o avoid inhalation of the product. Suggested prolective clothing might nol be sufficient; consult a specialist
BEFORE handiing this preduct.

Exposure Limits

Nt available.

Section 9. Physical and Chemical Properties

Physical state and appearance  Solid. (Crystals soiid.) Qdor Odorless.

Taste Nal available.

Molecular Weight 203.23 g/mole

3 Color Off-white. ¥White to yellowish.
pH (1% soln/water) Naol appiicable.
Boiling Point Nal avaiiable.

Melting Foint

124°C (255.2°F) - 126 C

Critical Temperature Not available.

Specific Gravity Not available.

Vapor Pressure Nal applicabie.

Vapor Deusity Notavalble. el el — = =
Vaolatility Nl available.

Odor Threshold Naot evailable.

Water/Ofl Dist. Coeff. Nat available.

lonicity (in Water) Nat available.

Dispersion Properties Nol available. - o o
Solubility hs—dubb l'n_cdd water.

Section 10. Stability and Reactivity Data

Stability

Instability Temperature

Conditions of Instability

The product is stable.

Nal available.

Excess heat, incompatible materials

Incompatibility with varfous

substances

Reactive with oxidizing agents, alkalis.

Corrosivity

Nor-commosive in presence of glass.

I Continued on Next Page
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Special Remarks on Light. sensilive.
Reactivity

Special Remarks on Nal avaltable.
Corrosivity

Polymerization Wil not occur.

Section 11. Toxlcologlcal Information

Routes of Entry inhalation. Ingestion.

Toxicity to Animals Acute oral tevdcity (LDSO0Y: 100 mg/kg [Mousst.

Chronic Effects on Humans MUTAGENIC EFFECTS: Muagenic for mammalian somalic calls.

Other Toxic Effects on Hazardoss in case of skin contact (imtant), of ingestion, of inkaktion,
Humans

Special Remarks on Lethal Dosa/Conc:
Toxicity to Animals LO{R=at] - Route: Oral Dose: >500 mo/kg

Special Remarks on May affect genetic material.

Chronic Effects on Humans

Special Remarks on other Acule Polential Health Effects:
Toxic Effects on Humans Skin: Causes skin irrialion.
Eyes: Causes eye rriglion. May cause conjunciivilis
Inhalation: Causes respiratory tract inritation.
Ingestion: Harmiul i swakowed, May cause gastromesting tract imilalion with nausea, vormitting and diarrhaa,
The toxicolegical properties of this subsiance have not been fuly investigated.

Section 12, Ecological information

Ecotoxicity Nt availabie.

BODS and COD Not avalable.

Products of Biodegradation  Possibly hazardous short term degradation products are nat likely. However, bong term dagradsttion products may
arse.

Toxicity of the Products The preducts of degradation are less towc them the product itself.

of Biodegradation

Special Remarks on the Naot avalable.

Products of Biodegradation

aste Disposal W aste must be dispased of in accordance with federal, state and local environmental

Section 13. Disposal Considerations
conirol regulations.

Section 14. Transport information

DOT Qassification Net a DOT corrolied malerial {United States).
Identification Nt applicable.

Special Provisions for Nol applicable

Transport

[ Continued on Next Page




Indole-3-butyric acid
DOT (Pictograms)

Section 15. Other Regulatory information and Pictograms

Federal and State TSCA 8(b) inventory: Indole-3-butyric acid
Regulations

B Ormia 5 S MO, Do i Rlis U e T T
roposition 63 to cause cancer which would require a warning under the statute: No products were found.
Varnings Caifarnia prop. 65: This product contains the following ingredients for which the State of California has found
to cause birth defects which would require a warning under the statute: No products were found.
Other Regulations OSHA: Hazardous by definition of Hazard Communication Standard (28 CFR 1910.1200).
EINECS: This product is on the European Inventory of Existing Commercial Chemnical Substances.
Ovher Classifications WHMIS {Canada) Naot controlled under WHMIS (Canada).
DSCL (EEC) R22- Harrmful if swallowed. 326- In case of contact with eyes, rinse
R36/37/38- Irritating to eyes, immediately with plenty of water and seek
respiralory system and skin. medical advice.
S36/37139- Wear suitable protective clothing,
gloves and eyefface protection.
545 In case o accident or if you feel unwel,
seek medical advice immediately (show the
label where possible).

National Fire Protection
| Association (F1.8.A.)

HMIS (US.A) Pianunabiit

Health Reactivity

Spevilic hacard

WHMIS (Canada)
(Pictograms)

DSCL {Europe)
(Pictograms)

TDG {Canada)
(Pictograms)

ADR (Europe)
(Pictograms)

Protective Equipment ﬁ Gloves (impervious,).

l Continued on Next Page
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Dust respirator. Be sure fo use an
approveri/certified respirator or

equivalent.
Salely giasses.
Section 16. Other information
MSDS Code 13070
References Nl availabla,
Other Special Nal available.
Considerations
Yalidated by Senia Owen on $#26/2004. Veriffed by Senia Owen,

Printed B/2572004.

CALL (3t8) S16-8000

Notice to Reader

Al chesdcels wwty poer wekmewn baZords amd thoubd be mxed with comtion.  Thiv Maserial Safetr Dota Shoet (MSDS) applics only to the wwierial ox packaged, If thix product iv
rondiford wifh othe? makTiok, deicriondirs, or DetemT confumimaird, it muy pow hocerds nor mentioned o Lhis MY, B sbolf be the wer's reponcbdlite fo devetop proper
mirthods af humdling and persenal protection beved on the acfual conditions of use. Bhile this WSO8 ix busced on lechaicol data judved o be relfable, Spectruse Quotity Produck,

Inc. no responsibilicy for the completenssy ar accurasy of the informagion contained berein.
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FERTILIZER DOSAGES FOR DRIP IRRIGATION
for Young Citrus and Avocado Trees

The following are recommended fertilizer rate tables for liquid and dry formulations to be injected
into drip irrigation systems for young trees. [t 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 maximum amounts to be applied under normal or average
conditions.

Any particular soil may not require all the nutrients included in both of the tables. It is designed to
take care of an orchard with varied soil conditions such as occur in hillside plantings with little
topsoil. We think it is a good starting point. For more precise custom evaluations, 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 RATE TABLE 1
Form Materlal PPV vVol./1000 gal. Of Wt./1000 gal Of
Irrigation Water Irrigation Water
1. Liquid 20-0-0 (Ammonium 93N .37 gal. 2.22 Ibs.
Nitrate)
2. Dry torm (mix asa |Supplementary lren Chelate
slurry before adding (Sprint 138) 8% Fe
to injector) a)One shot quick corrective 9.6 Fe 3 cups 1 Ib.
b) Constant feed 1.36 Fe 6 Ths. 2.28 oz.
2. Dry form (mix as a | Supplementary Zinc Chelate
slurry before adding (14.2% Zn)
to injector) a)One shot quick corrective 4,26 Zn 3/4 cups 4 oz.
b) Constant feed 0.36 Zn 1 Tbs. 1/3 oz,
Example:

Let's suppose that you start out by applying only the liquid Ammonium Nitrate {20-0-0) through
your drip system by means of a small injector tank. If you have, as an example, 674 trees, each with
one (1) gallon per hour emitter, and you plan to irrigate for six hours, then your total amount of



irrigation water would equal 674 trees (times) 6 hours = 4044 gallons of water. The ratio of
Ammonium Nitrate that you would use would be expressed as:

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

that you would put into 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 Ib. of granular
Ammonium Nitrate thusly:

gal. of water used x 2.22= (or) 4044 x 222 = 91b.
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 Iron 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 I
Form Material PPM Vol./1000 gal. Of Wt./1000 gal. Of
Irrigation Water Irrigation Water
1. Liquid 75% Phosphoric Acid
{food grade or 16.8 6 fl. Oz, ps
technical)

2. Solids 750 Ibs. KNO4
dissolved in | (Potassium Nitrate) '
500 gals. Of [ 10 ibs. CuSO4 5H20 | 19N, 52K,0.5Cu .79 gal. 1.2 Ib. KNO4, .25 oz.

solution {Copper Suifate) CuS04

FERTILIZER RATE TABLE Il is included as an optional suggestion for the grower who may want to
provide these additional nutrients. If 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 different
intervals during the watering cycle.

10/98 BNI
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Mounding Avocado Trees

Here is some information that may be helpful in your preparations
for trees. Watering is of the utmost importance. Be sure to review
the Care of Citrus and Avocado Trees pamphlet on the subject.

Mounds 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
incorporated or mixed into the floor of the orchard to eliminate any
possibility of an interface that could inhibit water percolation. Build
the mound 1 to 1-1/2 feet high, at a 4:1 slope. The mound should be
settled with water and allowed to dry out somewhat so you are not
planting in muck. Dig a hole 18" in diameter and about 15" deep.
Place the nursery tree in the hole to check planting height. The soil of
the nursery ball should be about 1" above the top of the mound to
keep the ball exposed to irrigation water. Cut and remove the
bottomless container only after checking and adjusting the planting
height. Backfill the tree little by little lightly tamping out air spaces.
Do not overly compact the soil. Water the tree in with about 10 to 20
gallons of water to assure no air spaces remain around the root ball.

We have seen good results from capping off the mound with 15 to 35
Ibs. of gypsum, then cover the mound with a coarse mulch about 4”
to 6” thick. Be careful to keep the mulch from piling up around the
trunk, it’s best left exposed. The calcium in the gypsum inhibits the
Phytophthora fungus and the mulch provides an ideal environment
for shallow 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 hesitate to call if you have any
questions.
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SOME COMMON PROBLEMS WITH YOUNG, ESTABLISHED
AVOCADO TREES

Wiwdw | b;'Gkﬂb\'-’]Uf‘SBf’Y COT

Faulty Watering

Almost all difficulties with young avocado trees can be traced to watering practices, or soil
conditions and of the two causes, watering practices is the most common. A grower should use a '
soil probe to test the moisture in and around the uree ball. 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 leaves. This is a drying out and
dying of the leaves, and especially the leaf tips. Semi-burned leaves are rather small, and often
yellowed. They contrast with thick, large dark green leaves of a well watered and nourished tree,
The tree bark is often sunbumed. The condition often shows up in the winter, but is usually a
result of damage done during the previous summer or fall.

All soils and waters contain salt, and when soi] dries out because of evaporation of moisture, the
salts become more and more concentrated. The plant, thirsty for water, sucks up the
concentrated solution and the salts concentrate in the borders of the leaves. Since they have no
efficient way to escape from the leaves, they poison the tissue. Hence, while the normal remedy
of salt-laden soil is to leach it thoroughly and wash out the salts, it is usually too late by the time
the tree shows the ahove-described sympioms. The best that you can do is to try to avoid a
recurrence of the condilion.

B. Suffecation. [tis very easy 1o overwater a young avocado plant and suffocate the roots. The
roots seem to need oxygen-laden air in their environment. If it is not present, they simply cease
to suck water from the surrounding soil, even though it is thoroughly saturated. The leaves of
the plant then wilt; many of them fall off, leaving a weak, sickly, sunburned stem with perhaps a
few small leaves on the tips of the branches. Such a tree is not worth saving. Dispose of it
immediately.

Glilarngs

Chlorosis is another common problem and is most commonly associated with a deficiency of
available iron. Some general paleness may be due to nitrogen deficiency, but is normally of a
milder form. Although iron is an extremely common element in the universe, and most of our
soils contain quantities of it, under cenain alkaline conditions it is unavailable for plant use.
When this occurs, avocado trees become pale yellow, and in severe cases, their leaves begin to
bum. The leaves may drop. This condition is detected in its early stages because the new,
normally maroon or rich red growth is orange-ish or yellow-ish in hue. If the condition is not
corrected, the tree will be weak, lose its leaves, and be unproductive. There are two common
countermeasures to iren chlorosis, when it is correctable -- and it usually is.



Countermeasure number one is to apply readity available iron. This may be accomplished by the
addition of Spring 138 iron chelate. If you have a chlorotic condition, we recommend as a starter
for corrective measure, a one-shot application of one pound of the chelate per 1,({0 gallons of
irrigation water. For constant feed, use two ounces of the chelate per thousand gallons of
irrigation water.

There may be other chelates which will serve as well. However, if your tree is chlorotic, we
recommend immediate corrective action according to the above formula. Fool around with other
brands and types later.

Counter measure number two is to stop irrigating so often, and to let the root zone try out more.
Often, too soggy soil will cause a deficiency to available iron in leaves. The leaves may contain
plenty of iron when analyzed, but for some reason, it is unavailable. Of course, this treatment
invites the danger of exeessive salt accumulation, as described above in A., but one must simply
work around two problems instead of one. Water less often and leach periodically.

The over concentration of soil water may be your whole prohlem or none of it. In any case,

apply countermeasure number one, and then consider the probability of 100 wet a soil
environment.

i | Y

Zinc deficiency is sometimes detectable by a blotchy kind of yellowness between the veins of the
leaves, but is difficult to definitely diagnose in this way. Itis positively diagnosed by the
presence of short leaf inter-nodes and long, narrow, small leaves concentrated at the tips of
branches. Fruits are small and abnormally spheroidal. The condition may be corrected by an
application of a spray of one pound of zinc sulfate per 100 gallons of water, with spreader added,
when the new leaves just become physically expanded. This is usually in June or late summer.

It may be corrected, also, by soil applications of zinc chelate but these must be applied carefully,
as It is easy to kill trees with the material. Apply at the rate of :

Corrective action: 4 oz. zine chelate per 1,000 gallons irrigation water, one time only.

Constant feed maintenance: 1/3 oz. zinc chelate per 1,000 gallons irrigation water.

2/4/75Rev. 12/88, 6/99



Characteristics of Avocado Rootstocks

Toro Dusa Latas Duke 7 Borchard Thomas Zentmyer Uzi Maexican G-6
Canyon Merensky 2 Merensky 1 th) PP (h) PPI5 (h Seedling
| l

Normal Propagation Method Clonal Clonal [ Clonal ! Clonal Clonal Clonal Clonal Clonal Seed Sl
Productivity "Clean” Soil - a 3 4 | f 4 ' 2 2 35 3 3
Productivity "Root Rot" Soil - b 35 3 | 4 1 2 3 5 5 r 15
Tree Size "Clean" Soil - a 4 5 5 - 5 <] 5 5 5 3 5
Tree Size "Root Kot Soil - b 3 4 :! [ 2 05 4 < 5 @y |
Tolerance to P. cinnamomi - < 35 o 15 3 0.5 15 5 5 )
Tolerance to P. citricola - d 5 ) ? 4 3 2 3 4 3 1 1)
Salt Tolerance - & 35 4 3 3. _ 45 1 i 4 2 2 |
Tolerance to Lime-Induced Chlorisi 3 7 ? 1 5 3 ? 7 B 2
Frost Tolerance - £ 4.5 4.3 45 4 45 15 5 ? 45 15 N
Tolerance to Dothierella-g 5 ___ & 3 e 5 5 5 2 4 B LY 3
Horticultural Race Mexican Mex X Cuat| Mex X Guat. Mexican Mexican Mexican Mexican Mexican Mexiean Mexican |
Farentage Escape Seedling] Escape Seedling Escape Seedling Duke Escape Seedlingl Escape Seedling! Breeding Plot | Breeding Plot Collection
Geographic Origin Carpinteria 5§ outh Afnica | South Adrica Riverside Oxnard Escondido Riverside Riverside Mexico Guatimala

Legend: 0= Poor, 5= Best

Ranngs by | Menge. G. Bender, and ML Arpaia 2002

Foomotes

2. Yield and canopy volume expréoed 48 percenitage i companton io Topa Topa (Mexican sevdimg),
based on 7 years of data {6 years for Themas) at South Coant Frold Sstion (Arpaia et Al 1993}

b vield and canopy votume oxpressed as parcentage in com

«. Conmolidation of performance at young replant fals, ratings by 1. Menge
d. Results from greenhouse mialk by A, Alizadah and | Menge {unpublished!

Rootstock teial in sand tanks treated with three levels of sahne water (Oster and Arpaia, jualy

i Obmervations of ungrafted rootsiocks by G. Bender and J. Menge alter freezes in J9RE-1991

B

Mo roctstocks withstand prolonged soil saruration

. Results from greenhouse mials by A, Allzadah and |, Menge (unpublizhed)
h. Mot commerdally available as of [1/12/02. Many horticultural charactenstics are prelinmunary orunknown

parion to Thomas jconsohdated data from §. Menge. 2002}
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Care of Citrus and Avocado Trees
by
W.H. Brokaw

The Sleeve-Grown, Fully-Leafed Tree:

A fully-leafed, sub-tropical evergreen must be treated differently than the standard, deciduous,
temperate plant. 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:
e Never lift or carry them by grasping the trunk or stake, and
e Be sure the tree is lowered into, and correctly set in the planting hole before you shit the poly
container.

Water the Tree Right After Planting:

The planting of citrus and avocado trees is different from deciduous trees. Your new tree has a
large number of active, working leaves which must be kept well supplied with water at all times
s0 as to function and not wilt. Since the ball 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 important that the tree be watered immediately after planting since these surface
roots will otherwise be unable to function properly.

ave the upper surfac the ball eXpos

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

Specific Planting Steps:

¢ Diga hole much wider than the ball of your tree. 18 inches wide is an ideal hole. If your
soil is good you need not add any soil amendment to the hole. Avoid
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 backfill with
6" to 8" of loose soil or soil/compost mixture to stabilize the tree before removing the slit
container. It is important that the rootball is not moved after the container is slit.



Pull the plastic tube container out of the hole and away from the tree to discard it. The poly

container is not degradable but may be recycled. This will leave the roots exposed on the
surface of the ball.

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

{1 i3 important that the loose soil you put back in the hole be free of large clods, as these do
not dissolve easily with water and will cause air spaces which are injurious.

The upper surface of the ball is left exposed so that you may add water directly to the ball,
even after the 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 the bottom of it so that all

water drains to the exposed surface of the ball. The basin should have 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 drain, do not refill.

Reform the bottom of the basin, as the dirt in the hole should now have settled somewhat. Be
sure that the top of the ball is still exposed.

It is a good idea, once the basin has stabilized, to cover the bottom with straw, sawdust or
some other mulching medium.

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

Once your tree becomes established and the roots start reaching out into the sur-rounding soil
(usually about | 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 extend 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 have four to five emitters spaced in a ring around the tree near the drip
line.

Under normal circumstances, water Lhe young tree every 5 to 10 days for a period of 6 to 10
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 to remain soggy; a
happy medium is mandatory.

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



Waltenng:

Do not allow the ball - 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, characterized by good intemal drainage which doesn't
allow them to remain soggy. Therefore, once your tree has begun to establish a root system,
keep the soil damp but not soggy. Water deeply. We recommend the use of a soil core probe,
slanted toward the side of the ball so that it penetrates the ball about 12" below the soil surface,
in order to determine soil moisture. Apply water according to the needs of the tree.

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

Warning: Avocado roots are very easily suffocated hy excessive water. This problem is most
severe between planting and the period when the roots reach out into the surrounding soil. This
means that the trees are particularly vulnerable when planted in the fall. Therefore, under no
circumstances allow water from rains or other sourees (o 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. If the tree is planted on a slope you may consider placing
a diverting trough above the tree in such a way as to 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 sloping to 5' to 8’ bases or plant the trees in raised beds. This allows optimum aeration
for the root and assures the proper planting height.

Fertilization:

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

Sprinkle a tablespoon of nitrogen-bearing fertilizer (ammonium nitrate, 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 one area. Increase the dosage gradually according to the increasing size of your
wree. Apply the plant food around the drip line, 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 Ibs. of actual nitrogen per year
(ammonium nitrate is 32% actual nitrogen). This can be taken care of by sprinkling 1 to 1 1/2
Ibs. of dry ammonium nitrate on the ground around and beneath the skirts of the tree two or three
times a year. Wash the fertilizer into the ground with a good soaking (2 inches of water). Early
spring, summer and fall are good times for fertilizer application, as the roots will be active then.
You may, as a special precaution, add also, a half pound of Ciba-Geigy 138® iron chelate 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 proporionally according to the area of tree canopy.



F tecti

Young citrus and avocado trees are very vulnerable to prolonged frost conditions. However,

there are certain precautions you may 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
tree when winter is over even though the exposed parts of your tree are killed. 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 even more effective insulation to preserve the bud union is a collar filled with sawdust to a
point 6 to 12 inches above the union. The collar may be 5 or 6 inches in diameter. It is almost
impossible to freeze tissue within this 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 with the foliage and matted
around the branches to serve as an insulating mass. A suspended canvas and wood canopy above
the tree will help. Under very extreme conditions, people have erected tents and placed lighted
electric bulbs within the structure. Remember two things:

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

o Trees do not survive well in darkness, so the tree must be allowed to see sunlight during the
day.

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

Weeds And Pests:

If 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 t0
grow in this area and apply no systemic weed killers that may be absorbed by the tree roots.

Insect pests rarely damage avocado fruit trees. Allow a bit of nibbling. Citrus pests arc often
aggravated by ants. Low branches on citrus trees should be clipped so they do not droop to the
ground allowing ants access 1o the tree. If ants can only go up the trunk they can be easily
controlled and eliminate many pests.
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AVOCADO SOIL AND WATER REQUIREMENTS
SOIL pH

It is generally 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 some other problem from either toxic mineral or
deficiency.

SOIL SALINITY

Avocados are fairly sensitive to soluble salts whether derived from natural sources or due to
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
millimhos 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
salinity 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 sodium 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 SALINITY

This feature is measured in several ways, one of which is conductivity usually expressed as
micromhos per centirneter (EC X 106) and also as total dissolved solids (TDS) 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 level 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 TDS of
700 to 850 ppm.

SODIUM STATUS OF WATER

This is usually expressed as SAR which takes into account the proportion of sodium to
calcdium and magnesium. Values in excess of 5 should be avoided. Ideally, the sodium
concentration in the water expressed as milliequivalents per liter (meq/1) should not exceed
3,

WATER CHLORIDE 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 considered dangerously high.

WATER BORON CONTENT

Avocados are moderately sensitive to excess of boron and concentrations in excess of 0.7 ppm
in the irmigation water would be considered dangerous.

To evaluate the effect of water, soil and fertilizer practices it is helpful to carry out leaf
analyses for the elements of interest and concern. This fairly critical method of determining
what the plant is actuaily absorbing is commonly used in commerciai avocado production.




PATYTOPHTHORA DISEASES

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

By Michael Coffey, Ph.D.

Phytophthora cinnamomi is the cause of this extremely destructive disease of the leeder
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 six hours 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, moist conditions producing
many more zoospores. In addition, soil aiready contaminated with P. cinnamomi contains
decaying roots which hold mycelium and chlamydospores (thicker walled, survival
spores) and these structures are highly infective giving rise to sporangia and Zoospores.
Physical movement of wet soil is a common method of spread of the disease, bolh within
a grove and from property Lo property.

P_cinnamomi is known to be parasitic on over 1000 different host plants, including
ornamentals and many [ruit trees. Since P. cinnamomi is widespread in most countries
where avocados are grown, and as il can survive in soil apart from a host, there is no
ornamental planting which does nol pose a threat 1o avocado production.

An outline for Integrated Disease Conirol
There are five principal [actors to consider:

1. Nursery practice
2. Cultural practice
3. Clonal rootstocks
4. Biological control
5. Chemical control

1. Nursery Practice. In California, the avocado certification program outlines
conditions to minimize the possibility of 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 mixes.

b. The propagation of all trees on benches

c. The provision of adequate drainage within the nursery 10 minimize the risk of
spread of P. cinnamomi.



d The periodic sampling of tree roots jor P. cinnamom: during the 2-vear
production period.

e. The avoidance of the use of fungicides such as RidomilR and AlietteR to prevent
suppression of P_cinnamomi thereby hampering early detection.

2 Cultural Practice. Since P. cinnamomi is [avored by wet conditions, irrigation
and cultural practices should aim to minimize the effects of excessive watering including:

a. Provision of a well drained soil, especially in heavier soil by planting on mounds
or ridges.

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

3. Clonal Rootstocks. Development of clonal rootstocks Duke 7, G6 and G755
have revolutionized concepts about avocado planting. These rootstocks have moderated
field tolerance to P, cinnamomi and therefore require special care in the provision of
proper planling conditions including well drained soild and adequate drainage conditions
(ie. planting on mounds).

4. Biological and Cultural Control. Some scientists conclude that the main
effect of biological control is primarily cultural, by providing a good physical and chemical
environment for root growth, and a generally suppressive biological soil environment for
P.cinnamomi. An exciting possibility for the near future may be the incorporation of
specific antagonistic microbes with clonal rootstocks to reduce root rot in the
establishment years, possibly in conjuntion with a fungicide such as Ridomil® or Aliette®

5. Chemical control. There is no good evidence with avocados that fumigation
(methyl-bromide, VapamR , or MyloneR) is necessary. With the development of chemicals
such as Ridomil® and AlietteR which are highly active specifically against P. cinnamomi
new possilbilities of disease control have recenily emerged.

Chemical control research continues with:

a. Preventative nursery treatment of clonal rootstocks at planiing time.

b. Post-plant alternation of Alietie® and RidomilR for stable disease control.

¢. New methods of post-plant treatment including tree injections.

Summary of disease control. The critical factors for adequate control of avocado root
rot are the planting of a good clonal roolstock, careful cultural practice and intelligent use
of fungicides. This is an integrated control approach and does not rely excessively on any
saingle method for reducing the impact of root roL
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Avocado Clonal Rootstock Characteristies

Rootstock Tolerances/Advantages Suceptibilities/Disadvantages
root rot, 2
Toro Canyon citricola crown rot, | wet feet

salinity, 1
production, 2

root rot 3
Duke 7 citricola crown rot, 2 wet feet
tree color
salinity, 2
production, |
root rot, 1 citricola crown rot, ?
Thomas production, 2 salinity
wet feet
lime-induced chlorosis root rot
Borchard production, 1 citricola crown rot, ?
wet feet
Barr Duke root rot, 2 wet feet

production, ?

root rot, 27 wet feet
D9 small tree size,?
production, ?

Dusa (Merensky 2) root rot tolerance, 1? wet feet
Production, 1?

*The numerical rating following some characteristics indicates a retative relationship with other rootstocks so marked. 1 is best
*Question marks are assumplions based on inconclusive, ongoing research,
*Research summaries are published in the California Avocado Society 'Y carbooks.

*No avocado roolstocks are able to tolerate prolonged peniods of soil saturation.

Brokaw Nursery, Inc. Phone (805) 647-2262
P.O. Box 4818, Saticoy Ca 93007 Fax (805) 647-6493
www.brokawnursery.com
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DRY NITROGEN FERTILIZER DOSAGE RATES
For Young Avocado Orchards

The following table is a recommended fertilizer rate sheet for hand application of dry
nitrogen-bearing fertilizer for young avocado trees. Itis a kind of compromise between
conventionally recommended rates 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 this will depend on your water and soil composition.
All computations assume approximately 110 trees per acre.

Frequency | Total Weight/Tree/Year |Total Weight/Acre/Year Appr;:;.r 231;1?2;1?:; 80

Year of : .
applications | N* | oeh AN e [ ures ?J?]tr::tz Ures 46% olrmaﬂ‘;g‘t:m

1st 1/mo |1/81b ) 4490z 5.70z |12.51b| 281b | 36 1b 5/4 Ths. 1 Ths.

2nd | 6x/year |1/41b | 89cz|!11.40z| 251b| 551b | 711b 3 Tbs. 4 Ths.
(Feb, Ap, Jn,
J1, Aug, Sep)

3rd | dx/year  [1/21b| 1806z | 230z |S501b |111 1b[1431b| 6 cupsor | .8cupsor
(Feb, May, 9.5 Tbs. 12 Tbs.
July, Sept)

4th 2x/yesr [1/21b| 1802 | 230z [SO01b |111 1b[ 14316 1.3 cups | 1.6cups
(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 arca such as by rain or by sprinklers, broadcast the material
over the root zone so that it is not concentrated in one spot.




Avocado Tree Physiology — Understanding the Basis of
Productivity

New Project: Year 1 of 5

Primary Rescarchers. R. L. Heath, M. L. Arpaia
University of California
Depr. of Botany and Plant Sciences
University of California
Riverside, (C4 92521
Phone: 909.787.5925 (RLH); 559-646-6561 (MI.A)
FAX: 909-787-4437 (RLH); 359-646-6593 (MIA)}
e-mail: feathf@citrus ucr.edu; arpaiai@uckac.edn

Benefits to the Industry

A grower's margin of profit is the difference between the input costs to produce a marketablz 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 southern Califorma conditons, which can expenence
rapid changes in temperature and relative humidity, provides a challenge under the best of conditons. "Hass’
productivity in Califomia tends 10 be [ess than in other countries such as Mexico, Chile, New Zealand and South
Afnca where environmental condinons are less stressful.  Additionally, increesing market competition from other
counines is pressuring the Califorma grower to become increasingly ingenious in orchard management practices so
that profits can be made. . These practices include changes in how imigation of orchards and management of tree
s1ize.  Incresing numbers of prowers are pruning older trees or comsidenng high-density plantings. Canopy
management strategias hinge on effective light management to increase fruit size and production. Unforiunately, the
science behind the cument strategies used to manage tree canoptes and tree water status are poorly understood. We
do not understand how the 'Hass’ avocado responds to either light or water smress. This project will examine in
detail the response of the avocado leaf to light, temperature, and changes in light and temperature according to
carbon assioilation {which fuels both tree and fruit growth) and changes in evaporative demand (which govemns the
amoumnt of water the tree requires). The outcome of this project will be a better understanding of the tree’s response
10 environmental stress. This in tum will allow us to develop a canopy model of total carbon assimilation that will
predict the effecis of changes in refative humidity and temperature upon the assimilation. This research will provide
ihe framework for predicting tree and canopy management strategics to optimize productivity.

Project Objectives:

1. An understanding of the effects of environmental vanables {light, temperature, and relative humidity) on avocado
leal prs-enchange and carbon assimilanon, essennal for plant growth and fruit production.

2. An understanding of the developmental physiology of avocado leaves and how this relates to canopy
management.  In paricular how many layers of leaves within the canopy will support & positive carbon
balance 1o the plant and how the duration of |ight flecks through the canopy can induce a positive carbon
balance.

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

Assimilation as Affected by Relative Humidity

This year our work centered upon atr relative humidity and how changes in it could alter efficient photosynthesis.
When, the humidity is very low, much more water evaporates out of the leaf through the stomata (transpiration).
Under the best of conditions water from the soil flows through the xylem and wall spaces of cells 1o replace this lost
water by (ranspiranon  Unfortunately, often soil water potential' is low and that soil's water cannot replace the
wanspirational logs. Furthermore, resistance to flow within the tree through the xylem system causes a delsy m the
water movement, and thus the waier lost through transpiration cannot be replaced rapidly enough to maintain the
water potential of the leaf. The leafs water potential govemns the stomata gas conductance’ and many metabolic
processes so it is critical for the leaf 1o keep the potential es high as possible.Jt ig our hypothesis that the avocado
leaf can support some transpiration loss but as the relativiry humidiry falls, the free {and the soil) cannot supply
enough water and the water potential of the leaf falls. The immediate consequence 1s that the stomata close o
prevent the high transpimational loss. Stomata closure wall Lmit CO, entry, which is the cntical metabolite of
photosynthesis. These relationships are shown in the next two figures. '

Figure | shows the water potential of a teaf, when 1t is held under a constant transpiration siream held for either | or
3 hours in cotion. After one hour the minimum leaf water potential is about -520,000 Pascals (about — § bars). Even
for relatively high transpiration (1.5 mmol/m’ sec) under these conditions, the water delivery system can maintamn
the water potential a1 a reasonable level. However afier 3 hours of the high transpiration, the water delivery system
{from soil through the xylem system) begins to fail and the leaf water potential beguns to deciine (reaching neary -8
bars). Long-erm transpiration shows the limitations of the system and the leve] of the water potentizl reaches a
cnucal stake,

The actual dependence of the leaf stomatal conductance upon the leaf water potential is shown in Figure 2 for
Oleander. There seems 1o be a threshold from 0 to sbout -6 bars where the conductance remains high  After the
leaf falls below this threshold, the stomata begin to close reaching only 10% of full opening at —18 bars (generally.
marked as a wilted leaf). This is true for many other plants but the actual Jevels of threshoid and amount of
conductance will vary wath species. We don't yet have good numbers for these types of measurements for avocado.

Of course, the stomatal conductance’ {or aperture) direcily affects the photosynthetic productivity since the
movement of carbon diox:de into the leaf is directly proportional to the stomatal conductivity as:

Assimilaton = conductance x {difference 1n CO; from owside to the inside)

The amount of light, which is absorbed and converied into energy to drive photosynthesis, alters the CO; level
mside the leaf and o affecis assaimilation, but, with all else being equal, the conductance directly affects the
assimilation rate.

Leaf Chamber System

Our leaf chamber system functions by measuring the photosynthetic responses of discs cut from fully expanded
leaves. Water surrgunds the cut edge of the leaf to provide high water potential such thar the leaf shouold suffer only
minimom water potential deficits. These measurements should indicate the maximum efficiency of photosynthesis
when water potential 15 near maximum

Using the continvous monitoring capsbility of the leal chamber, we have been studying the tme course for partial
closure of the slomata. We have changed the maintenance of our tees from which we collect the leaves for the Jeaf
chamber experiments. These data were taken from leaves from small trees kept within green houses (with

" The concept of water 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 liquad water defined as O bars or Pascals. Nearly
anything done to water {evaporation or the addition of salis) will lower the water potential so that typically soils are
-3 bars or for very dry soil, -25 bars. This means that water will tend 10 flow into that soil and the plant must
expend constderable energy o exiract water from that soil.

Stomauwl conductance is a measure of the flow of gases through the stomata and is generally in units of moles of
the gas flowing through & square meter of leaf surface per second. Conductance is low when the stomata are

anially closed and when they are fully open, conductance 1s maximum.

Often stomatal conductance is abbreviated as g.
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controtled temperature and no myury nor pests) These leaves had siomata conduciance and assimilation rates as

indicated in Table 1. Before the light illuminates the leaves to drive photosynthesis, respiration can be measured
(expressed as a ncgative number in Table 1). Both the respiration and assimilation are reasonable compared with
other troe crops. The stomata are not completely closed even after long periods of darkness, which allows the
determinanhon of respiration by measuning the amount of CO; released into the gas stream surrounding the leaf disc.
We expected to be able to see a difference between younger and older lesves, bui the data scatier and the apparent
small differences made 1t impossible to statistically demonstrate any dissimilanty (see Table ! Section B).

Within the leaf chamber a low relativity bumidity rarely affects the stomatal conductance. Onee conduciance
reaches a steady siate level, it remains at that level for hours (see Table 2). The conductance rarely declines, even
when the relative humidity of the air stream 15 lowered from the normal of 37% 10 & very dry 14%. On the other
hand the temperature of the leaf rarely rises above 25 C, which is unlike a warm summer day where the ar
temperature can easily reach 35 C (95 F). So though the relative humidity is very low, the water vapor gradient
from the leaf to the air is small because the temperature is low”.

These are not unexpecied results, as water should rarely become & problem in this sysiem. The cells within the 1eaf
disc are not very far fom & source of water at the cut edge, and so the leal water potental should not fall to a tow
value,

Light Intensity

Light intensity 1s critical for high levels of photosynthesis 1o provide metbelites (ininally carbohydrates) to the
plant and developing fruit. We suspecied that in avocado the light dependence of photosynthesis was lower, but
needed to demonstrate it

The methodology to probe photosynthetic light dependence was made available using the leaf chamber. Afier the
ieaf within the chamber reached a steady state lzvel of gas exchange after about 50 —60 munutes’, the light intensity
was decreased with neutral density filters® Each level of ntensity was held for about 5 munutes, which is long
enough such that the assimilabion rate can be accurately measured yet short enough to prevent the siomata from
closing 1o limuit COy exchange A typical curve 15 shown in Figure 3JA This cycle can be repeated if the light
intengity is retumned to 100% for about 45 minutes in order for the steady state of assimulation to be re-established.
Typical curves for young and old leaves are shown in figure 3B, Interestngiy the maximum essimilation {A,,) 15
higher for the younger leaf, while the half-saturation {K; ) is lower.

These data are taken under condiions where the stomata do not limt CO, exchange. These are the maximum
extrapolated values for photosynthetic assimilation and may not be reached when tbe stomatal fimitasion is factored
mn. In fact, under our condinons after the light illuminates the leaf disc, the assimilation rate tracks the opening of
the stomata, and under most conditions the stomata reman the limiung step for assimilation This may explain why
we did not see any statisncel difference in stomatal conductance between younger and older leaves when the leaf
disc was under high light {see the last section). The stomala conductance was aligring the possible higher
photosynthetic rate and thus both types of leaves responded similarly.

Relative Humidity

We have had considerable success in our measuroments of stomatal conductance of leaves which remain on trees
kept in the growth chambers (where the relative humidity can be precisely controlled). We measure the conduciance
on & series of feaves in the moming and in the late aftemoon. After examination of the data, we found that
relationships are more easily seen f we examine the ¢hange or difference in the conduciance from the aftemnoon to
the morning. as {g-PM} - {g.-AM)} as Ag. This difference is comrelated to the conductence in the moming. If the
moming tonductance 13 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 remperature places a much greater force to remove water from the leaf than the same relarive
humidity at a lower temperature.

* Under these conditions the assimilation rale js ofien limited by stomatal conductance and, more importantly, any
decline 1n hight intonsity wall be ulimately balanced by a partial closure of the siomata to re-establish that balance.

* Neutral density filters are constructed such that the light quality or dependence upon wavelength or color of light
1s not altered as the intensity is uniformly decreased The intensiry of the light was lowered but the general color of
the Jight was not aliered.
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afternoon conductance is quile a bit lower. However, if the moming conductance 15 low, the lower water loss leads
{0 maintenance or even an increase of the conductance in the afternoon. Typical data are plotted in Figure 4. The
relationship described above seems to hold very well for the varied experiments.

We have developed a model for this and are currently validating it {see Figure 5). More imporiantly, one would
predict that a higher water loss (that is, for a given conduciance, a lower relative humidity of the ambient air) would
lead 10 a lower conductance i the afternoon, which would increase the slope of the hnes in Figure 4. The
parameters presented above are the least squares regression of the tines’ 1n Figure 4. Generally these are for 12-18
jeaves in each tial. In most case, the constant of the regression declines slightly, while the slope increases up to
nearly two-fold This means that for a drier atmosphere in the afternoon, the conductance {compared with the
moming velve} falls further than for a wetter atmosphere, leading 1o a larger impairment of the assimilation capacity
of the leaf Since it appears that assimilation is limited by the stomatal conductance under most cases, a drier
atmosphere in the aftemoon would have striking effect on produchwty.

Other Aress

We are beginning the work that will allow us to measure total leaf conductance of a branch. We have purchased and
are using on trees in green houses a sap flow monitoring system. It is a highly sophisticated system, which requires
a great deal of understanding to make it work properly. Yet the data thus far pgathered suggests that this
measurement of sap flow will allow us 10 test our concepts in the field with changes in relatrve humidity induced by
spraysng water into the air around trees. The data will be incorporated into 2 model that wail allow us to predict
what we expect the stomata to be doing from simple micrometerological data, such &s air temperature, relative
humidity, light intensity and wind speed. Once we can predict stomstal conductance, we should be able to predict
photosynthetic assimilation and productivity. :

References
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" Regression is for; [{g.-PM) - z.-AM] = constant + slope x {g.-AM}, &s 1s plotied in Figure 3.
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Table 1 Part A. The Response of Gas Exchange to IHumination. The data were collected in the Leaf Chamber,
before and after the leaf disc was illuminated by 1550 imole light/m* sec (about % of sunlight). The assimilation
before illumination was actually a measure of tespiration. The data are for a total of 5 older leaves and 6 younger
leaves.

No Light (Respiration) Light (Steady Photosynthesis)
Conductance Assimilaton Conductance Assimilation
{mmolim’ sec) (Lmol/m® sec) (mmol/m” sec) (pmol/m” sec)
Average 713 -0.13 15.43 1.43
Std. Dev. g 88 0.23 4.52 0.58

Part B. The Response of Gas Exchange to [llumination for Older and Younger Leaves. The data were
collected as above, but the analysis was on the basis of younger (but fully expanded) and older Jeaves, as judged by
the cotlector of the leaves. There is no difference (to within 5%) by the Student t-test of older and younger teaves,
in respiration or photosynthesis.

No Light (Respiration) Light {Steady Photosynthesis)
Conductance Assirnilation Conductance Assimifation
{mmol/m® sec) (mol/m” sec) (mmol/m’ sec) (umol/m’ sec)
Older Leaves
Average 292 0.02 16.04 1.69
Std. Dev. 2.12 0.31 3.41 0.6]
Younger Leaves:
Averpge 993 0.20 14.93 1.21
Std. Dev. 1043 0.12 522 0.46

Table 2. The Stbility of Leaf Discs o Longer Periods of lllumination under Varied Refative Humidity. Data
were collected as described in the text and in Table 1. These data are for leaves that had reached a constant
trenspiration and were exposed to light for 3 more hours, with relative humidity either at 37% (no change) or
dropped 1o 14% (indicated as shift in refative momidity). There was no change in either the conductance or in the
assimilation observed from the rate daia throughout the test or as tested by Students t-test to 5% significance.

No change in relative humidity Shift in refarive humidity
Conductance Assimilation Conductance Assimilation
(mmolim? soc) (rmol/m” sec) {(mmeol/m” sec) (umolim’ sec)
Average 14.9 1.32 16.6 1.86
Std. Dev. 48 0.75 6.0 1.13

Table 3: Dependence of assimilation rate upon the light imensity. The experiments weee performed as described
in the text and Figure 3, where the stomata were not limiting The assimiation-intensity relaton was used ‘o
determune the kinetic parameters, in which: assimilation rate followed Michaelis-Menten Kinetics or rate =
maximum assimilation x intensity / {imensity + half-saturation_intensity}.

Leaf Maximum Assimilaton Half-Saturation Intensity
(umol/m® sec) {umoles of photons /m” sec)

Young 2074017 270+ 20

0ld 170+ 0.59 560+ 160

75



Figure 1, Changes in the leaf water potential with vaned
amount of transpirational water loss. (shown to the right)

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

Inflience of Transpiration upon Water Potential

from Bunca, 1978
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Figure 2. Dependence of Leaf Stomatal Conductance
Upon the Leaf Water Potential. (shown to the right)

Data are taken from Brinckmann et al., 1984, for Nerium
oleander. The leaf water potential was altered by allowing
the soil to dry out naturally over 7 to 8 days. The water
vapor deficit pradient (dependent upon the relative
humidity of the air) was held constant at 10 mBar / Bar air
pressure during the measurement of the leaf conductance.

Dependence of Conductance Uipon Water Potential
from Brirckmann of al., 16684
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Figure 3. Typical Experiment for the Determination of the
Assimilation Dependence upon Light Intensity.

After steady state was reached (under full iilumination,
generally about 1500 jEinsteins/m” sec of white light, from a
wngsten filament source), neutral density filters were placed in
the light path as indicated on the right hand figure [at the top
figure] These values are in optical density {(OD) and are
converted to intensity (% of full) by 10°°. The figure below
shows the converted assimilation and intensity relationship for
younger and older
leaves.
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Figure 4. Part A. Conductance Changes Berween Moming (AM) and Afiernoon (PM) Induced by Relanve
Humudity of Chamber.

The conductance was measured using the LICOR 1600 Porometer in the moming or in the afternoon over a 2 hour
period. Between the measurements (just before noon) the relative humidity within the Growth Chamber was either
not changed {(moming RH was about 45%) or lowered to approximately 20%. This plot emphasizes the change in
the conductance in the afternoon by subtracting the moming conductance from it. This is a typical curve found
during one week expenment. The slopes of the line are indicative of how greatly the afternoon conductance
depends on the moming conductance .
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Part B. Summary

The experiments were done as above. Fifteen weeks of measurements on 8 different trees generally gave
the results as above, but experimental scatter makes it difficult 10 express. Here we took averages for each week for
several trees and many leaves and then plotted the results. The data are similar to above; the slope of the line is
greater under a shift in RH from AM to PM.
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Figure 5. Modei of water flow.

A model of water flow in Avocado was constructed tn which

the conductance was govemed by a curve that looked much RCK o el v R e e
fike the one of Figure 2 and is shown o the nght. The loss of e
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conductance of the leaf (and thus slow water loss). Important
in this model 15 that the lowenng of the conductance will

for the final PM relative humidity (left side, below) and MY -
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AVOCADO TREE PHYSIOLOGY — UNDERSTANDING THE BASIS OF
PRODUCTIVITY

New Project: Year 2 of 5

Primary Researchers: R. L. Heath M. | Arpoia
Cooperaior: Michael V. Mickelbare*
Umniversity of California
Dept. of Botany and Plant Sciences
University of Califorma
Riverside, CA 92521
* (MVM) Soil, Plant & Ecological Sciences Division

P.O. Box 84, Lincoln University
Canterbury, New Zealand

Phone: 909-787.5925 (RLH); 559-646-6561 (MLA), 64-3-325-281 1 ext 8202 (MVM)
FAX: 909-787-4437 (RLH), 559-646-6593 (MLA), 64-3-325-3843 (MVM)
E-mail- heath@citrus ucr edu; arpaia@uckac edu, mickelbm@lincoin.ac.nz

Benefits to the Industry

A grower’s margin of profit is the difference between the input costs to produce a marketable
crop and the cutput, 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 southemn California conditions, which can experience rapid changes in temperature and
refative humidity, provides a challenge under 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 10 orchard management practices so that profits can be made. . These practices
include changes in how irrigation of orchards and managenent of tree size. Increasing numbers
of growers are pruning older trees or considering high-density plantings. Canopy management
strategies hinge 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 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 assimilation
(which fuels both ree and fruit growih) and changes in evaporative demand (which governs the
amount of water the tree requires). The outcome of this project will be a better understanding of
the tree’s response to environmental stress. This in turn will allow us to develop a canopy model
of total carbon assimilation that will predict the effects of changes in relative humidity and
temperature upon the assimilation. This research will provide the framework for predicting tree
and canopy management strategies to optimize productivity.
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Project Objectives:

1. An understanding of the effects of environmental vanables (light, temperature, and relative
humidity) on avocado leaf gas-exchange and carbon assimilation, essential for plant growth and
fruit production.

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 positive carbon balance.

3. Development of a model of carbon assimilation and allocation 1n avocado that wall allow
growers t0 make informed decisions on horticultural practices and will aid researchers in
developing future research endeavors.

Summary of this Year’s Progress

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

o The high evaporative demand induced by high temperature closes the stomata routinely
in the afternoon similar to a shift of refative humidity to a lower value. The conductance
in the morning influences greatly the change in the conductance in the aftemoon.

s Assimilation is highest from 20-24 C and then declines nearly 80% (from 7 to 1
pmoles/m’ sec, at medium light levels) as the air temperature rises to 38C. Concurrent
with the fall in assimilation, the respiration of the leaf rises nearly 3-fold (from 0.2 to 1.1
pmoles/m” sec) over the same temperature range. The stomatal response with
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 account conductance of water vapor through the boundary fayer, which seems to be
limiting for the large avocado leaf at the low wind velocity,

* Wind (6 mph) increases the sap flow (and so the transpiration) by 31% within a green
house. If t]rls assimilation (limited by the conductance) is increased by the same amount
by raising ifs boundary layer conduction, then the productivity would increase by 31%
over midday.

o  While the light reflectance of a leaf is slightly 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% of the total.

« During the day only a small change in the sap flow between the ¢ast and west branch is
found (about 10-15%). The environmental data suggests that diffuse light (that light
which is reflected and scattered from the environment and tree) is nearly as good at
supporfing photosynthesis as direct light in Avocado.
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Detaits
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 of the plant to assimilate carbon through a process called
photosynthesis. The source of carbon comes from the atmosphere as gaseous carbon dioxide
(CO;). Onee it is converted into a stable compound (e.g. carbohydrates), the movement and
arrangement of carbon can vary, hut for ¢flicient productivity, should be directed into the
production and growth of fruit. Carbon dioxide enters the leaf through the stomata, which are
analogous to tiny pores that have the ability to open and close in response to light and water
stress among other factors. For efficient carbon assimilation the stomata must remain fully open
during the day so that photosynthetic conversion of CO; is maximized at the prevailing light
level; open stomata have maximum gas conductance, governing the speed of the gas movement'.
However, since the stomata also control water loss from the plant, open stomata can lead to
excessive water loss that is, unfortunately, harmful to the plant, especially when soil water is
limiting. Stomatal physiology is set such that water loss is minimized under most water stress
conditions, often at the expense of carbon assimilation. We wish to understand the mechanisms
that confrol the stomata, a sophisticated contro! system to balance water loss and assimilation—a
normal balance designed to maintain the well being of the plant, but not necessarily to maximize
fruit production.

In southem California during the spring and summer months which are cnitical for fruit set and
growth, rapid shifts to high temperatures and low rclative humidity can occur. This can result in
stomala closure early in the day thereby potentially limiting carbon assimilation and ultimately
fruit production. This cause and effect is made worse when the relative humidity changes from
relatively hugh (50%) in the moming to very low (<10%) in the afternoon, due to Santa Ana
winds, which bring about rapid warming of the air mass around the canopy with concurrently
tower relative humidity, It is our belief that high temperatures in the afternoon also 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 have suggested that another process, respiration, (a process that maintains the leaf by
buming stored carbon and releasing CO;) may be in operation. It has been shown in many plants
that at higher temperatures the respiration of the leaf increases much more rapidly than does
assimilatdon. Thus, respiration decreases the amount of fixed carbon (both as a percentage and
absolute amount) available for translocation to the fruit, which could impact both fruit set and
fruit growth. We have leamed that although relative humidity is important, air temperature, as it
controls the leaf temperature, may be even more important.

In 2001 - 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 environmental factors such as light and relative humidity atfect photosynthesis so

' The nomenclature is, photosynthesis. photosynthetic CO fixation, and (carbon) assimilation are the same and
equal to the rate of or amount per unit ime of carbon dioxide which is converted into carbohydrate (of all kinds) on
the basis of leaf area. Translocation is the amount of carbohydrate moved out of the leaf to some othes part of the
plant. Transpiration s the rate of water loss out of the feaf and 13 governed by the opening of the stomata in leal,
which is related to the conductance of water through the stomata.
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that growers and researchers alike can understand how orchard management decisions ultimately
influence productivity. This year (2002-2003) we are continuing and expanding those finding to
begin to generate a good mode! of how to manage the avocado trees.

Our 1ab has aleaf 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 CO;) and
transpiration {production of water vapor by evaporation within the leaf) can be measured with
two Infra-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 CO; assimilation and stomata conductance. The cut edge of the leaf disk is sealed in
3 separate compartment through which flows a water solation, Thus, the water potential of the
Jeal 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 of both respiration (the rate of CO; production in the dark) and photosynthesis.
Unfortunately we had problems with temperature changes between the production of the relative
humidity, the chamber and the measuring system. The lower room temperature induces a
lowering of the higher air temperatures, which does not harm our measurements as we monitor
air temperature carefully. However, the temperature change from the chamber to the IRGA
monitors is very detrimental as the measurement of the water vapor and CO, depend absolutely
upon the tempenrature in the monitor, which we can’t determine. We suspected that this would be
a problem and we are trying on more modification to change the leaf temperature without
generating artifacts of temperature changes. The technological problems made it impossible to
perform the experiments we wished to, but we detennined the temperature dependence of
assitntlation and respiration using the growth chambers and small trees (see later section).

Om 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 to a low value due
to a loss of water from the tissue; ABA is the signal to the stomata to close and so to conserve
water. Typically the rocts produce ABA due to the depletion of water within the soil; the ABA
then flows to the leaf via the ranspiration stream. To ascertain that the avocado stomata
responded nomnally to ABA, we infiltrated the leaf with ABA (at 20-50 pM) m the water
solution bathing the cut edges of an avocado leaf (Figure 1). ABA cansed a drop in the
conductance within 5-10 minutes and assimilation followed that drop, again demonstrating that
the assimilation under these conditions was governed by the conductance (a finding of last year).
The ABA infiltration was stopped after an hour {(when the conductance decline leveled off), but
the leaf did not recover since the ABA was still within the leaf. It generally requires an hour 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, which
indicates that if water stress induced ABA within the root, the conductarce of stomata will be
influenced and made lower. This is not especially surprising but it is important to demonstrate
that our thoughts about avocado’s physiology are correct.

Growth Chamber

Our large growth chamber, which has good temperature and humidity 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 humidity and temperature of the air rapidly. We are currently running experiments in
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which the air temperature was shifted to a higher level in the afternoon (much like an afiernocn
in southern California), but it required some work to settle on a temperature/humedity 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 the
actual water vapor pressure in the air and drives water loss from the leaf) is linked 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 curves look similar to those reporied last
year. Thus far, it appears that the high evaporative demand produced by high air temperature
closes the stomata routinely in the afternoon similar to a shift to a low relative humidity .
\Interestingly, the conductance in the moming greatly influences the change in the conductance in
the afiemoon. Low conductance in the moming gives rise to a very smali amount of lowering in
the afternoon, while 2 high conductance in the moming gives rise to a very large amount of
lowering of conductance in the afternoon. The high rate of water loss in the moming makes it

 crifical that the stomata close in the aftenoon. As we discussed last vear, the concept of a “set-

point” for the optimal stomata conductance seems to be the best way to think of how the stomata
change. Unfortunately for ease of prediction, the water loss of the day before seems to influence
the current day’s responsc. We have no clear picture of how to understand this yet.

We decided to change how we were measuring the leaves’ responses and began to use a LICOR
6200 system, which measures both assimilation and conductance, in the growth chambers. The
machine is larger and harder to use in the chambers but it gave us the opportunity to determine
how assimilation (measured by CO, uptake in the light) and respiration (measured by CO,
relcase or “negative assimilation” in a dark penod) operated at vaned temperatures. These data
allowed us to by-pass the problems that we face with the individual leaf chamber and allow us to
develop a relationship of chamber temperature verses respiration (CO; use in the dark, oblained
by covering the [eaf for a few minutes) and photosynthesis (the assimilation). Since we also
measured the stomata conductance by changes in relative humidity, we developed a relation of
temperature and conductance. These measurements are shown for a typical run in Figure 2. The
protocol of how the experiment was done is shown at (he bottom of the figure. It required about
an hour to develop a stable temperature in the growth chamber (after a shift), which is about the
same time required for stomata to change conductance to a stable value (see last year’s report).
We then spent about |5 minufes setting up the system to take 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 cbamber temperature over a day and with a
decrease in temperature over a day. While there is vaniation from day to day and leaf to leaf, the
general observation shown in the figure hold true for both an increasing and a decreasing air in
chamber temperature. Assimilation is highest from 20-24 C and then declines up to 38C {our
last temperature). [t is noted here that that decling is nearly 80% (from 7 to | pmoles/m’ sec).
Concurrent with the fall in assimilation, the respiration of the leaf rises nearly 5-fold (from 0.2 to
I.Ipmoles/m” see). Indeed, at the highest temperature measured here, the respiration rate is
nearly that of the assimilation rate’. There are two points about the stomata conductance: {1] it

* There is some question of how to express this because respiration is occurring during the assimilation

measurement. For this pamucutar graph, at 24 C photosynthesis is acumly measured assimilanion + respiration of
(6.8 + 3.0) — 9.8 pmoles/m’ sec while at 38 C photosynthesis is acrually (1.3 +1.1) = 2 4 pmoles/m’ sec or a decline
from the maximum of ] - {2.4 /2.8) = 75.5%
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does not change by much (generally about 3-6%) in our short dark period and [2] it appears to be
still limiting the photosynthesis as we have observed before (a plot of asstmilation verses
conductance js nearly linear). We have not completed all the evaluations for all the experiments,
but point [1] is absolutely true, while some of the limitation indicated in [2] may not be
completely true for all cases of branches/leaves.

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 of transpiration (Figure 3A). This sap flow system is placed upon
the bark of the branch and a small amount of heat is applied within a insulated container. The
temperature near the point of heating is monitored on both sides. The heat is lost by movement
through the bark up and down but a sap flow through the branch increases the heat loss on the
upwards side of the branch and so the temperature on that side is higher (Figure 3B). With
correct calibrations we can measure total transpiration of that branch.

We can set the system up on a branch and iet it run for at least two weeks. Once the heating is
adjusted so that no injury occurs to the branch, but the heat is enough to be measured by the
thermocouples 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 calculated on a
spread sheet. A typical experiment is shown in Figure 4. It does vary dunng the day (3-10
grams’/hour flow) due to temperature and light. It ceases duning the night and takes time to rise
to a high level in the mommg, much like is measured for individual leaves. Thus, the system
works very well and is stable. The leaves of the branch seem to be unaffected by the monitor
clamped to the branch. In addition, the hranch is smaller and more easily manipulated than a
small tree.

Two major experiments upon a iree in the preen house resulted in what were thought initially
disappointment, as shown in Table 1. 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 that this may be due
to two problems: [1] the LiCOR porometer measurement does not take into account conductance
of water vapor throngh the boundary layer, 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. In other words, the sap flow througb the branch 1s asymmetnc. 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 the measurement
chamber vigorously does measure the actual stomatal conductance’., However, the real gas flow
is due to a flow through the stomata after moving through the boundary layer, which s the

1

© The actual Licor 1600 system takes the measurements by clamping small chamber on (he botiom surface of the
teaf. There is a small fan to mpidly circulate (he air within the small chamber and the humidity of the chamber is
measured. As the humidity of the chamber changes due to transpirstion, the mile of change is used w calculate the
transpiration rate (as a function of vapor pressure deficit) and the conductance.
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unstirred layer surrounding the leaf. That movement is characterized by the boundary layer
conductance”.

Table 1. The branch used had 15 and 16 leaves on it and each lcaf was measured by the porometer. The
leaf area was estimaled by measwements of length and width and the total conductance was calculated
Each conductance was summed to provide the total LiCOR transpiration. The sap flow meter was
calibrated as deseribed by the methods provided by the distributor,

LiCOR Transpiration Sap Flow
Tnal (grams/hour) {grams/hour)
A 200 14
B 143 35

Again in Table | we test the real flow of the sap flow by measuring the measured stomata
conductance with the sap flow. We find that 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. If the 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 difficult to calculate or
measure.

Tests of the Boundary Laver Limitation Concept

Our basic concept to date is that the stomata of the avocado provides the major limitation to gas
flow into the leaf. With a gas flow limitation, light may not provide the measure of the
maximnm productivity of the leaf and anything that interferes with the stomnata will limit CO;
fixation, photosynthesis, and so limit productivity. In fact, our concept is that by measuring
stomata conductance we can measure the productivity of the tree and our goal would be to
maximize stomata conductance, either by manipulation of the microenvirorment or by altering
the tree’s phystology.

Under that concept we re-examined some earlier data obtain under field conditions. In Figure §
we plot the data collected by Xuan, Mickelbart and Arpaia (unpublished). While these data were
collected 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 some conditions but so was the assimilation. Figure 5A show how well the data fit a
enzymatic mechanism. While the data show a scatter (there is a large vanability of the
microenvironment—Ilight intensity, relative humidity and air temperature—and of the leaf age),
it does fit well an enzymatic concept, as given below.

A=-R+An. g/{g+Ky)

* The schematic of the movement of geses ts shown in Figure 4. CO; is higher on the ouside of the leaf (since it is
being fixed within the leaf and s0 its concentration is lower there). Thus the flow is from outside to in and is govemn
by the resistance to flow and the gradient of concentration. Water vapor flow similarly except it is from inside {at
100% RH) to owside (bulk atmosphere). Both conductances are similar, except for the mass of the gas involved,
and so CO, and HyO move under simafar driving forces There are however two resisuances, stemaa {r,) and

boundary layer (ry,).
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where A = Assimilation, R = respiration, Amax = maximum assimilation, g = conductance and K,
= a constant governing the shape of the curve. This indicates that there is a maximum
assimnilation possible even when the conductance is very large.

The respiration measured here 1s similar to what is obtained under relatively high air temperature
(see Figure 2). The conductance is higher than what was normally obtained under lower light
conditions (high light has been correlated with higher conductance). Thus, here the highest
assimilation rate would be about 54 pmoles/m” 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 to a linear relation (assimilation varies linearly with conductance), indicating that the
stomata limit assimilation.

Interestingly these data also yield a measure of how higher assimilation rate depress the internal
CQ;, as expected (Fignre 5B). The depression of CO; due to fixation causes the internal
concentration to be lowered to about 200 ppin (with an external concentration of about 380-400
ppm). Thus once the internal CO- reaches 200 ppm, maximum assimilation is reached,
snggesting the mechanism of feedback control on the avocado. Also shown in Figure 5C is the
vanation 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 depression occurs of about 2 kPPa and
then conductance ceases when the VPD reaches 3.5 kPa).

Another test of the concept that we are not taking into account of the boundary layer conductance
correctly can be seen with the sap flow monitor and an artificial wind (use of a fan). In the
experiments shown in Figure 6, a fan blows air on a portion of a small tree {(wind at 3 m/sec =
6.5 mph, onto gauges | and 3). On day | 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 higher on the branches that are affected by the
wind (the wind lowers the boundary layer resistance and thus should allow a faster gas flow and
a higher level of transpiration and sap flow). The peak s higher under the wind but a better
measurement can be made by integrating the total flow of sap dunng the peniod of wind {from
11AM to SPM). If we 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 wand increases
the sap flow by 31%. If the assimilation (limited by the conductance) is increased by the same
amount (by lowering the boundary layer conduction}, then the productivity wounld increase by
31% over the 6 hours of wind. More experiments are in progress but it is clear that measuning
the stomata cenductance by the LiCor which does not take into account the boundary layer and
so does not neasure the true gas exchange®. Furthermore, rapid mixing of the air above the leaf
by wind increases the assimilation, at least under high light conditions.

Light Intensity

Another factor, which can greatly influence productivity, is light. Light provides the energy
source that dnves carbon assimilation in the leaf. Avocado trees, ‘Hass’ in particular, can
develop a very large umbrella-like canopy that is largely empty inside. There is only a relahvely

* Licor claims that boundary layer is considered. [t is in the actual measurement as a value is given to the program
calculating the conductance whigh s governed by the rapid movement of ait by the fan in the chamber. It ts not this
that is the problem. It is the lack of measurement of the boundary layer withw the field that gives the wrong
indications. In fact, it is very difficult to measure this on one leal. [1 really akes an integrated measurement of the
Now of transpiration stream (3ap flow) that we fecl 1s the correct measurement.
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thin layer of leaves on the outer part of the canopy. [t appears that light can be fully absorbed by
this layer of leaves, leaving 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
probiem 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 upou how the layers of leaves within the canopy can support a
positive carbon balance to the plant and how a longer duration of a light period throughcut the
canopy can maintain a positive carbon balance. We now believe that light flecks of less than ]0-
20 minutes do not contribute to the overall productivity of the tree. It is rather the amount of
prolonged periods of light that each leaf intercepts which drives the productivity and longevity of
the leaf. The question of how long during the day each layer of leaves can be illuminated seems
to be the more important point.

Initially we tested the movement of light through a leaf by applying tbe measurement of light
reflected from and transmitted through a leaf using the Licor 1850 spectroradiometer (see Figure
7A). The measurements are light intensity at each wavelength into the surface of the leaf (Iin),
the light intensity reflected from the leaf surface (I,.r ), and the light transmitted through the leaf
(Iirss). The difference of the amount in verses the amounts through and reflected is the
absorption of the pigments within the leaf (see Figure 7B). It is that which is absorbed in the
visible range (wavelengths of 400-700 nm) that drives photosynthesis and is enbeal for
productivity. On the other hand, that which i1s absorbed in the IR range (700-1100 nm) alters the
tempezature of the leaf by heating. While the reflectance is slightly different from the top and
bottom surfaces and those same parameters differ between the ages of each leaf, we see only
about 10-15% total differences. These 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, under certain conditions of modeling they should be taken tmto account,
but they are small shifts in light absorption and use and should not greatly affect productivity. It
would be interesting to see certain differences between varieties as there are differences in wax
composition/structure over the varieties and that might indicate how waxes affect the light
absorbed by the leaf and so affect productivity. However, at this stage we feel that the effects are
small (5-10%).

We are concemed about the amount of light which is intercepted by the Jeaves. There are two
types of light: direct (that falling directly on the leaf from the sun) and diffused or indirect (that
which is reflected from the sky and other surfaces). Direct is most intense and drives
photosynthesis but diffuse can give rise to many effects of physiology and does provide enough
energy to generate some photosynthetic produets. In particular, avocado seem to carry out
photosynthesis under relatively low light intensity, which is that of diffuse light. We wished to
tested the notion that diffuse lipht maintained the stomata in an open conditions. Using the sap
flow monitor, but applying separate monitors to two branches on opposite sides of the tree, east
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and west facing, we followed sap flow during the course of the day. We expected that the full
sunlight on the east side in the moming would support more open stomata on the leaves on that
branch with a higher sap flow, while the opposite should occur in the aftemoon—the sap flow of
the branch on the east side should be lowered while the sap flow on the west side branch should
increase. Unfortunately that was not exactly the 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 conditions change duning the day as to the condition of the
tree and the environment near the branches. But we also suspect that diffuse light (that light
which is reflected and scattered from the environment and tree) is nearly as good at supporting
photosynthesis as direct light. 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 (s illuminated may
not be very important in productivity calculations.

We tried to obtain an idea of the amount of light intensity that we have to be concemed with by
measuring the light intensity in different directions at 8 AM in the moming (Figure 9).
Naturally the sun was low in the east and the maximum intensity was measured in that direction
(1650 umol of photons /m” sec). Yet because of atmospheric scattering light was observed in
every direction with about 200 pmol of photons /m” sec towards the west. This may be important
since the dependence of photosynthesis in avocado seems to be saturated as relatively low light
intensity, or at least that intensity is where the stomata linitation is the greatest and so higher
light may not add much to photosynthesis. We are beginning a series of more controlled
experiment in which the local environment on both sides of tbe ree are heavily monitor and
more branches are monitored (as we have bought more branch sap flow monitors) to see how
great this effect is.

An understanding of the developmental physiology of avocado leaves and how this relates to
canopy management depends upon how the layers of leaves within the canopy can supporta
positive carbon balance to the plant and how a longer duration of a light period throughout the
canopy can maintain a posilive carbon balance. While we continue to be concemed with light
flecks of less than 10-20 minutes which do not contribute to the overall productivity of the tree,
we don’t understand how these light flecks interact with the tree to allow it to use diffuse light
more effectively. Figure 10 jllustrates a typical ight exposure experiment conducted by the
Mickelbart’s group at Lincoln University. One-year-old potted ‘Hass’ avocado trees are
maintained in a growth room with light levels around 1000 pmol of pholons.fmzfs (about half of
full sunlight on a cloudless day). Individual leaves are exposed to about 200 pmol of
photons/m?/s for a period of time before increasing the light level to close to 2000 pumol of
photons/m?/s (roughly full sunlight). We see variable photosynthetic responses in the leaves,
both during light transitions and afier. There are potentially several reasons for this, First, we
may not be adapting the leaf to the lower light level for long enough. We are currently testing
this theory. Second, we believe that the response will be dependent on leaf age and, more
specifically, the flush in which the individual leaf was produced. We are currently setting up a
series of experiments to test these theories and hope to have a working inode! for light response
of individual leaves by the end of next year’s work. At the moment, we believe it 1s the amount
of prolonged periods of light that each leaf intercepts which drives the productivity and longevity
of the leaf, rather than its ability to respond to short periods of intense light cxposure. However,
this needs to be rigorously tested before any conclusions can be made. The question of bow long
during the day each layer of leaves can be illuminated seems (o be the more important point,
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Productivity Model

We are developing a model 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 leaf”s 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 eritical to understand
which parameters of such measurements are important and how to integrate these measurements
into the simple model. It 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 his/her productivity.

Figure 1. Alteration of conductance by application of ABA. The gas flow across a eut leaf
was measured as described in the previous report, but the leaf water potential was maintained at
normal by solution of water flowing across its cut circumference. The data shown here are from
a leaf that has been illuminated for about 1 %2 hours to reach stable state of assimilation and
conductance. ABA solution (25 pM) was added at the arrow. Without ABA the assimilation
and conductance remained the same (as shown). At the next arrow the ABA solution was
replaced by a water solution. The steps down to zero for both traces were due to automatic
zeroing of the IRGA used to measure the CO; and water vapor and, while necessary, were not
part of the actual measurements of the leaf.
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Figure 2. Temperature dependence of assimilation and respiration of leaves on a tree. The
growth chambers were as used before (see previous report) and maintained at a constant relative
humidity (43%). The air temperature of the chamber was shifted upf (from 20 to 36C, as shown
here) or down (from 36 to 20C, data not shown). The conductance and CO; assimilation of
individual leaves (10 on 2-3 different branches of three small trees) were measured by a Licor
6200 system. CO, fixation (assimilation) or uptake (respiration) was measured in the light or
dark (see Figure 2A) for varied chamber temperatures (average of 10). (n 2B, the conductance of
each leaf was measured in the light or dark. The sequence of the measurements for each
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 1o close but the measurements were made before any sizable change was
measored (less than 10%).
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Figure 3. Sap flow measurement system. In figure 3A, the sap flow meters on the branches
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 is shown and indicates how the measurements were made. A
constant amount of heat is put into the branch and thermocouples measure heat flow up and
down and outward to the atmosphere. The difference between in and out (up and down) was
used 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 due to the microenvironment of the leaves on
each branch. At night the heat flow was small and the calculation induced a large amount of
inaccurate variability. Thus, the flow at night was set to zero. The time is 24-hour Pacific
Standard Time.
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Figure 4. The schematic of the gas flow into/out of a leaf. 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 that flow. A better method of thinking about the flow is that the
pathway gives a resistance to the flow. The total resistance is due to the sum of a boundary layer
(b) and a stomata resistance {5). Then the conductance is just the inverse of the total resistance.
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Figure 5. Gas flow from Avocado leaves. A. Data were taken from Xuan, Mickelbart and
Arpaia, using a LiCor 6200 porometer on Hass Avocado trees. The data of assimilation and
conductance is indicative of the field in Riverside over 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
35 l;.u:nolesfm2 sec over all the assimilation data points, as an indication of vanation. B. The
dependence of the calculated CO; level within the leaf upon assimilation. As the assimilation
increases, the internal concentration of CO- declines reaching a conslant level of about 55-60%
of the extemnal level. C. The dependence of the conductance upon the leaf vapor pressure deficit
{(which is calculated as the difference between the internal water pressure of the leaf at 100% and
the external water pressure of the atmosphere below 100%).
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Figure 6. Effect of wind upon the sap flow of branches. 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 of the tree (see Figure 6A) from 11:00AM to 5:00 PM on

Avacado ree physiology

day 2, while no wind was blown on day 1, see Figure 6B for the data.
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Figure 7. Light absorption by avocado leaves, A. The distribution of light upon a leaf. |
represents the intensity of light at a certain wavelength over a given band width of light intensity,
where in = incident, ref = reflectance, trans = transmitted, and abs = absorbed calculated as [in -
ref — (rans]. B. Typical light parameters of an avocado leaf from a wavelength of 400 to 1100 n,
in 5 nmn intervals. The leaf is a mature leaf from a Hass avocado.
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Figure 8. Sap flow from a tree with sap flow monitors on branches separated by 180°. A
comparison of a west and cast facing branch on a Hass avocado for two days. Each day varied in
its air temperature and light intensity but the sap flow on each branch has been normalized to
100% (while each were similar, they were: maximum flow on the east branch = 6.37 g/hr and on
the west branch = 8.86 g/hr).
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Figure 9. Directionality of sun light. The intensity of sun light in the summer as measured
with a Licor 1850 spectroradiometer. The band measured was Photosynthetically Active
Radiation from 400-700 nm. The region measured was at 45° from the horizon at 8 AM in the

morming.
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Figure 10. Leaf response to sudden changes in light (simulated “sunflecks”). The data were
obtained with a Licor 6400 system to measure the assimifation rate. The gray line (denoted by
“light™) shows the light level the leaf was exposed to, and the black line (denoted by
*assimilation”) shows CO; assimilation rate. See text for more details.
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Benefits to the Industry

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 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 under 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 imigation schedule of orchards and management of ire¢ size. Also increasing
numbers of growers are pruning older trees or considering high-density plantings. Canopy
management strategies hinge on effective light management to increase fruit size and production.
Unfortunately, the science behind the current strategies used to manage tree canopies and free
waler status are poorly understood. We do not understand how the “Hass’ avocado responds to
either light or water siress. This project examines in detail the response of the avocado leaf to
light, temperature, and changes in light and temperature according to carbon assimilation (which
fuels both tree and fruit growth) and changes in evaporative demand (which govems the amount
of water the tree requires). The outcome of this project will be a better understanding of the
iree’s response to environmental stress. This in tum will allow us to develop a canopy model of
total carbon assimilation that will predict the effects of changes in relative hormdity and
temperature upon the assimilation. This research will provide the framework for predicting tree
and canopy management strategies to optimize productivity.
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Project Objectives:

1. An understanding of the effects of environmental vanables (hght, temperature, and relative
humidity) on avocado leaf gas-exchange and carbon assimilation, essential for plant growth and
fruit production.

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 positive 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

We have made progress on many fronts but two topics—Ileaf growth and temperature optima—
have been largely described, leading to much better understanding of how we can follow flush
development and why extreme California aflemoons are a problem for production.

We have developed a methodology to measure leal growth that allows us to place leaves into a
coherent physiological development sequence and place branch development into coherent
pattern. In other words, 2 few non-destructive measures on several developing leaves of a
branch can give us a nme scale of the full branch’s development and a 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 of how varied air temperatures affect the rate of photosynthesis, as limited by
the stomata conductance, and of dark respiration. It seems that the level of the COz level inside
the leaf (internal COy) plays an important role in control, in that as the temperature rises, the
intemal CO; becomes closer to the ambient with the assimilation rate leading stomata
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 refative
humidity, including when to start and how long to maintain, will be set by these [indings.

Using a combination of varied measurement technologies, we have made progress in
understanding the relative importance of the boundary layer around the leal and within 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 altening the real
productive, as controlled by gas exchange.

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



Details
Leaf Development

When we began our work, the community did not have 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 fit within the productivity of the branch, which contained it. We suspected that
changes occurred in its time scale but did not know if that time scale was predictive in the leaf"s
productivity. Furthermore, it was not obvious of how a leaf’s productivity was linked to the full
productivity of the branch and each of its flushes. That total productivity would seemingly be
linked to the production of fruit, bul we had no simple linkage mechanisms. This is especially
true in Califomia. 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 young leaves were dependent upon mature 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 determine a leaf's age with a few simple measurements. Then we could follow that age as we
measure the efficiency of the leaf and how it relates 10 each flush on a branch.

A major accomplishment this past vear has been to [1] determine a cormelation 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 flush age, according to each branch. Surprisingly, once a flush initiates the leaf
production, its growth is surprisingly constant. Each leaf develops according to the flush 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 Jeaf along the branch once a week is more than adequate to describe the leaf growth and the
full flush growth characteristics—including the date of flush initiation and specific growth rate
of each leaf.

Leaf Growth

In order to determine how photosynthetic assimilation (in the leaf) changes during leaf and fruit
growth, it is important to understand the relationship between leaf physiological and
chronological ages. Qur major obstacle was the determination of the physiological age of a leaf.
It 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 several tvpes of growth functions, many of which only fit over one portion of the
growth; however, the most reasonable model was the Logistic function since it duplicates most
of the phases of leaf growth. The Logistic function possesses a rapid increase phase when the
leaf is very small, followed by a shifl to an exponential rise phase to a maximum size. The
Logistic function is very similar to the Gompertzian {unction, which has been previously used
for growth of animals and populations. While it seems that those differences are relatively trivial
when both are compared, most series of measurements can show that the Logistics curves fit the
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real growth more prcciscfyl. The Logistics function has been often used in plant research and so
we follow that tradifion,

Briefly the Logistic function is described by leaf area (A) as follows, in which the growth rate is
limited by the maximum size (Amsx) but has a characteristic rate (x):

dA /d1=x A [(Anex—A )/ Amax ] (1]

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

A= Apax/ [1 +exp (axt)] 2]
This can be converted into a linear plot easily by some simple algebra and becomes:
Ln [(Amax — A}/ Al = - K 1 =Y(A) [3]

Thus, a plot of y(A) verses time (t) yields a straight line from which we can obtain the value of «
(the slope of the plot) and a {=x t’, where t’ is the value of time when Ln [(Apaxx — A) / Al =0 or
when A = Amx /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 (Amsx). we can find @ and x for the leaf. The value of
“a"gives a measure of when (in time) the leaf is half-grown. If there is a sequence of leaves
growing under the same conditions (in which the growth rate, x, is constant). then the value of
“a” increases with leaf number’.

We have found that under relatively constant conditions (in a growth room, data described in the
figures):
[1] the “x™ values for a branch are vinually the same but that the value for each leaf does
decreases somewhat with more recently formed leaves on that branch;
[2] the “a” values increase uniformly with leaf number, signifying a set-penod between each
leaf initiation act;
[3] the maximum size of leaves nises nearly 50% over the first4 to 5 leaves but that size does
vary somewbat over all the following leaves;
[4] while each branch has approximately the same “x” 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 only twice a week. In essence, we have found our
method for age analysis—a simple method of occasional measurements which gives us the leafl
size for any time point and fixes one point of the growth in time (the half-grown size) from
which all other events can be measured.

' In the field the growth conditions is not constant due to variation in the ecological conditions and frequent
measurements can show this. Unfortunately that then makes the fitting (described below) of the area to a logistics
curve more difficult. Strangely we found that fewer measurernents actually leads to the ability to fil a curve which s
an average growth rate (in turn an average of the environment). Under these conditions it 13 difficult to determine
the difference in these two curves.

? Leaf number is an important factor in this analysis. The numbering sysiem is not arbitrary, but rather leaf’ 1 must
be the first leaf 10 appear on the branch and the highest leaf nusnber is the last leaf to appear with all others being
sequential (see Figure 1).

? Later we will show that the morphology of the leaf (length & width) likewise changes from first initiated leaves to
the later ones.
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Theoretical Analysis

Our analysis of what the Logistic function signifies mechanistically i1s based upon Thomley's
discussion (1990) in which the foundation of the use of the Logistic plot to descnibe leaf growth
is laid. Thomnley uses two interrelated equations to formulate how two variables interact to allow
non-linear growth. Equation [4] is based upon productivity of photosynthesis (the “y” vanable),
which allows the area of the leaf (the “x” vanable) to control its net productivity rate. Equation
[5] is based upon decreasing the amount of photosynthetic capacity, used for the individual leafl
growth; the decrease is due 10 the development of export capacity of the leaf to other sink
regions of the plant’,

dy /dt=p; x (4]
dx /dt = ppx &’ (5]

The two constants (i1 and p;) govemn the growth of the leaf and the production of carbohydrate,
both based upon the leaf area. The combination of these two equations allows for the defining
equation of the logistic equation, as shown in equation [1].

d{(I/x)(dx/d)+bpux}/dt=0 [6]
The solution of this equation is:

(1/x) dx /dt + b p; x = constant 7
in which the constant should be defined as:

constant = pz + b pj x; 7]

We will return to the x; definition later. Here when dx /dt = 0 or no net change in the area (x). the
x (at that point, x¢ ) is the maximum area of the leaf, and so using equation [7]:

bu)xe=0bu)xi+p (8]
Xr=xXi + g2 /(b 1) [8']
Combining all these relationships we obtain:
(I/xyds/dt+bpyx=bpy xr 171
(1/xy dx /dt = p; b (xe-X) 9
dx/di= pybx[xr —x]= 1 bxex|[(xr —xVx¢] [9°]
which is directly related to the defining equation of the Logistic equation, where:
A/ dt=K A [(Anac—A)/ Amex ] 1”
Here with A = x, then Xp = Agu and K =y bxX;=py b Aqax.
Resuits

One of the most important goals is to maintain a fabeling sequence for the leaves on a branch.
The two (or more) flushes must be separated as shown in Figure 1. Furthermore, the leaves

! Both x and v are in units of g-D'W but x stands for total weight with area as (he surrogate for weight and y is for
assimilation as carbun. Equation [4) represents total assimilation with y in units of g-DW /sec arsd $0 y1; 15 in unils
of sec”’, and is proportional to k. Equation [5) represents units of g-DW or m’-area /sec and as such the units of p,
is likewise insec” . Additionally “b” must be in units of g-DW" in order for the exponential 1o be unit-less.
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should be numbered from the first leaf 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 cach leaf and relate that to a physioclogical process. Further this monitonng must be
such that missing a few days of observanon does not handicap the analysis process,

Firstly we built upon our previous observations that the length and width of a leal were related.
Using a senes 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 length times
the width of a leaf is proportional to the area; this means that length fimes width fimes a constant
factor (L. x W x f) is equal to the area of a leaf Thus, we do not have to scan the full area of the
leaf but can use only length and width to obtain a measure of the area. Furthermore, with some
small amount of error, only the length can be used to obtain a measure of the area if that length is
squared (see Figure 2B). Again a nearly constant factor (g) times the length® can be used as the
arca. The error is due to the variation of width divided by length with leaf number. The first
leaves tend to be broader than the later leaves, but there is some variability (see Figure 3). Thus,
for our determinations we used [L x W x g] as the area.

Typical leaf 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 determined as above for the first four leaves of Tree 1| & Branch 1. We
determined full leaf growth for al least three branches on nine trees. While there is vanation in
area, the general trend is that each leaf slowly increases its rate of growth until it is about half its
maximum size and then the growth rate slows ultimately ceasing when the maximum size of the
leaf is reached. The period required for a leaf to reach maturity (maximum size) is about 26-32
days.

If the area data for one leaf is transformed into a Logistic expression {Ln [{(An. — A) A} 15
plotted versus the chronological time scale (starting a fixed date as time = 0), we obtain a straight
line with a declining in value with time. For each leaf on a branch, the measured area is fit to a
logistic curve giving a measure of two parameters (o and ). In some cases due to insufficient
observations we have to estimate the maximum size of the leal. From a least squares regression
fit, an estimate of the time (in terms of days of observation) that the leaf required to reach a 50%
stze (o / %, in days) is calculated. That value of time to reach a 50% size is subtracted from the
days of observation and denoted as the plastochron day; all leaves reach 50% of their maximum
size ai 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 ploited
for all leaves on a given branch (see Figure SA for one shoot/branch). The data are uniform 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 SB for the
linearly transformed data). The constant (&) and slope (x) for each branch are relatively constant
for each branch of the same tree. Further under uniform growth conditions those values are
nearly the same for several trees (e.g., the nine that we measured here), although the date of
initiation for the first leal varies with each branch®.

* The leaves were scanned and then the area was delermeined from the number of pixels that the scanned imege had.
The calibration was with a known area of paper.
¢ The date of inifiation of the first leaf of the branch is somewhat arbitrarily denoted as the zero plastochron day of a

non-gxistent zero leaf.
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For three separate branches on one tree (#2), the daia for these parameters are uniform. In
Figure 6A the leaf area (given as square dimension) becomes larger with leaf number, reaching a
large size after the emergence of about 5-8 leaves. There is some evidence that the maximum
size of each leaf varies somewhat for the higher numbers and may even vary between every other
leal from very large to somewhat large. This varialion makes mere guessing the final size
difficult and thus each leaf should be measured until it reaches maximum size (Aq.x). In Figure
6B the number of days 10 reach 50% of the maximum size of the leal (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 x 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 x values i1s adequate (see Figure 6C). The values of
o ultimately rise, which is expected since it should nearly linearly track the increased value of
the initiation (to 50% of the maximum size) (Figure 6D). We have summarized all the data from
this set of experiments (27 branches in all) and the vanations of the growth rate and initiation
rate of each leal and branch are very small (less than 15%) under uniform growth conditions,
which indicate how well the data fils to the theory.

Based upon this extensive data set we have developed a computer program to carry out the fitting
of the data to the Logistic formula easily and have successfully used this technique to obtain
growth pattems under several greenhouse 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 concept was found by studies in a growth chamber in which the amount of light and its
directionality is fixed along with the relative humidity and temperature. This, of course, is not a
usual situation but allowed for the determination of the relation of leaf growth. We have
continued these studies to test their applicability to the “real world” through greenhouse studies
(in which the air temperature and relative humidity was held constant) but the light varied
normally 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 vanation but the increase in leal area does fit a logistics curve in which the growth
constant 1s the average over several weeks of growth. The field dala collected in Irvine during
spring and early summer (ffom Xuan and Arpaia, i998) was taken every three weeks. Again the
number of leaves within a flush and their timing off set gives rises to another possible fit to the
logistics curve, but again an average growlh rate and initiation time is found. Thus, the system
seems to work well regardless of the iming of the data but under vanable environmental
conditions, the average values are the 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—
full loss of leaves, loss of half the leaves, and no loss from the older flush. We do not understand
what conditions lead to what types of leaf loss but our fundamental hypothesis is that a balancing
act exists between production and the flushes. The older flush “feeds™ the younger flush initially
but once the younger flush becomes able to contribute enough carbon to the newly growing
leaves of that flush, the older flush is not required. However, the older fush does have the
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ability to give more carbon to any developing fruit on that branch. It is our hypothesis based
upen 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 is a light limitation
as new flushes on other branches shade the older branch or do plant hormones play a critical role
in shifting the older flushes efficiency or need for continuation? We simply do not know at this
point; however, evidence poinis to the role of light, intensity and duration.

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

The Effect of Temperature on Photasynthetic Efficiency

We believe that temperature plays a large role with the problems associated with carbon
assimilation in the altemoon. Our earlier work with humidity showed that low humidity caused
excessive water loss from the leaf, especially when the stomata were highly 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. This will consequently limit the assimilation of carbon dioxide into
carbohydrates and so influences overall tree productivity. Yet when relative humidity declines
during many summer aflernoons, most of that decline is due to a nsing temperature of the air.
From a plant perspective this is expected to increase respiration and to lower assimilation. The
guestion we are asking in these studies is while the stomata limit assimilation in avocado under
many conditions, does this limitation also hold for higher temperatures?

In order to answer this question we first needed to observe how air temperature affected the
normal assimilation, respiration and water vapor exchange of avocado leaves. We have a growth
chamber available in which two irees can be maintained for about three weeks. In that 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 chamber 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 pumoles of light /m* sec) for the day. Twice a week (Tuesday and
Thursday) we subject the trees to a changing temperature program as shown in Figure 7, starting
at about 10AM. The chamber temperature is raised in steps from 20C (68F) to 36C (97F). After
stabilization of air temperature and stomata conductance (requining 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 CO,, the dark
respiration rate). We do this for five leaves, measuning each one in triplicate. We then reset the
chamber’s temperature, ramping up by 4C (7F) (see Figure 7), wait one hour and then repeat the
series of measuwrements. There are two measurements sels in the moming {ollowed by three
measurements in the altemoon.

We have run 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
ramping up and the other, a ramping down in temperature We are in the process of summarizing
all of these runs. The description below is for a typical run with a ramping up in temperature.
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The direction of the ramping is critical 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 lhe aflemoon. Also the ramping down (sianing
at 99F and lowering the temperature) created probiems with the health of the tree; avocado seem
not to do well if the moming temperature is high. For California growers, the ramping up with a
high aflemoon temperature 1s more nalural and so we are adapting that protocol for further
experiments designed to find arecovery threshold for higher 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), making many of the lower temperatures
unreachable and so we begin our trials al near the optimum temperature for assimilation. Under
most conditions and in Figure 8A, the assimilation falls to near zero by 36C, certainly the
assimilation rate is less than 20% that of the maximum assimilalion seen at 21C {70F},

The stomata conductance seems to follow the same trend as assimilation but the relationship 15
not totally clear (Figure 8B). Certainly the conductance is lower at 36C compared with 20C, but
there is much vanability in the data We can conclude that conductance does not seem to be the
limiting 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 assimilation or is the decline in assimilation
inducing 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
lingar curve generates a positive respiration rate below 18C, which is not reasonable. The
exponenlial curve possesses a negative rate at all values of temperature above 0C, but nses
rapidly from 20 to 36 C. The scatter of Lthe data points makes it impossible to judge which curve
is best but from the literamre one would suspect that the exponental curve is more realistic.
Clearly the respiration rate at 36C is much higher (5-10x) than at 20C.

One concem was that the Jight intensity was not uniform across the leaves within the growth
chamber for our measurements’. This seems 10 be the case (see dotted line in Figure 9). Some
leaves are closer to the light source than others and their positions cannot be changed. In order
to (ry to comrect for anv light intensity problems, we decided to use intemal CO, concentration as
a measure of effechive photosynthesis (the intermal 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.

The Effect of Temperature upon Carbon Dioxide Use

The movement of water vapor from inside the leaf to the outside atmosphere (transpiration) 15
best described by an electrical conductance analog in which the water vapor moves from a

" When we periom experiments of changing relative humidity or lemperature, we select leaves at the same height
within the growth chamber so that the illumination is the same.
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highest (chemical) potential down 2 diffusion gradient from mesophyl! tissue to a region of the
lowest chemical potential (the atmosphere surrounding the leaf) as illustrated in Figure 10.
There are three principle conductances of movement (g) in the total pathway: (1) the boundary
layer, (2) the stomata pore, and (3) the tissue and leaf air space itself. In the pathway for H0,
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 leaf, where
photosynthesis occurs. Two gases—water vapor and CO,—are cnitical 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 cther hand, CO; movement into the leaf is cnitical for assimilation and production of
carbohydrates. If the light intensity is high enough, the assimilation may still be limited due to
the flow of CO, into the leaf. The level of CO, within the leaf (called the intemal CO;
concentration) is due to a balance between gas flow into the interior and C(O, assimilation (or
uptake) via photosynthesis. In general, the intemal CO, level is lower than the external
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 intemal
concentration. As light intensity rises and photosynthesis 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 of the leaf.

We now understand that the assimilation 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
governed by conductance and the gradient of water vapor from Lhe leaf intenor to the extenor.

While 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 = conductance
nmes force (for water vapor, wv, and for CO, c).

Jwv = 81 X Aforce)uy [10]

If we define the (lux inwards as positive, then the A(forcel. must likewise be defined to the
positive when the outside force is higher than the inside force. We will find that this is not the
case for water vapor as the water vapor “force” is higher inside, thus this “difference” term iIs
negative and so the flux is negative (from the inside towards the ouiside) With those
definitions, the sign in equation [10] is correct as positive.

This means that the A(force)wy is due to the gradient of water vapor from inside, where it is
nearly 100% relative humidity, to the outside, where it is govemed largely by the relative
humidity of the air. Thus equation [10] can be written (in general terms) as:

! Although we speak of conductance to llow, the past mathematical formalism used a resistance to flow similar 1o Ohm’s law for
clectricity in which the ipear relation between a gredient of concentration or of elecirochemical poiential and fluxt or flow of
material 13 given by r.
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Juwy = 1 X Arelative humidity = g1 {RHinisc — RHomize} = g1 {100%- RH, } [10°]

There is another way of looking at the relation of assimilation to conductance. It begins with
understanding that the flow of CO; is govemed by the same relationship as water vapor, but in
the opposite sense.

Joor = ge x Afforce)cor [11]

The A(force)cos is the gradient of CO» concentration from outside to the inside and is given by
the same relationship:

jeo2 = ge X A[CO2] = ge {[CO2Jom — [CO2lin } ]

The beauty of these relationships is that the conductances are related to each other. The
conductance of water vapor is higher due to the lower molecular weight of H;O, relative to CO,.
The relation is through the Lewis coefficients, so that g. = 0.958/1.346 g,,, = 0.712 g..

The flow or flux of CO; is the assimilation rate (A) and so equation 11’ becomes:
A=0712 g, AICO:] or A=0712gw {{CO2louw - [COin }
A[CO,] = {A/(0.712 gu)} [12]

Thus, if the gradient between outside and inside CO, (or for a constant external CO,, the inside
CQOy) is held constant, a plot of A against g, should be a straight line wilh a zero intercept or a
plot of {A / g} against nearly anything (e.g., conductance, light intensity or temperature)
should be constant. That is true only il the “anything” is not altering the basis relation that
internal CO2 is held constant.

Measurement of Internal CO; Concentration

Returning to the light intensity problem we calculated (for all temperatures) the average value of
A / 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 / g, was 1458 + 262 pumol/m”,
which for this particular trial translates into an internal CO, concentration of 345.0 + 9.0 ppm
(for an external concentration of 395.0+ 1.1 ppm). Thus, we felt that we could use this measure
effectively lor determination of the effect of higher temperatures.

From the data set shown in Figure 8, the difference in CO; concentration (efTectively according
to equation [12]) can be plotted against an increasing temperature. Under those conditions, we
can easily see that the assimilation rate/stomata conductarice declines as temperature increases
(Figure 11). The falling gradient means that the intemal CO; concentration is becoming closer
to the ambient level (since that is constant with temperature, data not shown). It seems that the
rise in internal CO, is nearly linear with temperature, going from nearly 300 ppm at 20C to
nearly 400 ppm (ambient) at 36C (see Figure 11). If the stomata were closing prematurely (e.g.,
a more rapid closure than a lowering of assimilation would support), then the internal CO»
should fall since the assimilation was using the CO, at a more rapid rate than the conductance
could support. The rising intemal CO, suggests that assimilation is being inhibited more
completely than the conductance closure, leading to a closer equilibrium between the internal
and external CO, levels. In many of the experiments, assimilation at 36C was close to zero
while a sizable, non-zero stomata conductance remained.

75



These data suggest that high temperature presenis a tnple problem for avocado trees. The
assimilalion rate is becoming inhibited while the stomata remain partially open. That leads to
water loss, with little assimilation. Furthermore, the respiration rate is dramalically increasing,
leading to a loss of the carbohydraie made earlier in the day. The net carbohydrate within the
leal must be falling due 10 a decline in assimilation 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 puise 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 high 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
stomala closure. Thus, we would expect a faster closure in the dark if the conductance were
high. We are re-examining our earlier data to determine if this is true. This effect has an
important consequence on how conductance and assimilation responds when the leaf is shaded
after a long period of direct sunlight.

Boundary Layer as Detected by Leaf Temperature

Last year we suspected that boundary layer conduclance was influencing how the stomata
behaved. For the most part, we measure only stomata conductance bv porometry and hope that
the boundary laver conduclance is very high so that it does not matter. The effect of the
boundary layer 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 account of the boundary layer conduclance correctly can be seen with an infrared camers,
which detects long infra red radiation due to black body ¢mission. This emission 1s proportional
to the temperature of the body and for a leaf, can detect the surface temperature of the leal. Ifa
leaf is maintained in the light at an air temperature of 28C, its surface temperature reéaches about
31.0C (Figure 12). This temperature is a steady-state temperature which 1s the balance between
the influx radiation (sun light) and losses of radiation due to a sensible heat loss or convection
due to hot air rising and latent heat of evaporation (due to the loss of water through the stomata,
see left side of Figure 12), The other heat loss is conduction due to air movements or wind. The
principle balance to incoming radiation is heat of evaporation through the stomala. 1f a wind is
applied to the leaf, it cools rapidly (ca. 3.0F} due to the loss of heat through conduction and this
is directly a measure of the boundary layer. If the wind ceases, the temperature of the leaf
returns to the previous value mpidly. The speed of this change is within tens of seconds. The
actual calculation of boundary layer conduction is somewhat difficult {see Monteith and
Unsworth, 1990), but can be done. Furthermore, if the air flow due to the wind is lamellar, the
conduction can be calculated according to theory involving wind speed and leaf dimensions (sec
Schlichting & Gersten, 2000).

We are cumently using this technology with the sap flow experimenits to determine 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 boundary
laver conduction),
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Canopy Structure

We continue 1o investigate the role of the canopy in allowing light to penetrate into the intemnal
leaves. This penetration is critical to understanding sun flecks 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 sunlight
and thus can be as productive as the physiology and other environmental parameters will allow.
This is the Layer I of leaves. Leaves deeper within the canopy are not so productivity since the
Layer I can shade them for ai least part of the day. The fundamental question is how many
Layers of leaves can be supported by the normal distribution of leaves.

Experiments along the “sun fleck™ 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 some
modeling with more simplified systems to understand what types of events may be happening.
Figure 13 shows such a model. Here each leaf has the same dimension and onientation (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 illumination of full light on a given layer can be calculated during the day. For a given
spacing and leaf size we can obtain the amount of and area illuminated by light for angle (or time
of day). There are two points of interest: [1] the amount of light that the third layer receives
increases as the spacing of the layers increases (concurrently with a decline in light for the
second layer, see Figure 14A) and [2] this duration of light is probably the key to understanding
whether or not the leaf is a net producer’.

Of more interest is the actual light intensity falling on the leaf surface and how that intensity
drives photosynthesis. If a leaf is not illuminated directly “face on”, it does not receive as much
intensity. As the angle varies from the normal (angle goes from 0 to 90%), the intensity falls as
the cosine of the angle; as the intensity falls so does the photosynthetic rate. Figure 14B shows
actual calculated productivity (per leaf) as the angle varies from 90° (sunrise) to 0° (at noon).
Layer I receives all the illumination and reaches a2 maximum at noon. Layer II, partially shaded
by Layer I, receives illumination later in the day but reaches maximum at noon (see Figure 13 for
the geometry). Its total production will be less than Layer 1. Layer III receives some
illumination but never is the full leaf illuminated at any time and shading becomes severe at
noon. It never becomes fully productive.

Although these are very artificial situations, they do give insight on the orientations that are most
critical for leaves and how they may arrange themselves into “correct” layers for efficient
productivity.

Continuing Experiments

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 vel to be fully evaluated and thus we cannot say as yet what problems may

[}

The total productivity of a leaf is equal to its photosynihesis over the entite area, when Lhe leaf is iHuminated less
the respiration, which occurs throughout the day regardless of illumination. Thus, there 1s a mmimum dusation of
light, which can provide enough photosynthetic carbohydrate to balance the loss Lhrough 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 20% of the water loss measured by water addition. However, it
seems that (he Licor porometer does not measure (he actual water loss very well.

We are continuing our experiments with wind to lower the boundary layer but have not yet
oblamed reproducible results that are statistically significant. We have traced the problem to the
changes in stomata conductance due to high water loss in the afiernoon and are modifying the
protocol.

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

We continue to develop models of productivity based upon how the microenviromnent around
the individual leaves affect the stomata conductance and how the conductance and the light
intensity alter the leaf's 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. It 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 his/her productivity.
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Figure 1. The Numbering Sequence for a Branch. The oldest leaf has the lowest
number while the youngest leaf has the highest number. The physiclogy of leaves,
which we wish to investigate, depends upon when the flush begins (denoted as when
the first 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 Leal. A,
Calibration by Length and Width. B, Calibration by Length Alone. The scan area
was that derived from the use of a Leaf Area meter, which measures the real area of
the leaf by passing at a constant speed or by scanning, a leaf over a line of
photodiodes, some of which 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 ihe actual area and the
calculated area. The lines represent (for A) the actual area in cm’ equal to (for A) fx
length x width or (for B) g x Iength with both length and width in cm. Both fand g
are scale factors and vary with variety of avocado.
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Figure 3. The Variation in the Width/Length Ratio of Avocado Leaves. Leal
number was measured as shown in Figure 1. The bars represent an error
measurement (2 x standard error of the data, which was the 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 length and width of the individual leaf. The “zero observation
day” was Nov 13, 2003, when the experiment was started, and is arbitrary. One of
the critical elements of the growth curve is the maximum size that the leal reaches,
as 1t is not absolutely the same for each leaf.
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Figure SA. Combined Leafl Measurements from One Shoot/branch 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 maximum area (see text for more details.). Here 15
leaves from one branch were used, each leaf had a different time shift (which was
equivalent to when the zero plastochron day occurred Fig. SB. The Logistic linear
transformation of the leaf growth curve. Some of the data was taken from Figure 4 and
transformed by Equation [3], see text.
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Figure 6. Logistic Parameters from One Tree. The various parameters for the Logistic
formulation are shown in the above panels. They have been determined as described in
Equation [3] and Figure 5B for three branches of one tree. A The maximum size of each
leaf. B. The time required to reach 50% of the maximum size, as measure of the
plastochron day. The slope of the line represents the average time between initiation of
each leaf and for this tree the time 1s 2.3 days between the initiation of each leaf on the
three branches. However, each branch begins its initation at a slightly different day
(about 3-6 days variation). C & D. The two constant parameters of the Logistic growth
curve—growth rate (k) and point of initiation (proportional to a.).
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Figure 7. The Protocol for Growth Chamber Shifts in Temperature. These data
were taken from a HOBQ automatic sensing device placed within the growth
chamber at the leaf level. It represents temperature and relative humidity change
during the course of a dav-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 within a few minutes of the leaf begin place in the dark
(under a black cloth), see Figure 6.
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Figure 8 Effect of Temperature upon the Photosvnthetic Rate, Stomatal
Conductance and Respiration Rate of avocado leaves. This is an example of a
typical expenment 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 measurements on one leaf for each temperature. The yellow line represents
zero (which is off-set in some plots) 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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Figure 9. Light Intensity at Each Leaf and Internal CO, Concentration for Each
Leaf in a Tvpical Expennment. Here the leaf number is arbitrary and represents
merely a different leaf. The intemal CO, concentration (as given by assimilation
divided by the conductance, vertical axis) is averaged over all temperatures for
these experiments. These measurements are done within a growth chamber and
thus each leaf is at a slightly different level (distance from lights) and so
expenence different light intensities (as given by the dotted line).

Photosynthetic Rate / Stomata Conductance (umolim3)
Thowsands
L ]
1
*
1
8
Quantum intensity (umol/m2 sec)

i ICO?]ln

Bulk Ar  : Boundary Air Internal Air
: [H2‘0 ]m
PP
A Toatk
leo lou(‘— i e-a
total flow is:
.__/VVV\_N\(V\_. =
Br=8s 8 / (85t 8)
gb gs

Photosynthesis rate =g'; {{CO; ], -{CO5 1. }

Transpiration rate = g; {[H,0 ],, 4H20 ], }

Figure 10. Movement of waler vapor from inside to outside the leaf. The vaned
transition zones are indicated by name and conductance (g) as the top two lines,
while the regions of “consiant”™ gas concentration are shown as the third line. The
bottom line indicates a possible concentration of the gas within each region. COa
movement is shown by the red line and equation while H;O movement 1s shown
by the green line and equation.
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Figure 11. The Dependence of Intemal CO, Concentration Ipon the Air
Temperature. The intemal CQ, 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 / stomata conductance) is equal to the ambient
concentration of CO, (generally near 380 ppm). This value is the lowering of
the ambient CO, due to the uptake of CO; due to photosynthesis. Note that by
37 C (98F) there is little or no photosynthesis occurring,
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green house at an air temperature of about 28 C at 10AM.
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Figure 13, Two Dimensional Model of a Canopy Structure 6, = arctan (2D /L)
0° = arctan(D/L) with D. The intensity of light (I) is equal to lhe intensity at the
maximum (from the top) fimes the Cos(0). For more details see text.
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Figure 14. Data from the Model of Figure 13. A Dependence of Productivity
Upon Leaf Layer Spacing Amount of illumination is with respect to layer 1. The
size of the leaf was constant at 10 cm. B, Dependence of Productivity Upon
IMlumination Angle. The leaf was taken as 10 cm on the side (L) with a spacing
(D) of 3 cm. The photosynthetic productivity was calculated as A = Ap, [1] / {K +
(1]}, where A = assimilation rate and Ama; = maximum rate at 20 umoles/cm’ area
sec. The surface intensity (I) is in units of pmoles /m* sec with its maximum being
full suniight and K is a half-saturation coefTicient of about 20% full sunlight
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Mary Lu Arpaia
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Cooperating Personnel: D. Stoftlemyer, P. Rabinson, X. Liu, D. Parker, W. Manor, C.
Reints, J. Frink, |. Barkman, F.

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

Benefit to the Industry

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

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.

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

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.
Collaborate with Dr. Menge and Dr. Thorp on idenfification and evaluation of



dwarfing matenal.
D. To assist Dr. Mike Clegg on coordination of pollinizer research piots.

E. To 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 infermation developed from this
research program.

Summary

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.

This is the primary objective of the breeding program. To this end, during the last year
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 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),
OA184. The Moorpark site will be designed as a pollinizer site to test the usefulness of
some 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 Irvine. These expansion plantings will allow us to evaluate a number of the
new selections similar to the new cooperator trials. In October 1897 we began collecting
dry weight information at 2 to 3 week intervals on the following varieties: ‘Marvel',
‘Nobel', 'Gem', 'Harvest', 'Hass', ‘Lamb Hass', 'Pinkerton’, 'Regal’, CA184 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 suspect due to
growth habit. Forty-nine trees have been tested so far and only 2 trees have tested
positive (suspect trees). In another field which 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 continue to test until all the trees
have been cleared.

A major effort during this last year has been the establishment of a database that
includes 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
included in the database. The notes and observations which Mr. Martin left upon his



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 @valuating and exchanging
promising 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
salinity tolerance. Collaborate with Dr. Menge and Dr. Thorp on identification
and evaluation 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. YWe
are planning a new clonal rootstock trial (to be planted in 1999) that will be planted at
SCREC with Dr. Menge. The 'Hass' and the 'Lamb Hass' will be included in this trial on
selected clonal rootstocks. A clonal rootstock trial will be planted in Spring 1998 in the
San Joaquin Valley. This trial will use the 'Sir Prize' as the scion variety. Three sites will
be used, UC Lindcove Research and Extension Center in Exeter, Cutler-Orosi and
Porterville. We continue to collaborate with Dr. Crowley in his salinity research. An
interstock trial using Colin V-33 will be planted in Fallbrook in Spring 1998. The trees
will not be grafted to a scion variety until Spring 1999. We are considering at this time to
use the ‘Lamb Hass' when the trees are grafted.

D. 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 organized research program to evaluate the value of
outcrossing and which pollinizers to utilize.

E. To assist Drs. 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' vanety.

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

An accurate plot map has been generated for the CAS Varety 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 decided to maintain only 2 trees of each variety. This will allow us
fo continue to expand the collection within the allotted space. We are also planning, in
conjunction with Dr. Menge, to include representative 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



of this effort includes the repropagation of material collected by Dr. Zentmyer which is
planted elsewhere at SCREC.

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



Enhancement of Avocado Productivity

I. Plant Improvement - Selection and Evaluation of Improved Varieties and
Rootstocks

Continuing Project; Year 3 of 20

Project Leader: Mary Lu Arpaia (559) 646-6561
e-mail: mary.arpaiai@ucr.edi
Dept. of Botany and Plant Sciences, UC Riverside
Kearney Agricultural Center, 9240 8. Riverbend Ave., Parlier, CA 93648

Cooperating Personnel: D. Stottlemyer, P. Robinson, M. Mickelbart, W. Manor, J. §.
Reints, Jr., J. Frink, 1. Barkman, F. James, D. Scafer, . Brown, R. Scora, J. Menge, D.
Crowley, M. Clegg, M. Hoddle, B. Faber, A. E. Fetscher and on-farm cooperators

Benefit to the Industry

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. 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 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.
Index trees for distribution for sunblotch viroid with assistance of Drs. Allan Dodds,
Jim Heick and Deb Matthews.

B. To collaborate with other researchers worldwide in evaluating and exchanging
promising plant 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 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 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 marketability, with fruit of optimum maturity
and size year-round.

Field Trials. This is the primary objective of the breeding program. Since 1998 we
have established the following cooperator trials:

Topworked trials at Non-UC Sifes
Santa Paula (Ventura County) - 1998
'GEM’, 'Harvest', 'SirPrize’, ' RT5176’, 'OA184', Marvel', Hass'; 10 replicates

De Luz Canyon (San Diego County) - 1998

‘Lamb Hass', 'SirPrize’, 'GEM', '0A184', 'Marvel', '5-552', 'Nobel', 'Hass', 'Harvest', 10
replicates.

Approximately 80 ‘GEM' trees divided roughly into 3 groups at the cooperator site.

San Luis Obispo (San Luis Obispo County) - 1998 (Trees suffered from freeze in 12/98
necessitating re-grafting of some 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'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.

'Nobel' trees at UC South Coast REC - 1998
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 - ongoing
Replacement trees in Field 10

San Joaquin Valley Variety Trial - 1999 at two sites (Porterville, Lindcove) with
!ln ew fI"PC.S' rH

All on Thomas Roostock; 'SirPrize' 'Lamb Hass', 'Harvest', 'GEM', 'Nobel', "Marvel',
‘Pinkerton’, 'Fuerte', and 'Zutano’

Yield data from unreleased material. We have collected some yield data from Field 4
at the UC SCREC (UC South Coast Research and Extension Center) (Figure 1). The
2000 yield data is still being collected and may change 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 little 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. The comparison of dry weight changes for the
'GEM' as compared to the 'Hass' for the UCR and UC SCREC sites are presented in



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' (BL.516) selection compared to Hass'
There appears to be some 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', respectively. We have also collected dry weight data for the ‘Harvest' selection
which is presented in Figure 7. Note that as compared to the other selections, that the
'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 the Breeding Program. We have planted approximately 220
seedlings from mixed matemnal 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 plant a 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).

Sunblotch indexing. A section of Field 46 at UC SCREC tested positive for the
sunblotch vircid. These trees were removed in March 2000. We have conducted a
preliminary indexing of the 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 of trees. The remainder of these seedlings will be
planted out in Spring 2000 as outlined above.

Table 1. Listing of rootstock material acquisition from Israel.

Obtained

VCt May 99 March 00
6
7
15
26
28
Ly
40
49
51
65
66
75
803
804
817 X
828
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B. To collaborate with other researchers worldwide in evaluating and exchanging
promising plant material.



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 of the various rootstock selections which he had made over the years.
In May 1999 M. L. Arpaia brought material from 5 selections plus budwood of the
'Ardith' and the "Gil'. M. L. Arpaia revisited Dr. Ben-Ya'acov in March 2000 and
obtained additional material as listed in Table 1. Budwood from the § selections
obtained in May 1999 was also once again acquired. This material will be in quarantine
for 2 vears before it can be released for field testing. We have tested this material for the
presence or ahsence of sunblotch. The VC49 selection (intreduced 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 both root rot resistance and
salinity tolerance.

In Spring 1998 we topworked trees in the old 'Gwen’ rootstock trial to the ‘Lamb Hass'
variety. This will allow us to assess its performance on the following reostocks: G755A,
G755B, G755C, Toro Canyon, Borchard, Duke 7, D9, Thomas, Topa Topa. The "take"
in this trial has been mixed but we have successfully established sufficient trees for
evaluation. We planted a new clonal rootstock trial at UC SCREC with Dr. Menge in
Spring 1999. The 'Hass' and the ‘Lamb Hass' are 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 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. Although the trees are
still in the ground, we anticipate 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 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.

Pollinizer 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 10 trees each. The trees in this trial



have been incorporated into the Avocado Pollination and Bee Biology project headed
by Drs. N. Waser and B. Fetscher. Ben Faher and M. L. Arpaia also established a site in
Ventura County (Somis) looking at the distance from the pollinizer row vs. yield and
now have 3 years of yield data (no significant trends observed). Finally we established a
pollinizer trial in San Luis Obispo County using 'Bacon’, ‘Nobel' (BL667), and 'Marvel'
(BL516) with 7 replicates of each in Spring 1998. This trial was affected by the 12/98
freeze and required somre-working of the trial trees. We hope to begin collecting data
from this trial in 2001.

We continue to discuss with Dr. Clegg ways 1o incorporate the B flower type selections
into an organized research program to evaluate the value of outcrossing and which
pollinizers to utilize and to discuss future directions for the breeding program.

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

We have not initiated any activities with this objective. Mr. Stottlemyer has coordinated
some activities with Dr. Hoddle, namely providing piant material for Dr. Hoddle's
laboratory testing,

F. To maintain and improve the CAS variety block and the Persea germplasm
block located at the UC South Coast Research 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 velunteers 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 also in the process of establishing the capability of growing clonal trees on a
small-scale for the breeding program. This is being done using the greenhouse facilities
at UC SCREC.

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

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

Figure 1. Field 4 Variety Trial at UC SCREC in Irvine, CA. Average number of fruit
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 weight for Hass' and "Marvel' from UC SCREC and UCR.
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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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Enhancement of Avocado Productivity
. Plant Improvement - Selection and Evaluation of
improved Varieties and Rootstocks

Continuing Project; Year 2 of 20

Mary Lu Arpaia
Dept. of Botany and Plant Sciences,
UC Riverside
Keamey Agricultural Center,
9240 S. Riverbend Ave.,
Partier, CA 93648

Cooperating Personnel:  D. Stottlemyer, P. Robinson, X. Liu, W. Manor, C. Reints, J.
Frink, |. Barkman, F. James, D. Scafer, G. Brown, R. Scora, J. Menge, D. Crowley, M.
Clegg, M. Koyabashi, J. Morse, M. Hoddle, G. Bender, B. Faber, P. Mauk, N. O'Connell,
G. Thorp, A. Ben-Ya'acov, M. Zilberstaine and on-farm cooperators

Benefit to the Industry

This project will help to maintain and enhance the California avocado industry by
introducing consistently heavier producing, high-quality avocado vaneties, 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 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.

B. To collaborate with other researchers worldwide 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.



Collaborate with Dr. Menge and Dr. Thorp on identification and evaluation of
dwarfing material.

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

E. To assist Drs. Morse and Hoddie on identifying plant material tolerant to Persea mite
and the avocado thnps.

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 marketability, with fruit of optimum maturity
and size year-round. This includes determining the different cultural neede 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 tnals at the following sites:

Topworked trials at Non-UC Sites:

Santa Paula (Ventura County)
'‘GEN', 'Harvest’, 'SirPnze’, 'RT5176', "OA184', ‘Marvel’, 'Hass", 10 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 Trals: 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 reguest.

Topworked trials at UC South Coast REC
‘Lamb Hass' tral; used ‘Gwen’' rootstock tnal: G755A, G755B, G755C, Toro




Canyon, Berchard, Duke 7, D9, Thomas, Topa Topa; 12 replicates

Nobel' trees at South Coast REC

20 clonal trees: 8 planted in Field 4; 12 planted in Fieid 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 - 1999 include:

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

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

San Joaquin Valley Variety Trial
All on Thomas Rootstock; 'SirPrize' 'Lamb Hass', ‘Harvest’, 'GEM', ‘Nobel,
‘Marve!l', 'Pinkerton’, 'Fuerte', and "Zutano’; 3 sites, will approximate same design
as trials established in 15698

UC South Coast REC Field 48
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 o this program have been tested. Priority is being given 10 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 tested positive.
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 48 will be removed. In field 4, we have checked 73 trees
and all have tested negative for the sunblotch viroid.

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

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



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 1998,

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. Collaborate with Dr. Menge and Dr. Thorp on identification and
evaluation of dwarfing material.

In Spring 1999 we topworked trees of various clonal rootstocks to the '‘Lamb Hass'
vaniety. 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 planted at
SCREC with Dr. Menge. The ‘Hass' and the ‘Lamb Hass' will be included in this trial on
selected clonal rootstocks ('Hass' on Day, Duke?7, 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 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. Although the
trees are still in the ground, we anticipate 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 infermation from this site.

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

D. To assist Dr. Mike Clegg on coordination of pollinizer 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 fruitiets
analyzed from this site (pending Year 2000 funding from the Hansen Trust). We
continue to discuss with Dr. Clegg ways te incorporate the B flower type selections into
an organized research program to evaluate the value of outcrossing and which
pollinizers to utilize and to discuss future directions for the breeding program.

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



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 biock and the Persea germplasm
block located at the UC South Coast Research and Extension Center.

An accurate plot map has been generated for the CAS Varety Block. Any changes 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 include representative 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
of this effort includes the repropagation of matenal collected by Dr. Zentmyer that is
planted elsewhere at SCREC. We are also maintaining some plant material at UCR in
the greenhouse. Some of this material will be planted at SCREC, others will be
maintained on campus.

G. To insure 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 continues to be updated with new information and photographs of different vanetes.
Questions sent via e-mail are answered on an ongoing basis.



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

Continuing Project; Year S of 20

Project Leader: Mary Lu Arpaia (359) 646-6561
e-mail: mary.arpaia@ucr.edu
Depi. of Botany and Plant Sciences, UC Riverside
Keamey Agricultural Center, 9240 S. Riverbend Ave., Parlier, CA 93648

Cooperating Personmel: D. Stottlemyer, P. Robinson, M. Mickelbart, W, Manor, J. S. Reints, Jr.,
J. Frink, 1 Barknan, F. James, D. Scafer, G. Brown, i Scora, J. Menge, . Crowley, M. Clegg,
M. Hoddle, B. Faber, A. . Fetscher and on-farm cooperaiors

Benefit to the Industry

This project will help 1o maintain and enhance the California avocsdo industry by introducing consistently heavier
producing, high-quality avocado varieties, betier pollinizer varieties, and improved rootstock hybrids. Increasing the
genetic diversity of varjetics will decrease the risk of major pest and disease invasions on a susceptible monoculture

Objectives

A. To produce new avocado varieties, superior 1o *Hass™ in consistent productivity and postharves! fruil quality and
marketability, with fruit of optimum matwity and size year-round, This includes determining the different
cultural needs of each cultiver. Index trees for distribution for sunblotch viroid with assistance of Drs. Allan
Dodds, Jim Heick and Deb Mathews.

B. To collaborate with other researchers worldwide in evaluating and exchanging promising plant material.
Provide material to Drs. Richard Lilz and Witjaksono from the University of Flonda upon request.

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

D. Evaluate the potential of new and established cultivars (13 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 on identifying plant material tolerant 10 Persea mile and Lhe avocado thrips as
requested.

F. To maimain 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 timelv and effective dissemination of informaticn developed from this research program.

Summary

A. To produce new avocado varieties, superior to *Hass’ in consistent productivity and postharvest fruit
quality snd marketability. with fruil of optimum maturity and size year-round.

Field Trials. This is the primary objective of the breeding program. The following are Lhe cooperator trials:
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Sania Paula (Ventura County) - 1998
‘GEM’, "Harvest’, “SuPrize’, "RT51767, ‘OA184°, “Marvel’, “Hass'; 10 replicates

De Lz Canyon (San Diego County) - 1998
“Lamb liass’, ‘SxPrize’, *GEM’, “0A184°, ‘Marvel’, 5-552", ‘“Nobel’, ‘Hass', “Harvest’, 10 replicales.
Approximately 80 ‘GEM’ trees divided roughly into 3 groups at the cooperator site.

San Lws Obispo (San Luis Obispo County) — 1998 (Trees sulfered {rom frecze in 12/98 necessitaling re-grafling of
some selections in 1990,
‘RT5176’, *Hass’, *SirPrize’, *GEM’, *Harvest’, ‘OA184°; 9 replicales

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

Clona] trials at Non-UC Sites

Oxnard (Ventura County) — 1996 (originally known as the Newmnan Ranch site. This trial was flooded in 1997 and
many trees died due to this, however we arc now working with the new owners to colleet data from the trees which
survived after the winter of 1997). “Lamb Hass’, *SirPrize’, ‘GEM’, ‘OCA184", ‘Marvel’, “Nobel’, ‘Hass’, ‘Harvest’

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

All on Thomas Ruolstut.k S;rin’ ‘Lamb Hzﬁs Hunreal GEM ‘Nubcl’ ; Mdrvel ] Pmkcnon ‘Fuerte’, arl
*Zulana’

Yield data from unreleased muterial. We have collected yield data for the third year from Field 4 at UC-SCREC
(UC South Coast Research and Extension Center). Data collection for 2001 is still incomplete but preliminary data is
presented (Figure 1), The ‘Harvest’ at this point has the largest cumulative vield over the 3-year period, however
this vanety also appears to exhibit severe allernate bearing. We have also collected the first year of yield data from
the Santa Paula and Oxnard sites in Ventura County and the De Luz site in San Diego county (data not presented).

Fruit Characteristics. Asanon-going process we are collecting fruit samples from all sites approximately every 3
10 4 weeks from fall through late summer. These fruit are evaluated using standard protocols for such characteristics
as [Tuit shape, peel texture, peel color, flesh color, the percent seed, flesh and skin and skin thickness. Figure 2
shows the average percent seed for the various varicties. These are the averages for all fruit from all sites. Note that
there is considerable variation between the different varieties in terms of the relative proportion of the fruit occupied
by the seed ranging from a low of 7.1% for the “OA184 to nearly 18% for ‘Bacon’. Figure 3 presents a comparison
of the ‘GEM’ and *Hass’ seed size from each sites averaged over all sampling dates. Note that the *GEM’ seed
occupies a slightly higher percentage of the fruit as compared to the ‘Hass’ in all but one site.

Dry Weight Tracking. Figure 4 presents the trends in dry weight for the “GEM’ at the De Luz site. Similar trends
were observed at the other 6 sampling sites (Irvine, Riverside, Santa Paula, Osxnard and San Luis Obispo). Figure 5
presents similar data comparing ‘Hass’ to *Nobel’. Similar trends, with the ‘Hass’ having slightly lgher dry weights
than the “Nobel” was observed at the other 4 sampling sites (Irvine, Riverside, Oxnard and San Luis Obispo). Figure
6 illustrates the comparison of ‘Hass’ to “Marvel’ from the De Luz sampling site. The ‘Marvel” tends to lag behind
the “Hass” in dry weight accumulation throughout the season. This trend was also observed at the other 5 samplimg
sites (Irvine, Riverside, Santa Paula, Oxnard and San Luis Obispo). Figure 7 shovws the same data for *Hass' and
*Harvest®. The “Harvest’ tends to be substantially slower in dry weight accumulation as compared to the “Hass’.
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These large differences were also evident at the other 4 sampling sites (Irvine, Santa Pauls, Oxnard and San Lins
Obispo). The changes in % dry weight for “GEM’ for the 7 sampling sites are illustrated in Figure 8. The same
general pattern for dry weight accumulation appears to occur at all sites. A comparison between dry weight
accumulations between two maturity seasons for the ‘GEM’ variety is presented in Figure 9. This data is from the
De Luz site in San Diego County, Bolh seasons show the same general trends.

New Material for the Breeding Progrem. In Spring 2000 we planied approximately 220 seedlings from mixed
maternal sources 1o provide malerial for the “next generalion” of avocado selections. An additional 270 open
pollinated seedlings are currently being transplanted into sleeves ait SCREC to be planted in the field in spring 2002.
We are collecting additional seed material this year and hope to plant a similar number of seedlings in 2003. We
have also established a series of “isolation” blocks at UCR and the Nakamure Ranch for generating seed material for
the future (parents selecled following consultation with Dr. Bob Bergh),

Sunblotch Yiroid indexing. A group of 8 trees in Field 46 ai UC SCREC tested positive for the sunbloteh viroid.
These trees were removed in Spring 2001. All the trees in field 4 at UC SCRIEC have been sampled for sunblotch
Results are still out on the last 7 trees but all other trees have tested negative for the sunblotch viroid.

B. To collaborute with ather researchers worldwide in evaluating and exchanging promising plant material.

Introduction of new germplasm. In May 1999 D. Stottlemyer, T. Chac and M. L. Arpaia visited Istael. Oune of
our objectives was to visit with Dr. A Ben-Ya'acov (o review the status of the various rootstock selections, which he
had made over the years. [n May 1999 M. L. Arpaia brought material from § selections plus budwood of the
*Ardith’ and the ‘Gi1l’. M. L. Arpaia revisited Dr. Ben-Ya’acov in March 2000 and obtained additional matenal.
Budwood from the 5 selections obtained in May 1999 was also once again acquired. We have tested this material
for the presence or absence of sunbloich. The VC49 selection (introduced mn 300 has tested posiive and was
destroved, This remaining matenial is currently in quarantine at UC, Riverside and is scheduled 1o be released for
propagation aml subsequent testing during the next vear.

We have continued to supply material to Dr. Richard Litz’s program in Florida on an on-going basis during early
{rut development. We are also supplying fruit and plant material 1o other researchers when requested.

C. To collaborate with Dr. Menge (DepL of Plani Pathelogy, UCR), and Dr. Crowley on rootstock selection
and craluation for both root rot resistance and salinity tolerance.

In Spring 1998 we topworked trees in the old “Gwen’ rootstock trial to the ‘Lamb Hass™ variety. This allows us to
assess its performance on the following rootstocks: G755A, G755B, (G755C, Toro Canyon, Orchard, Duke 7, D9,
Thomas, Tope Topa. The first yield data from this trial has been collected in 2001, The “take™ in this trial has been
mixed but we have successfully established sufficient trees for evaluation. We planted a new clonal rootstock trial at
UC SCREC with Dr. Menge in spring 1599. The ‘Hass' and the ‘Lamb Hass’ are included in this trial on selected
clonal rootstocks (*Hass’ on Day, Duke7, Dusa, Evstro, G755A, Purida, PP4, Spencer, Thomas, Toro Canyon; 20
replicates ‘Lamb Hass’ on Day, Duke 7. Evstro, Thomas, Toro Canyon; 20 replicates). The wees have set finut for
the 200172002 season and will be harvested sometime in Spring 2002.

We continue 10 collaborate with Dr. Crowley in his salinity research.

D. Evaluate the potentizl of new and established cultivars (B Mlower types) fer use a1 pollinizers in
collaboration with Drs. Ben Faber and Betty Fetscher; assist Dr. Mike Clegg on coordination of
pollinizer research plots as requested.

Pollinizer Trials. In conjunction with Ben Faber we established a pollinizer site in Ventura County (Oxnard) m
spring 1999, The vanetes included in this trial are *Ettinger’, ‘Fuerte”, ‘Bacon', “Zutano’, “Harvest’, *SirPrize’,
‘Nobel’ and “Marvel’. There are 60 (rées of each variety divided into 6 replicates of 10 trees each. The trees i tus
irial have been incorporated into the Avocado Pollination and Bee Biology project headed by Dirs. N. Waser and I3.
Fetscher. The furst year of differential yield datn is presented in Dr. Waser’s report. Ben Faber and M. L. Arpaia
also established a sile in Ventura County (Somis) looking at the distunce from the pollinizer rowvs. yield and now

43



have 3 years of yield data (no significant trends observed). Finally we established a pollinizer trial in San Luis
Obispo County using ‘Bacon’, “Nobel” (BL667), and ‘Marvel’ (BL516) with 7 replicates of each in spring 1998.
This trial was affected by the 12/98 freeze and required re-topworking of the trial trees. We had our first harvest
from this plot in 2001.

We continue o discuss with Dr. Clegg ways 1o incorporaic the B flower (ype sclections into an organized rescarch
program to evaluate the value of cutcrossing and which pollinizers to witize and to discuss finure directions for the

breeding program.

E. To assist Drs. Morse and Hoddle on identifving plant material tolerant to Persea mite and the avocade
thrips.

We have initiated a cooperative project with Dr. Hoddle looking al growth flushes and relative susceptibility to
persea mite. Dr. Hoddle will report on preliminary results of this effort.

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

An accurate plot map has been generated for the CAS Varicty Block. Any changes to the planting are being
recordad in the master database maintained by David Stottlemyer. The volunteers have been instrumental in
maintaining this block. The volunteers greft several new and/or historical varjeties on an on-going basis. We have
also established the capability of growing clonal trees on a small-scale for the breeding program. This is heing done
using the greenhouse facilities at UC SCREC.

G. 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 being revised and

updated with new information and photographs of different varieties and should be online by this fall. Questions
sent via e-mail are answered on an ongoing basis.




Figure 1. Yield dats (average fruit count per tree) from Field 4 vanety tnal at the UC South Coast Research and
Extension Center in [rvine, CA from 1999 - 2001.
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Figure 2. Average seed size (%% of total frut weight) for all sampling sites. Fruit sampled from November 2000
through August 2001
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Figure 4 Comparison of changes in % dry weight for ‘Hass™ and “Gem’ harvested from November 2000 through
August 2001 from the De Luz site in San Diego County.
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Figure 5. Comparison of changes in % dry weight for “Hass’ and ‘Nobel’ harvested from November 2000 through
August 2001 from the De Luz site in San Diege County.
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Figure 6. Comparisen of changes in % dry weight for “Hass™ and "Marvel’ harvested from November 2000 tlrough
August 2001 from the De Luz site in San Diego County.
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Figure 7. Comparison of changes in % drv weight for ‘Hass™ and ‘Harvest’ harvested from November 2000 through
August 2001 from De Luz site in San Diego County.
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Figure 8 Changes in dry weight percentage for "“GEM” from Novemher 2000 through August 2001 from sampling
sites (De Luz, Rainbow, Riverside, Irvine, Santa Paula, Oxnard, San Luis Obispo).
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Figure 9. A companson of dry weight changes for “GEM’ between the 1999/2000 and 2000/200] maturity seasons.
Data collected from the De Luz site in San Diego County,
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Enhancement of Avocado Productivity. Plant Improvement:
Selection and Evaluation of Improved Varieties and Rootstocks

Continning Project: Year 6 of 20

Project Leader: Mary Lu Arpaia (559) 646-6561
e-muil: mary arpaia@ucr.edu
Dept. of Botany and Plamt Sciences, UC Riverside
Kearney Agricultural Center, 9240 8. Riverbend Ave., Parlier, CA 93648

Cooperating Personnel: D. Stotilemyer, P. Robinson, W. Manor, K. Fjeld, J. Sievert,
UC South Couast Avocado Volunteers, R. Scora, J. Menge, D. Crowley, M. Clegg,
M. Hoddle, B. Faber and on-farm cooperators

Benefit to the Industry

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

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 detemmining the different cultural needs of each cultivar. Index trees for
distobution for sunblotch viroid with assistance of Drs. Allan Dodds and Deb Mathews.

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

C. To collaborate with Dr. Menge and Dr. Crowley on rootstock selection and evaluation for
both roet 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; assist Dr. Mike Clegg on coordination of pollinizer
research plots as requesied.

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 germplasm block located at
the UC South Coast Rescarch and Extension Center.

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

program.



Summary

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.

There arc 2 components of this objective. The first is the continued monitering of varieties from
the Dr. B. Bergh/Gray Mantin sclection program. The second component is the new phase of
scion sclection. Activitics for both components are summarized below.

Component 1. Continued monitoring of Bergh/Martin selections

Vanous ficld trials have been established to monitor the performance of a number of the
Bergh/Mantin selections. The following is a list of the cooperator trials we are maintaining. 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 te low/high temperature
when these cvents occur.

There arc also additional plantings of the Bergh/Martin selections scattercd throughout southern
California. We periodically visit these sites to evaluate trees and discuss tree performance with
the cooperators.

Topworked trials at Non-UC Sites

Santa Paula (Ventura County): topworked in 1998; “GEM’, *Harvest', “Sir Prize’, ‘RT5176",
‘QA 184, ‘Marvel’, *Hass’; 10 replicates.

Dc Luz (San Diego County); topworked in 1998; ‘Lamb Hass', ‘Sir Prize’, ‘GEM’, ‘OA184",
*Marvel®, ‘5-552°, *Nobel’, ‘Hass’, ‘Harvest’; 10 replicates.

D¢ Luz (San Dicgo County). topworked in 1998, approximatcly 80 *GEM’ trees divided
roughly in10 3 groups at the cooperator site.

San Luis Obispo (San Luis Obispo County); topworked in 1998 (Trees suffered from freeze in
12/98 nccessitating re-grafting of some selections in 1999; ‘RT5176°, “Hass®, ‘Sir Prize’,
‘GEM’, *Harvest’, ‘OA184’; 9 rcplicates.

Clonal trials at Non-UC Sites
Oxnard {(Venwra County); planted in 1996; ‘Lamb Hass’, ‘Sir Prize’, ‘GEM’, ‘OAlB4",
‘Marvel’, ‘Nebel’, ‘Hass’, ‘Harvest’. (This trial was flooded in 1997 and many trees died
due to this, however we are now working with the current owners to collect data from the
trecs which survived after the winter of 1997)
HTH Ranch (Ventura County}; “Lamb Hass’, ‘Marvel’, "GEM" and ‘Hass” A non-replicated
trial used for dry weights and fruit evaluation only.

Topworked trees at UC, Riverside Campus — ongoing, Replacement trees in Ficld 10,

Topworked trees at UC, South Coast Research and Extension Center (SCREC); Field 4 at the
Center has topworked trees (variablc number of replicates) from which we collect data. These
trees were topworked onto seedling rootstock trees in 1994 — 1996,

Sun Joagquin Valley Variety Trial — [999 at two sites (Porterville, Lindcove) with clonal irees
(Thomas rootstock); *Sir Prize® ‘Lamb Hass’, ‘Harvest’, ‘GEM’, *Nobel’, ‘Marvel’, ‘Pinkertont’,
‘Fuerte’, and *Zutano'; 20 replicates per scion varicty at cach site. We had trouble with tree



establishment for certain varieties, therefore surviving tree numbers varies with site and vanety,
We have also had problems with certain varicties dropping fruit prior to harvest; however we do
have | scason’s worth of dry matter testing and plan to collect further data this upcoming year.

Yield data from Bergh/Martin selections. We have collected yield data for the fifth year from
Field 4 at UC-SCREC (UC South Coast Research and Extension Center). Data collection for
2003 shows that for most varieties, this was an ‘on’ year (Figure I). The '‘GEM’ at this point
has the larges: cumulative vield over the five vear period. Comparing the coefficient of variation
shows that there is tendency ioward less extreme alternate hearing in ‘GEM’ (Figure 2; this is
ealeulated 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 also collected the third year of yield data from the Oxnard and Santa Paula sites in
Ventura County (Figures 3 and 4), the Righetti site near San Luis Obispo (Figure 5), and the De
Luz site in San Diego County (Figure 6),

Fruit churacteristics of BerglvMartin selections. 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 evaluated using standard protocels for such charactenistics as fruit shape, peel texture,
peel color, flesh color, the percent seed, flesh and skin and skin thickness.

Seasonal dry matter content of Bergh/Martin selections. Figurc 7 presents the trends in dry
weight for all varieties at the UC-SCREC site for 2003. Similar irends were observed at the
other 6 sampling sites {San Luis Obispo, Riverside, Santa Paula, Oxnard and De Luz). The
general paticrn for dry weight accumulations for each varicty in 2003 is consistent with the 2000,
2001, and 2002 data prescnted last year. A comparison between dry weight accumulations
betwcen three maturity seasons for the ‘GEM’ variety is presented in Figure 8. This data is from
the UC-SCREC site. All three seasons show the same general trends. The same can be seen for
the 'Harves!’ variety in Figure 9.

Blaom evaluation of Bergh/Martin selections. The bloom of spring 2003 was evaluated on the
rees in the unreleased variety block at UC-SCREC. This is the second year of this type of data
collection. Bloom was rated For intensity, and an estimatc of the number of open flowers was
made for each tree. This was done weekly throughout the bloom season. Figure 10iHustrates 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 identical with 'Hass' and ‘Harvest” (Figure 12) has a slightly later
bloom period than ‘Hass’,

Release of Bergh/Martin selections. The UC Office of Technology Tmnsfer has 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. The decision to move
forward with patenting for thesc 2 sclections differed for each. 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. Martin to
researchers in Spain, Israel and South Africa where there is interest in the variety fromn a
commercial perspective. While we are not certain about the sefection’s commercial powenual for
California. we were advised by UC-OTT to move ahead with patenting of the selection. The UC
Office of Technology Transfer is currently working on patents in various foreign countries that
are interested in this material.

Compenent 2. New Material for the Breeding Program

We are laking 2 approaches towards generating new material for the Catifornia industry. These
approaches are the outcome of discussions with B. O. Bergh, U. Lavi (Avocado breeder, Volcani
Institute, Israel) and A. W. Whiley (Australia). The first approach is to plant out seedlings from
interesting maternal sources; this is done without any effont to control paternity, This approach
was suggested by U. Lavi. In spring 2000, we planted the first 217 seedlings from mixed
maternal scurces 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 scedlings were
planted out and changes were made to the grecnhouse that would allow an expansion of the
seedling germination program. As a result, over 1,000 seeds were collected in 2003 and are
currently being transplanted into slceves to be planted in the field in spring 2004. Table 1 shows
the maternal parents of the cutrent seedling population planted at UC-SCREC. Interestingly, we
had 1 seedling flower and set fruit in 2001, only 1 year from planting. The maternal source of
this fruit was ‘Nobel' (BL667). Although the fruit quality is not acceptable (extremely large
seed), these results are encouraging since we know that we have germplasm for the breeding
program that is very precocious. Although there was some fruit set in 2002, most of the fruit was
tost due to an irrigation problem that has since been resolved. In October 2003, Dr. Grant Thorp
from HortResearch, New Zealand helped us to evaluate tree architecture of the oldest seedling
population. Dr. Thorp is currently working with the dawaset to help us define the “ideal” tree
type. This will help us in the seleetion process as well in efforts to evaluate the performance of
new selections on clonal rootstocks. In this process we identified one tree in the planting that has
a sympodial growth habit whicb is not normally associated with avocado.

Table 1. Open pollinated seedlings from varying maternal sources planted at the UC South
Coast Research and Extensjon Center from 2000 to 2003,

Maternal Source

Year Thille Total

Planted X Planted
5-552 Marvel  Nobel GEM Gwen lLamb GEM

2000 32 90 37 39 14 5 217

2002 75 51 a1l 20 237

2003 50 25 41 55 15 186
Totals 32 215 113 171 09 25 15 640
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In the second approach we have taken the more traditional approach of Dr. Bergh by establishing
isolation plots in various locations. Table 2 lists the location, year established and selections in
cach isolation block. The potential parents were selected under consultation with Dr. Bergh.
The first seeds from an isolation block (GEM x Thille) at UCR were collected in 2002 and
planted out this year (as indicated in Table 1 above: Thille x GEM). This ycar the isolation
blocks produced 65! fruit which are currently being propagated for field planting in spring 2004.

Table 2. Isolation blocks established in 1999 — 2001,

Parents Year established Location

GEM x Marvel 1999 (topwork) UC, Riverside

GEM x Thille 1999 (topwork) UC, Riverside

Gwen x Sir Prize 2000 (topwork) UC, Riverside
Gwen x Gwen 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x GEM 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Nobel 2001 (clonal tree) Nakamura, Ventura Co,
Lamb x Thille 2001 (clonal tree) Nakamura, Yentura Co.
Lamb x Reed 2001 (clonal tree) Nakamura, Venwurma Co.
Stewant x Reed 2001 (clonal trce) Nakamura, Venmra Co.

Sunblotch Vireid indexing. One hundred twenty-seven trees at the UC-SCREC were tested for
the sunblotch viroid between October i, 2002 and September 30, 2003, Of these trecs, 13 tested
positive for the Sunblotch Viroid and have been removed. All the positive trees were located in
one area near the end of Field 46. Two trees at the Pine Tree variety trial tested positive for the
sunblotch viroid. These trees have been scheduled to be removed. All the trees in field 4 at UC
SCREC have been sampled and have tested negative for the sunblotch viroid.

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

Introduction of new germplasm. In May 1999 D. Stottlemyer, T. Chao and M. L. Arpaia
visited Isracl. One of our objectives was to visit with Dr. A. Ben-Ya'acov to review the status of
the various rootstock selections, which he had made over the vears. In May 1999 M. L. Arpaia
brought material from 5 selections plus budwood of the ‘Ardith’ and the ‘Galil’. The *Ardith’ is
already in CA and is actually a sclection from Dr. Bergh which has becn commercialized in
Israel. The purpose of this introduction was to confirm trait characteristics of the tree currently
in the avocado variety collection at UC SCREC. M. L. Arpaia revisited Dr. Ben-Ya’acov in
March 2000 and obtained additional material. Budwood from the 3 selections obtained in May
1999 was also once again acquired. The majority of this material is rootstock selections. Some
of the material is known to be tolerant to root rot. This material will also be evaluated by Dr.
John Menge’s program. A number of the rootstocks, while having no known root rot tolerance,
were sclected based on Dr. Ben Ya'acov’s recommendation due to salinity tolerance, poor
drainage tolerance or other characteristics, We tested this material for the presence or absence of
sunblotch when the material entered quarantine. Unfortunately, one selection, VC49 (introduced
in 3/00), tested positive and was subsequently destroyed. The remaining material is currently in
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quarantine at UC, Riverside and is scheduled to be rcleased for propagation and subsequent
testing during 2003 year. Table 3 lists the matcrial brought to California in 1999 and 2000.
These trees were reieased from quarantine in 2003 and in Septcmber 2003 we planted 2 trees of
each variety in the Variety Collection at UC-SCREC. These trees will serve as budwood source
trees for future evaluations.

Table 3. Matcrial introduced into Californta from Ismael
in 1999 and 2000, Material is from the rootstock
selection program of Dr. A. Ben Ya’acov and the scion
selection program of Drs. E. Lahav and U. Lavi. The
material obtained in 1999 was given to John Mcenge in

June 1999,
YC# Date of collection
6 April ‘00
7 April ‘00
15 April ‘00
26 Apnl ‘00
28 Apnl “00
3 Apnl ‘00
40 June 99, April ‘00
19 June "99, April "00 (discarded due to
sunblotch)
51 April '00
65 June '99, Apnl “00
66 June "99, April ‘00
75 April "00
802 April ‘00
803 April ‘00
804 April ‘00
817 June ‘99, Apnl ‘0
Ardith June ‘99
Galil June ‘99

C. To collaborate with Dr. Menge (Dept. of Plant Pathology, UCR), and Dr. Crowley on
rooistock selection and evaluation for both root rot resistance and salinity tolerance.

As of July 2003 we discontinucd the two clonal rootstock trials planted in 1986 and 1988
respectively.  We planted a new clonal rootstock trial at UC SCREC with Dr. Menge in spring
1999 and coliceted a second year of yield data from this plot in spring 2003. The ‘Hass’ and the
‘Lamb Hass’ are 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).
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We continue to collaborate with Dr. Crowley in his salinity research and identified a research
plot in Santa Barbara for testing of ‘Hass’ and ‘Lamb Hass' on selected rootstocks from Dr.
Menge's program, South Africa and Israel.

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

In conjunction with Ben Faber we established a pollinizer site in Ventura County (Oxnard) in
spring 1999. The varicties included in this trial are ‘Ettinger’, ‘Fuerte’, ‘Bacon’, ‘Zutano’,
‘Harvest’, ‘Sir Prize’, ‘Nobel” and ‘Marvel’. There are 60 trees of each variety divided into 6
replicates of 10 trees each. We have reported the yield data from the trial each year. The data
from the 2003 harvest is shown in Figure 13. This was an “off” year in the plot as shown by the
fruit counts. The set in 2004 is very interesting since it is clear that fruit set is moderate to very
high near the pollinizer trees but drops off quickly as the distance increases. The cumulative data
for this trial is presented in Figure 14 and shows that there are distinct trends emerging from this
trial. Most of the activities for this plot are being subsidized from a gramt from the BARD. We
have this project as a collaborative effort with Drs. Arnon Dag and Sharoni Shafir (Israel) and
Dr. Tom Davenport (University of Florda). .

We have continued our discussions with Dr. Clegg on ways to incorporate the B flower type
sclections into an organized research program to evaluate the valuc of outcrossing and which
pollinizers to utilize and to discuss future directions for the breeding program. A boost to this
cffort came through the collaboration with Dr. Davenpert who is werking with Dr. Raymond
Schnell (USDA-ARS, Miami, FL) on a more economical way to determinc patcrnity. We
assisted Dr. Davenport in October 2003 by collecting fruit samples from one of the replicates in
the trial (48 samples of 20 fruit each). We are awaiting the results of their testing.

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

We continue to discuss periodically with Dr. Hoddle the influence of tree phenology and vanety
on relative susceptibility to persea mite. We assisted Drs. Hoddle and Morse on their thrips
studies in 2003,

F. To maintain and improve the CAS variety block and the Persea germplasm block
located at the 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 arc 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 several new and/or historical varieties on an on-going basis. In
December 2002 we were able to obtain budwood of the ‘Puebla’ variety from the Catholic
University of Valparaiso in Chile. This budwood is currently in quarantine. Once released, this
material will be planted in the Varicty collection.
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G. To insure the timely and effective dissemination of information developed from this
research program.

The current avocade 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 via e-mail or forwarded from the California Avocado Commission are answered
on an ongoing basis.

Figure 1. Varicty trial yield data (average fruit count per trec) collected from Field 4 at the UC
South Coast Research and Extension Center in Irvine, CA from 1999 - 2003. 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 Ficld 4
at the UC South Coast Research and Extension Center in lrvine, CA from 1999 - 2003.
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Figure 3. Varicty trial yield data (average fruit count per trec) collected from DeBusschere
Ranch, Oxnard, CA for 2001 - 2003. Trees were planted on clonal Duke 7 rootstock in 1996.
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Figure 4. Variety trial yield data (average fruit count per trec) collected from Pine Tree Ranch in
Santa Paula, CA for 2001 —2003. Trees were topworked onto seedling rootstock in 1998.
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Figurc 5. Varicty trial yicld data (average fruit count per tree) collected from Righetti Ranch in
San Luis Obispo, CA for 2001 — 2003. Trees were topworked onto seedling rootstock in
1998 - 99.
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Figure 6. Variety trial yield data (average fruit count per tree) collected from ACW Ranch in De
Luz, CA for 2001 — 2003. Trees were topworked onto seedling rootstock in 1998 - 99,
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Figurc 7. Comparison of changes in dry matter content (%) for all varieties harvesied from
January 2003 through September 2003 from the SCREC site, Irvine, CA.
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Figure 8. Comparison of changes in dry matter (%) for *GEM’ harvested during the 2000 - 2003
maturity seasons, Data collected from the SCREC site, Irvine, CA.
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Figure 9. Comparison of changes in dry matter (%) for *Harvest” harvested during the 2000 -
2003 maturity seasons. Data collecied from the SCREC site, Irvine, CA.
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Figure 10. Comparison of average bloom dates for two years for all varicties from February
through May at the UC South Coast Research and Extension Center, Irvine, CA.
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Figure 11. Companson of pereent bloom for *Hass’ and *GEM’ from February through May
2003 at the UC South Coast Research and Extension Cenzer, Irvine, Ca.
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Figure 12. Companson of percent bloom for ‘Hass® and ‘Harvest’ from Fcbruary through May
2003 at the South Coast Research and Extension Center, Irvine, Ca

Percent Bloom

40

1

1 T T L T T

KBl 1 VI 22 NI O VE 41 4l M VB v T

Calendar Date

19



Figure 13. ‘Hass’ yield (fruit count) from the DeBusschere pollinizer trial in Oxnard in 2003 as
influenced by pollinizer variety and distance from the pollinizer.
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Figure 14. Cumulative “Hass” fruit counts (2001 — 2003) from the DeBusschere pollinizer trial in
Oxnard as influenced by pollinizer variety and distance from the pollinizer,

s34

g

Numbeer of Frust
z 2

s B

>

BL66T

Nesnis Polcrc ey,
IIW'ﬂ]—'anw D 27 feet W54 fect

20



Proceedings of the California Avocado Research Symposium, October 30, 2004, University of California,
Riverside. Califarnia Avocado Commission Pages 3-23.

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

Continuing Project: Year 8 of 20

Project Leader: Mary Lu Arpaia (559) 646-6561
e-mail: mary.arpaia@ucr.edu
Dept. of Botany and Plant Sciences, UC Riverside
Kearney Agriculiural Center, 9240 S. Riverbend Ave., Parlier. CA 93648

Cooperating Personnel: D, Stottlemyer, 1. Bates, W. Manor, K. Fjeld, J. Sieveri, Eric Focht
UC South Coast Avocado Volunteers, J. Menge, D. Crowley, M. Clegg, B. Faber and on-farn
cooperators

Benefit to the Industry

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. Increasing the genetic diversity of varieties will decrease the risk of
major pest and disease invasions on a susceptible moneculiure.

Objectives

A. To produce new avocado varieties, superior to ‘Hass’ in consistent produchvity and
postharvest fruit quality and marketability, with fruit of optimum maturtty and stze vear-
round. This includes determining the different cultural needs of each cultivar. Index trees
for distribution for sunblotch viroid with assistance of Drs. Allan Dodds, Jim Heick and Deb
Mathews.

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

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

D. Evaluate (he potential of new and established cultivars (B flower types) for use as pollinizers
in collaboration with Dr. Ben Faber; assist Dr. Mike Clegg on coordination of pollinizer
research piots as requested.

E. To assist Drs. Morse and Hoddle on identifving plant matenal tolerant to Persea mite and the
avocado thrips ss requested.

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

G. To insure the iimely and effective dissemination of informetion developed from this research
program.



Summary

A. To produce new avocadoe varieties, superior to ‘Hass’ in consistent productivity and
postharvest fruit quality and marketability, with fruit of optimum maturity and size
year-round.

There are 2 components of this objective. The first is the continued monitoring of varieties {rom
the Dr. B. Bergh/Gray Martin selection program. The second component is the new phase of
scion selection. Activities for both components are summanzed below.

Component 1, Continued monitoring of Bergh/Martin selections

Various field trials have been established to monitor the performance of a number of the
Bergh/Martin selections. The following is a list of the cooperator trials we are maintaining, 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 low/high temperature
when these events occur

There are also 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 trials at Non-UC Sites

Santa Paula (Ventura County); topworked in 1998; *GEM’, “Harvest’, “Sir Prize’, "RT5176°,
‘OA184°, ‘Marvel”, ‘Hass"; 10 replicates.

De Luz (San Diego County); topworked in 1998; ‘Lamb Hass", "Sir Prize’, "GEM’, ‘Marvel’,
*5-552°, "Nobel’, "Hass’, "Harvest’; 10 replicates.

De Luz (San Diego County), topworked in 1998; approximately 80 ‘GEM’ trees divided
roughly into 3 groups at the cooperator site.

San Luis Obispo (San Luis Obispo County); topworked in 1998 (Trees suffered from freeze in
12/98 necessitating re-grafting of some selections in 1999; ‘RT5176°, “Hass’, “Sir Pnize’.
*GEM’, ‘Harvest”, ‘0A184"; 9 replicates.

Clonal mials ar Non-UC Sites
Oxnard (Ventura County), pianted in 1996, *Lamb Hass’, "Sir Prize’, "GEM’, "OA184’,
‘Marvel’, ‘Nobel’, ‘Hass’. “Harvest’. (This trial was flooded in 1997 and many trees died
due to 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
trial used for dry weights and fruit evaluation only.

Topworked trees at UC, Riverside Campus — ongoing, Replacement trees in Field 10.

Topworked trees at UC, South Coast Research and Extension Center (SCREC); Field 4 at the
Center has topworked trees (vanable number of replicates) from which we collect data.
These trees were topworked onto seedling rootstock trees in 1994 — 1996,

San Joaquin Valley Variety Trial — 1999 at two sites (Porterville, Lindcove) with clonal trees
(Thomas rootstock); *Sir Prize” ‘Lamb Hass', ‘Harvest’, ‘GEM’, ‘Nobel’, ‘Marvel’, ‘Pinkerton’,
‘Fuerte’, and ‘Zutano’; 20 replicates per scion variety at each site. We had trouble with tree
establishment for certain vaneties, therefore surviving tree numbers varies with site and variety.
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We have also had problems with certain varieties dropping fruit prior to harvest: however we do
have 1 season’s worth of drv matier testing and plan 1o collect further data this upcormung year

Yield data from Bergh/Martin selections. We have 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 vaneties, this was an "on’ year (Figure 1). The ‘Lamb Hass’ at this
point has the largest cumulative yield over the six vear period. Note also the exireme alternate
bearing of the 'Sir Prize' during this time. The fruit load was so heavy in 2004 that the trees had
virtually no flowers during the spring 2004 flowering season. Comparing the coeflicient 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 of the
relative variation of the data for a particular variety).

We have also collected the fourth year of vield data from the Oxnard site and are in the process
of finishing the harvesting at the Santa Paula site in Ventura County (Figures 3 and 4), the
Righetti site near San Luis Obispo (Figure 5). Data from the De Luz site is incomplete at this
fime,

Fruit characteristics of Bergh/Martin selections. 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 evaluated using standard protocols for such charactenstics as fruit shape. peel
texture, peel color, flesh color, the percent seed, flesh and skin and skin thickness.

Seasonal dry matter content of Bergh/Martin selections. We collected dry matter data as in
previous vears. The general pattem for drv weight accumulations for each vanety in 2004 is
consistent with the 2000 - 2003 data as previously reported.

Bloom evaluation of Bergh/Martin selections. The bloom of spring 2004 was evaluaied on the
trees in the unreleased variety block at UC-SCREC. This is the third vear of this type of data
collection. Bloom was rated for intensity, and an estimate of the number of open flowers was
made for each tree. This was done weekly throughout the bloom season. Figure 6 illustrates the
relative timing of each variety over the 3 vear 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
drv weather we had in Jate April and May.

Release of Bergh/Martin selections. The UC Office of Technology Transfer has 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. Budwood for this variety
was collected by various nurseries in the spring of 2004, Growers interested in these vaneties
can either contact M. L. Arpaia, D. Stottlemyer or Dr. William Tucker at the UC Office of
Technology 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, L. Lavi (Avocado breeder. Volcani
Institute, Israel) and A. W. Whiley (Australia). The first approach is to plant cut seedlings from
interesting matemal sources; this is done without any effort to control patemity. This approach
was suggested by U. Lavi. In spring 2000, we planted the first 217 seedlings rom muxed
matemnal sources to provide material for the “next generation™ of avocado selections using this



approach. An additional 237 seedlings were planted out in 2002 and 186 seedlings in 2003. So
far, 242 seedlings have been planted out in 2004 with another 350 seedlings to be planted this
fall We anticipate an additional 350 seedlings will be planted out in Spring 2005. Table |
shows the maternal parents of the current seedling population planied at UC-SCREC.

Table 1. Open pollinaied seedlings from varying matemal sources planted at the UC South
Coast Research and Extension Center from 2000 10 2004,

e Maternal Seurcel = — Total
AAm ille x X
Planted | 5-552 | Marvel | Nobel | GEM | Gwen sl GEM BL516 Planted
2000 32 90 37 39 14 5 217
20602 75 51 91 20 257
2003 50 25 41 55 15 186
2004 30 61 48 42 55 6 242
Totals 62 276 121 213 124 25 15 6 882

Of the 217 trees planted in 2000, 73 produced [ruit and were evaluated this year. Three
seedlings show some promuse and have been grafied onto Duke7 rootstock for further evaluation
A fourth seedling tested very high in percent dryv weight at 35, 12% on 1/5/04. Thinking this was
a mistake, it was retested on 3/1/04 and came in at 4264%! This may well be a very early
matunng vanety an as such is being waiched closely for the upcoming season.

In the second approach we have taken the more traditional approach of Dr. Bergh by establishing
1solation plots in various locations. Table 2 lists the location, vear established and selections in
each 1solation block. The potential parents were selected under consultation with Dr. Bergh. A
total of 433 seed were collected for germunation from the isolation blocks including the first
group of seeds from the Nakamura site in 2004.

Table 2. Isolation blocks established in 1999 — 2001,

Parents Year established Location

GEM x Marvel 1999 (topwork) UC, Riverside

GEM x Thille 1999 (topwork} UC, Riverside

Gwen x Sir Prize 2000 (topwork) UC, Riverside
Gwen x Gwen 2001 (clonal tree) Nakamura, Ventura Co
Lamb x GEM 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Nobel 2001 (clonal tree) Nakamura. Ventura Co.
Lamb x Thille 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Reed 2001 (clonal tree) Nakamura, Ventura Co.
Stewart x Reed 2001 (clonal tree) Nakamura, Ventura Co

Sunbletch Viroid indexing. One hundred forty six trees at the UC-SCREC were tested for the
sunhlotch virotd between October 1. 2003 and September 30, 2004. Of these trees, 3 tested
positive for the Sunblotch Viroid and have been removed. Two of the positive trees were in field
46 and represent our continuing effort to eliminate sunblotch from that field. One positive tree
was found in field 44. This is the first positive tree in that field and it was removed immediately.



All surrounding trees were tested but all were negative. Current plans are to retest the adjacent
trees again in 2005 (o make sure the viroid has been elinunated from this field.

B. To cellaborate with ather researchers worldwide in evaluating and exchanging
promising plant material.

Introduction of new germplasm. We have continued to plant out new vaneties as they come
out of quarantine. Last year’s refease of Ardith (re-introduced from Ismael) and the VC series of
Israeli rootstocks has pone well as all of the trees are established in the field at the UC South
Coast REC. Trees from the VC series were provided to Dr. Menpe 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 Nurserv Association.
This material came to California under a test agreement. Once the trees are released from
quarantine we plan to plant out a limited number of trees for evaluation at South Coast Research
and Extension Center. The Puebla, which is a heritage vanety onginating 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 confimmed the identity of the variety in
Chile, we elected to bring this variety back to Califernia for placement in the variety collection.
Other Puebla trees in California are of uncenain identity and this introduction will aid us in
identifying Puebla trees growmng throughout southern California The planting of this material
may need to take place in fall of 05 as they will most likelv require a hardening off period in the
UCR lathhouses before theyv can be planted into field 44.

Finatlv, two additional varieties of interest have been brought in from Chile from the Andes
Nursery Association {AN.A)}. This material arrived in September of 2004 and is now in
quarantine for two years.

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.

As of July 2003 we discontinued the two clonal rootstock tnals planted in 1986 and 1988
respectively. We planted a new clonal rootstock tnal at UC SCREC with Dr. Menge in spring
1999 and collected a third vear of yield data from this plot in spring 2004. The ‘Hass’ and the
‘Lamb Hass' are included in this trial on selected clonal rootstocks (‘Hass’ on Day, Duke7,
Dusa, Evstro, G755A, Parida, PP4, Spencer, Thomas, Toro Canvon; 20 replicates "Lamb Hass’
on Day, Duke 7, Evstro, Thomas, Toro Canyon; 20 replicates)

We continue to collaborate with Dr. Crowley in his salinity research whenever possible and have
assisted in the evaluation of a salinitv/Phytophthora rootstock tnal established in Sanla Barbara
using rootstocks from Dr. Menge's program. South Africa and Israel.

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



In conjunction 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 Shalir (Israel) and Dr. Tom Davenport (University of Florida)) to collect floral data as
well at this site as well as 2 other sites. Below we have included a progress report of both our
CAC and BARD funded efforts. Dr. Loreita BDates oversaw the field research efforis for the
2004 season. In late March 2004, Dr. Gad Ish-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 Califomia from April through
June 2004. Two sites are located on the flat coastal plain south of Camarillo, Califomia and the
third site is northeast of the city of Santa Paula, California on the lower south-facing slopes of
the coastal mountains. The two coastal sites were in commercial groves of Mr. Paul
DeBusschere. The southern site is the location of the pollinizer trial and the site 3 miles north 1s
the location of the variety trial (vield reperted in Figure 3). The pollinizer site 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 10 trees. There 1s a pollinizer
vanety interplanted with the Hass every 6" row. Fach subsample 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 125 R, We have 10 pollinizer trees per
subsample. The variety site was onginally planted as a completely randomized block design to
evaluate new cultivar varieties [rom the UC Scion Breeding Program. The trees were planted in
1996. All trees are grafted on clonal Duke 7 rootstock. Due to flooding shorily afier the
planting of this trial, there are a mixed number of replications. There are 5 to 6 replications per
vanety. The inland site is in the commercial groves of Mr. Logan Hardison (~25 miles inland).
The inland site is a high density commercial planting with pollinizer rows intermixed with
‘Hass’.

Temperature and humidity data were collected continuously through the months of Apnl and
May by remole sensors in weather stations at each site. Tree flowering phases and {lowering
stages of individual flowers were observed in the following avocado varieties, Hass, Lamb Hass,
Ettinger, Fuerle, Zutang, Bacon, Harvest, Gem, SirPrize, BL516 (Marvel) and BL667 (Nobel).

Observations of tree [Towering phases were made April 13-15, Apnl 21-23 and Apnl 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 19-21, 2004 at both of the
coastal sites.

For tree flowering phases, observations were made approximately every hour on three randomly
selected trees of each vanety, On each tree, a minimum of fifieen flowers 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 Ish-Am and Eisikowitch (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 Mowers, inflorescences were
labeled and flagged on randomly selected trees of each variety. As flowers opened as female,
they were marked with colored ink indicating the order of initial opening. Qbservations 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.



One goal of the 2004 study was to collect data at a wide range of temperatures, both day and
night. Except for two abnormally hot periods, the temperatures at all sites were cool (less than
25°C maximum) on most of the measurement days during April and May of 2004. The coastal
plain sites were especially cool and humid, characterized by a daily pattern ol moming fog or
heavy dew followed by late moming sun. The upland Hardison site was somewhat warmer and
drier. Both sites experienced strong on-shore winds commencing by mid-day and continuing
until near sundown on most days.

As a result of the cool humid weather, the flowers typically remained open in the moming from
the previous day or night or opened after fog lifted, usually by mid-moming. 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 vet opened as males by sundown. In Type B flowers (SirPrize, Fuerte, Zutano,
Ettinger, BL516, BLG67. and Bacon) it was common to see flowers open only as males during
the dav 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 males did
not occur on day 2 but rather in the morning of day 3 of the measuremeni period. Type A
flowers tagged as females did open as males the following day, although somenmes very late
and as mentioned previously, sometimes completing the male 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 wilh 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 cormrelation.

Table 3 gives examples of tree phases observed on a cool day (April 23; maximum temp,
20.2°C; minimum temp, 7.4°C} at the south DeBusschere site and on the warmest day (April 30;
maximum temp, 29.9°C; minimum temp, 11.7°C) at the Hardison site for the varieties Harvest
(Tvpe A) and BL516 (Type B).

Table 3. Flowering behavior of *Harvest’ (A floral type) and ‘BL516" (B fleral type)
under
Harvest BL516
Cool Varm Lol Warm
D4+ DiF D2, D3*, D4 Bl* B3*, C,D], D2
jE! Bl, B2 Bl®, B2 BS*, DY D1, D2
Bi B2, B3 D1,D2 D1, D2, D3
Bl, B2 B3,C, DI, D2 D1, D2, D3 D2, D3
B1, B2, B3 D1, D2, D3, D4 DI, D2, D3, D4 D4
B3, C,D] DI, D2, D3, D4 D2, D3, D4 B1, M
B3. D1.D2 D2, D3, D4 B1,1M4 Bl,B2, D4
D1, D2, D3, D4 Bi. B2, B3
B2, B3
B3.C
*8Blages from previous day.
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Analvsis of the floral data is continuing and will include additional analvses of the correlations
between (loral stages and temperature averages, maxima and minima. In addition to the analvsis
of floral biology observations for 2004, HPLC analysis of sugars in honey collected during the
2003 flowering season is conlinuing,

We harvested the DeBusschere Pollinizer plot Apnil 13-15, 2004 for vield. Figure 7 presents the
data for 2004. The yield this vear was very heavy from the plot, averaging 220 fruit per tree
The 4-vear cumulative fruit count for the trial is presented in Figure 8. As both figures
demonstrate, proximity to a pollinizer at this site continues to influence vield. This effect was
especially dramaiic this year (Figure 7).

The *SirPrize’, a variety released by UC in the mid 1990's has surpassed the other pollinizers in
terms of vield We are monitoring the SirPrize more closely this year to collect better data on its
bloom phenology in relation to the ‘Hass’. As part 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 in March, that this variety had abnormal pistils on the majority of the
flowers. We are monitonng this further. This may account for the “erratic™ bearing habit of the
‘SirPnze’.

The DeBusschere plot is bordered by a hedge of eucalyptus trees on the east and west sides of
the field and between rows 24 and 26 there is a Lombardi poplar wind break. These windbreaks
have a negative impact on tree vield and vigor. Figure 9 shows the impact of these windbreaks
on average vield 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
pollinizer rows).

Figure 10 illustrates the relative size of the pollinizer trees to their companion ‘Hass™ trees in
Apnil 2004 Many of the pollinizer trees were as tall as or taller than the nearby “Hass™ trees so
in Fall 2003, these trees were topped to approximately 6 to 8 feet.

Table 4. Average ‘Hass' dry weight, fruit length/wvidth ratio
and seed length/width ratio harvested from pollinizer rows.
Mean separation by LSD, P< (.05.

Dry weight Fruit Sced

(%a) length/width  length/width

Pollinizer e ratio ratio
Bacon 2534 ab 1.39 1.13 be
BLS516 (Marvel) 2445 ¢ 1.40 1.14 bc
BL667 (Nobel) 2620a 1.43 1.15 abe
Ettinger 2530 abe 1.37 111 ¢
Fuerte 2480 be 1.39 1.192
Harvest 2495 be 1.45 1.18 ab
Sirprize 2494 be 1.37 1.15 be
Zutano 26.08 a 1.37 1] <
Significance 0.03 ns (.05
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At the time of the fruit harvest, we collected 8 “Hass™ fruit (6.77 oz average size) from each
pollinizer row (6 replications). Drv weight was determined on each fruit. We also measured the
length and width of fruit from 3 of the replications. Table 4 presents these results. Note that
there were significant diffcrences in both dry weight and the seed length/widih ratio due to
pollinizer. The ‘Hass® {ruit that was harvested from the ‘BLG67’ and ‘Zutano’ rows had
sipnificantly higher dry matter than fruit harvested from the ‘Harvest', ‘Sirprize’, “Fuerte’ and
‘BL516’ tows. We were not able to detect any significant effects on fruit shape as measured by
the lengih/width ratio due to the pollinizer variesy. We found. however. that there were slight
but signilicant differences due to pollinizer vaniety on the length/width ratio of the seeds. ‘Hass’
frwt from the ‘Fuerte” and ‘Harvest’ rows had slightly more elongated seeds as compared to
seeds from the ‘Zutano” and ‘Ettinger’ rows, We plan to do more in-depth sampling this coming
fruit season to venfy these observations.

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

An accurate plot map has been generated for the CAS Vanety Block at UC-SCREC. Any
changes to the planting are being recorded in the master database mainlained by David
Stotttemver. The UC-SCREC avocado volunteers have been instrumental in maintaining this
biock. The volunteers grafl several new and/or historical varieties on an on-going 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
field 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 al: 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 via e-matl or forwarded {rom the California Avocado Commission are answered

on an ongoing basis.




Figure 1. Vanety trial vield data (average fruit count per tree) collected from Field 4 at the UC
South Coast Research and Extension Center in frvine, CA from 1999 — 2004, Trees were
topworked onto seedling rootstock in 1994 - 1996. Harvest for the selections denoted with a =™~
1S incomplete as of September.
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Figure 2 The Coefficient of Variation (%) in vield (fruit number) for each vanety from Field 4
at the UC South Coast Research and Extension Center in Irvine, CA from 1999 — 2004
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Figure 3. Variety trial vield data {average fruit count per tree) collected from DeBusschere
Ranch, Oxnard, CA for 2001 - 2004. Trees were planied on clonal Duke 7 rootstock in 1996,
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Figure 4. Vanety tnal vield data (average fruit count per tree) collected from Pine Tree Ranch in
Santa Paula. CA for 2001 — 2004. Trees were lopworked onto seediing rootstock in 1998
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Figure 5. Variety tnal vield data (average fruit count per tree) collected from Righetti Ranch in
San Luis Obispo, CA for 2001 — 2004 Trees were topworked onto seedling rootstock in 1998 -
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Figure 6. Companson of average bloom dates for two vears for all varieties from February
through May at the UC South Coast Research and Extension Center, Irvine, CA.
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Figure 7 "Hass’ vield (frut count) [rom the DeBusschere pollinizer trial in Oxnard in 2004 as

influenced by pollinizer vanety and distance from the potlinizer
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Figure 8. Cumulative ‘Hass’ fruit counts (2001 - 2004) from the DeBusschere pollimzer trial in

Oxnard as influenced by pollimzer vanety and distance from the pollinizer

300

450 1

Number of Fruit
%

Bacon

Sirprize Zudtano Ettmger BLI1S

Nearest Pollmzer Vane!y

@ With-in Row O 27 feet B 54 feet

21

Blo67

Harvest



Figure 9. The impact of windbreaks and pollinizers on ‘Hass’ fruit counts for the
April 2004 harvest at the DeBusschere Pollinizer Plot in Oxnard, CA. (Yellow bars
are frunt counts for ‘Hass™ in the pollimzer rows and are the means for 6

replications.)
Flgure 3. The impact of windbreaks and podlnizers an '11ass’ fruli counts for the April 2004

harvest of the DeBusschere Pollinkzer Plot in Ownard, Callfornis. (Vellow bary wre frult counls for
"Hass' In the pollinizer rows)
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Figure 10. Relative size of pollinizer varicties to "Hass™ trees at the DeBusschere
Pollinizer Plot tn Oxnard. CA. Photos taken in April 2004, Trees of all pollinizers.
with the exception of "Marvel” and "Nobel™ were topped in Fall 20u3.
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Proceedings of the California Avocado Research Symposium, October 29, 2003. University of Califorma,
Riverside. Sponsored by the California Avocado Commission. Pages 50-61.

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

Continuing Project: Year 9 of 20

Project Leader: Mary Lu Arpaia (559) 646-6561
e-mail: mary.arpaial@ucr.cdu
Depn. of Botany and Plant Sciences, UC Riverside
Kearney Agricultwal Center, 9240 S. Riverbend Ave., Parlier, CA 93648

Cooperaring Personnel: [ Stotilemyer, kric Focht. M. Crowley, L. Bates. W. Manor, K. Fjeld,
J. Sievert, UC South Coast Avocado Volunteers, G. Douhan, D. Crowley, M. Clegg, B. Faber
and on-farm cooperaiors

Benefit to the Industry

This project will help to maintain and enhance the California avocado industry by introducing
consistenily heavier producing, high-quality avocado vaneties, better pollinizer vaneties, 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 vaneties, superior to ‘Hass’ in consistent productivity and
postharvest fruit quality and marketability, with fruit of optimum maturity and size vear-
round. This includes determining the different cultural needs of each cultivar. Index trees
for distnbution for sunblotch viroid wath assistance of Drs. Allan Dodds, and Deb Mathews.

B. To collaborate with olher researchers worldwide in evaluating and exchanging promising
plant matenial.

C. To collaborate with Dr. Douhan and Dr. Crowley on rootstock selection and evaluation for
bath root rot resistance and salinity toferance,

D. Evaluate the potenlial of new and established cultivars (B lower types) for use as pollinizers
in collaboration with Dr. Ben Faber and others as requested.

E. To maintan and improve the CAS vanety block and the Persea germplasm block located at
the UC South Coast Research and Extension Center.

F. To insure the timely and effective dissemination of imformation developed from this research
program.

Summary

A. To produce new avocado varieties, superior to “Hass’ in consistent productivity and
postharvest fruit quality and marketabiiity, with frui¢ of optimum maturity and size
year-round.



There are 2 components of this objective. The first is the continued monitoring of vaneties from
the Dr. B, Bergh/Gray Marlin selection program. The second component is the new phase of
scion selection. Activities for both compoenents are summarized below.

Component 1. Continued monitoring of Bergh/Martin selections

Various field trials have been established to monitor the performance of a number of the
Bergh/Martin selections. Several of the sites are now at the end of their allotted time period and
afier the final daia are collected, those sites will be terminated. The following is a list of the
cooperator trigls we are maintaining and those sites to be terminated. In 2002 we nstalled data
loggers to monitor air and soil temperature and relative humidity at ali sites. We plan to use this
data to help us assess the selection’s response to low/high temperature when these evenls occur.

There are also additional plantings of the Bergh/Martin selections scattered throughout southern
California. We pernodically visit these sites to evaluale trees and discuss tree performance with
the cooperalors,

Topworked trials at Non-1/C Sites

Santa Paula (Ventura County); topworked in 1998; ‘GEM’, *Harvest’, *Sir Prize’, *RT5176’,
*QAI184", ‘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 Counly); topwoiked in 1998, approximately 80 *‘GEM’ trees divided
roughly inio 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 of some selections in 1999; ‘RT5176°, “Hass’, ‘Sir Prize’,
‘GEM’, ‘Harvest’, ‘OA184"; 9 replicates. Ending 2005.

Clonal trials at Non-UC Sites
Oxnard (Ventura County); planted in 1996; “Lamb Hass’, ‘Sir Prize’, ‘GEM’, ‘OA184°,
‘Marvel”, “Nobel’, “Hass’, ‘Harvest’. (This trial was flooded in 1997 and many trees died
due to this, however we are now working with the current owners to collect data from the
trees which survived afier the winter of 1997)
HTH Ranch (Ventura County); *Lamb Hass’, "Marvel’, ‘GEM’ and *Hass’ A non-replicaied
trial used for dry weights and [ruit evaluation only,

Topworked trees at UC. Riverside Campus ongoing, Replacement trees in Field 10.

Topworked trees at UC, South Coast Research and Extension Center (SCREC). Field 4 at the
Center has topworked trees (vanable number of replicates) from which we collect data.
These trees were topworked onto seedling rootstock trees in 1994 — 1996.

San Joaguin Valley Variery Trial - 1999 at two siles (Porterviile, Lindcove) wiih clonal trees
(Thomas rootstock);, *Sir Prize’ ‘Lamb Hass’, ‘Harvest’, ‘GEM’, ‘Nobel’, ‘Marvel’,
‘Pinkerton’, “Fuerte’, and ‘Zutano’; 20 replicates per scion vanety at each site. We had
trouble wilh tree establishment for certain vanielies, therefore surviving tree numbers varies
with site and variety. Inspring 2005, several trees al the Lindcove site collapsed. Subsequent
testing revealed that collapse and subsequent tree death was due to Phytophthora cinnamomi,
We have also had problems with certain vaneties 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
for 2005 shows that for most varieties, this was an “off” vear (Figure 1). The ‘(vanety as
indicated by data) at this point has the largest cumulative vield over the seven year penod.
Comparing the coeflicient of variation shows that there is tendency toward less extreme
alternate 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 of the data for a particular variety).

We have not yet completed the fifth year of vield data from the Santa Paula site in Ventura
County, the Righetti site near San Luis Obispo, nor the De Luz site in San Diego County. There
is no vield information from the Oxnard site as the grove was inadvertently harvested before the
data could be collected.

Fruit characteristics of BerglyMartin selections. 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 evaluated using standard protocols for such characteristics as fruit shape, peel
texture, peel color, flesh color, the percent seed, flesh and skin and skin thickness.

Seasonal dry matter content of Bergh/Martin sclections. The trends in dry weight
accumulation were similar {o the trends observed in previous years. The general pattem for dry
weight accumulations for each variety in 2005 is consistent with the 2000 — 2004 data presented
previously. A comparison between dry weight accumulations between six maturity seasons for
the “GEM’ variety is presented in Figure 3. This data is from the UC-SCREC stte.

Bloom evaluation of Bergh/Martin selections. The bloom of spring 2005 was evaluated 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 estimate of the number of open flowers was
made for each tree. This was done weekly throughout the bloom season. Figure 4 illustrates the
relative timing of each variety over the 4 vear penod.

Release of Bergh/Martio selections. The UC Office of Technology Transfer ohtained 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. Marlin to
researchers in Spain, Israel and South Africa where there is interest in the varety from a
commercial perspective. The UC Office of Technology 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
of Technology Transfer for more information.

Component 2. New Material for the Breeding Program

We are taking 2 approaches towards generating new material for the Califomia industry. These
approaches are the outcome of discussions with B. O. Bergh, U. Lavi (Avocado breeder, Volcani
Institute. Israel) and A. W. Whiley (Australia). The first approach is to plant out seedlings from
interesting matemal sources; this is done without any effort to control paternitv. This approach
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was suggested by U. Lavi. In spring 2000, we planted the first 217 seedlings from muxed
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+
seedlings 1o be planted this fall. We anticipate an additional 350 seedlings will be planted out in
spring 2005. Table 1 shows the matemal parents of the current seedling population planted at
UC-SCREC.

Table 1. Open pollinated seedlings from varying matemal sources planted al the UC South Coast
Research and Extension Center from 2000 to 2005.

Maternal Source
Year — = » » = o Tolal
Paned | % g B & § E% § E 53 s2 I3 S ¢ | Planted
s 2 2 © & 3 g E|Ec HE v 7 é

2000 32 90 37 39 14 5 217
2002 75 3 o1 20 237
2003 50 25 41 535 15 186
2004 30 61 48 42 55 6 244
2005 60 73 99 23 60 3 17 179 12 113 645
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 some trees with lost labels where the parents are
“unknown. "

Of the 217 trees planted in 2000, 86 have produced fruit and have been evaluated. Seven
seedlings have been selecied 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 grafling was done, one additional seedling was flagged for further
evaluation bringing the total number of interesting selections to 8. Two of these selections were
selected for their sympodial growth habit; the other 6 were selected mainly on the basis of flavor.

Table 2. Isolation blocks established in 1999 — 2001.

Parents __Year established Location

GEM x Marvel 1999 (topwork) UC, Riverside
GEM x Thille 1999 (topwork) UC, Riverside
Gwen x Gwen 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x GEM 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Nobel 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Thille 2001 (clonal tree) Nakamura, Ventura Co.
Lamb x Reed 2001 (clonal tree) Nakamura, Ventura Co.
Stewart x Reed 2001 (clonal tree) Nakamura, Ventura Co.

In the second approach we have taken the more traditional approach of Dr. Bergh by establishing
1solation plots in various locations. Table 2 lists the location, year established and selections in
each isolation block. The potential parents were selected under consultation with Dr. Bergh. A



total of 305 seed were collected for germination from the isolation blocks and 864 from open-
pollinated sources for a total of 1169 seeds to be germinated for the 2005-2006 season.

In June 2005, we asked Dr. Uri Lavi (fruit breeder including avocado {rom the Volcani Institute
in Israel) and Dr. Jose Chaparro (citrus and stone f{ruit breeder from the University of Florida,
Gainesville) to review our progress over the last 6 years. They made many useful suggestions
for improvement of the program and helped us in developing strategies for the future. Their
comments are available 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 September 30, 2005. Of these trees, 11 tested
positive for the Sunblotch Viroid and have been removed. All of the positive trees were in field
46 and represent our continuing effort to eliminate 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 vear with no sign of the sunblotch viroid.

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

Introduction of new germplasm. We have continued to plant out new varieties as they come
out of quarantine. In August 2005, two Andes selections and Puebla were ofTicially released
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 came to California
under a test agreement. We will plant these trees at UC South Coast REC and evaluating their
potential for California. The Puebla, which is a hentage variety originating in California, was
brought back to Califomnia in 2002 from the germplasm collection of the Catholic University of
Valparaiso, Chile. With the aid of Dr. Ben Ya“acov, who confirmed the identity of the variety in
Chile, we elected to bring Lhis variety back to California for placement in the vanety collection.
Other Puebla trees in California are of unceriain identity and this introduction will aid us in
identifying Puebla trees growing throughout southern California. Finally, two additional
varieties of interest were brought in from Chile from the Andes Nursery Association (AN.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, Chile) in spring 2006. This material will include the ‘Isabel’ a promising new
selection which they believe is cold-hardy.

C. To collaborate with Dr, Douhan (Dept. of Plant Pathology, UCR), and Dr. Crowley on
rootstock selection and evaluation for both root rot resistance and salinity tolerance,

We planted a new clonal rootstock trial at UC SCREC with Dr. Menge in spring 1999 and
collected a fourth vear of vield data from this plot in 2005. The “Hass’ and the ‘Lamb Hass’ are
included in this trial on selected clonal rootstocks ("Hass™ on Day. Duke7, Dusa, Evstro, G755 A,
Parida, 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 salinity/Phytophthora rootstock trial established in Santa Barbara
using rootstocks from Dr. Menge's program, South Africa and Israel.

D. Evaluate the potential of new and established cultivars (B Mower types) for use as
pollinizers in collaboration with Dr. Ben Faber and others as requested.

In conjunction 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. Tom Davenport (University of Florida)) to collect floral data as
well at this site as well as 2 other sites. 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.

Fruit Number and Proximity to Pollinizers. There is an overall statistical difference in
cumulative fruit numbers harvested from the experimental site (Figure 5, Table 3). The highest
cumulative fruit numbers were obtained from the ‘Hass’ irees in the pollinizer rows. Trees one
row away (7.6 m, 25 ft) had the second highest yields. There was no significant difference
detected between the second or third row (15.2 and 22.9 m (50 and 75 ft) away, respectively).
The significance in fruit numbers harvested is related to the high yield obtained in 2004. In this
vear, significant differences due to distance from pollinizer were also detected (Table 3). These
results differ slightly from Bergh et al (1966). In that study the authors report it was only when
‘Fuerte’ trees were adjacent to “Topa Topa’ did one see a significant increase in vield. The
results [rom this study suggest that proximity to the pollinizer variety can influence yield. A
difference between the two studies could be related to the presence of honeybees in the present
studv and differences in environmental conditions during bloom. The present study site tends to
be cooler during flowering than the site used by Bergh et al (1966).

Table 3. Fruit count per ree as a function of dislance from a pollinizer. Mean separation
using Student-Newman-Keuls Test, P<0.05 (n.s. = not significant).

DISIEHICC ﬁ‘D!l‘l YCEI[' F u]“ulati‘,re
Pollinizer (meters) | 455 2003 2004 2005 Number
0.0 179 ns. 30 a 342 a 45 ns. 595 a
76 180 22 ab 248 b 52 503 b
15.2 153 16 b 213 c 35 438 c
229 151 21 ab 197 ¢ 46 415 ¢

Fruit Number and Pollinizer Variety. Figure 6 and Table 4 present the cumulative fruit count
results by pollinizer variety. Pollinizer variety had a significant impact on the fruit number
within row, or when the pollinizer was adjacent to ‘Hass’, however there were no differences
due to pollinizer variety as distance from the pollinizers increased. Even though there was no
difference between pollinizer varieties 1 or 2 rows from the pollinizer 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’ vields followed closelv by "Zutano™ and “SirPrize’. Kobavashi et al
(2000} using genetic markers also reported enhanced 'Hass' vield when "Fuerte’ was in close
proximity as compared to other B-Flower tvpe avocado. They also report a proximuty influence
on fruit vield. higher vields closer 1o pollinizers.

Table 4. "Hass' [rit count per tree as influenced by pollinizer variety and dislance from the
pollinizer.  Mcan scparatton using Stmudent-Newman-Kcuts Test. P<0.05 (ns. = not

significant).

Closest Distance from Pollinizer (melers)

Pollinizcr 0 7.6 15.2 All Rows
Bacon 547 ab 432 ns. 373 s 451  be
Entinger 619 ab 544 429 531 ab
Fucrte 675 a 492 523 563 a
Harvest 480 b 444 34 409 c
Marvcl 554 ab 495 423 492 abc
Nebel 540 ab 573 456 523 ab
SirPrizc 668 a 514 473 552 a
Zutano Gl6 ab 553 511 560 a

Frut Characteristics as influenced by Poflinizer Variery. Average fruit weight was calculated
bv dividing the total number of frut harvest by the total weight per tree. In 2002 and 2004 (tugh
production vears) there were significant differences in average fruit weight related to pollinizer
vanetv. Not surpnisingly, in the treatments which had higher (ruit numbers, average fruit weight
was smaller. Average fruit weight across all pollinizers and distances ranged from 205 10 228 g
in 2002, 222-263 g in 2003, 207 to 230 g in 2004 and 282 — 296 g in 2005.

Table S presents the results of the dry weight measurements and compares the 2005 data with Lhe
data collected in a similar manner to 2004. Note that in both years *Hass’ fruit from the "Nobel’
pollimzer rows had the highest dry matter whereas the “*Hass' from the “Marvel” pollinizer rows
had the lowest. A difference between the 2 vears of sampling is seen with ‘Hass’ fruit from the
*Zutano’ pollinizer rows. In 2004 this sample had the second highest dry matter whereas in 20035
the dry weight is the second lowest. The “Hass™ trees in this experiment bloom for an extended
period and these apparent differences in drv weight may be related to the timing of fruit set and
svnchrony with the pollinizer in terms of flowering and fruit set.

Table 6 presents data collected both vears for the fnut length/width ratio and the seed
lengih/width 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 ‘SirPnze” pollinizer row. There were no significant differences detected
in 2004, The seed length/widih varied between both vears. however in both vears ‘Hass' fruit
from the ‘Fuerte’ and ‘Harvest” pollinizer rows had slightly more elongated seed.

in 2005 we were able to also ascertain the seed percentage of the total fruit weight. In this case,
‘Hass™ fruit {rom the “Fuerte’ pollinizer row had the smallest seeds and fruit {rom either the
‘Bacon’ or *SirPrize’ pollimzer rows had the largest percent seed. These data suggest that oul-
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crossing may be occurring and that pollen parent is influencing fruit shape and seed size. The
occurrence of metaxenia has been previously reported for avocado (Degani et al, 1950; Gafhi,
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, This data should help us to interpret these resuls.

Table 5. Average ‘Hass’ dry weight for 2004 and 2005. Fruit
harvesied both years in Aprl from pollinizer rows. Mean
separation by LSD, P<0.05.

Pollinizer 2004 2005
Bacon 2534 ab 2742 abc
Eftinger 2530 abc 2644 be
Fuerte 2480 b 2730 abc
Harvest 2495 be 2806 ab
Marvcl] 24.45 C 25.88 c
Nobel 2620 =g 2872 a
SirPrize 2494 ke 2690 abc
Zutano 2608 a 2592 c

Table 6. Average “Hass' fruit length/width ratio, seed length/widih ratio and percentage seed per
fruit. Fruit harvested from polliizer rows in April 2004 or 2005, Mean separation by LSD.
P<0.05 (n.s. — not significant)

Closest Fruit length/width ratio Sced length/width ratio 2005 Seed %
Pollinizer 2004 2005 2004 2005 of fruit weight
Bacon 129 ns. 145 ab 1.13 be 113 b 1247 a
Marvel 1.40 147 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
Eninger 137 147 ab 1.11 c 1.15 ab 10.55 be
Fuerte 1.39 152 a 1.19 a 1.20 a 9.91 c
Harvest 1.45 1.49 ab 1.18 ab 119 a 11.99 ab
SirPrize 1.37 142 b 1.15 b 110 b 1239 a
Zutano 1.37 146 ab 1.11 c 113 b 11.70 ab

The preliminary 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 Persea germplasm block
located at the 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
Stottlemyer. The UC-SCREC avocado volunteers have been instrumental in maintaining this
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block. The volunteers grafl several new and/or historical varieties on an on-going 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 voluntegr staff. In addition, the sprinkler lines in
field 46 have been replaced and updated in coordination w/ithe SCREC personnel.

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

The current avocado web site ai: 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.
Leaf photographs showing both flush and mature leaves are currently being added to the web site
with plans to add tree photographs as well. Queslions sent via e-mail or forwarded {rom the
California Avocado Commission are answered on an ongoing basis.
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Figure 1. Vanety trial yield data (average fruit count per tree) collected from Field 4 at the UC
South Coast Research and Extension Center in Irvine, 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 South Coast Research and Extension Center, Irvine, CA.
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Figure 4. Comparison of average bloom dates for two years for all vaneties from February
through May at the UC South Coast Research and Extension Center, Irvine, CA.
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Figure 5. Distance from pollinizers influences the cumulative yield of “Hass’. Data collected
from 2002-2005 From the DeBusschere pollinizer trial near Oxnard.
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Figure 6 Cumulative ‘Hass’ fruit number (2002-2005) as a function of pollinizer variety. Data
pooled across rows 0 — 2 (0 — 15.2 m). Data collected from the DeBusschere pollinizer trial near
Oxnard, CA.
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Genealogical Relationships Among Cultivated
Avocado as Revealed Through RFLP

Analyses

Cleag

Anonymous DNA fragments from the genome of cultivated avocado (Persea amer-
icana Mill.) were cloned into a plasmid vector and used to screen a total of 36
cultivars. There is a high level of polymorphism among cultivars allowing all cul-
tivars to be assigned a unique genotype based on 14 genetic loci. A cluster analysis
of genetic similarities among cultivars revealed three major clusters that carre-
spond to the three major racial groupings of cultivated avocado. Additional ciusters
appear to reflect cultivars derived through interracial hybridization.

The cultivated avocado (Persea ameri-
cana} is comprised of three botanical rac-
es: P americana var. americana (West In-
dian race), P americano var. drymifolia
{Schect. & Cham) Blake {Mexican race),
and P americana var. gualemalensts Wms
(Guatemalan race) (Bergh et al. 1973; Po-
pence 1841). The origins and domestica-
tien of the various races is obscure, and
in fact the appellation West Indian is a mis-
nomer because avocado was introduced
10 the West Indies from Central America
by the early Spanish seitlers (Fopenoe W,
Zentuinever G, and Scheiber G, unpublished
manuscript). Many of the named cultivars
of avorado are selections from open pol-
linated progenies and the pollen parent is
often unknown or a matter of speculation.
In some cases. the open pollinated selec-
tions that vielded successful cultivars are
believed to have arisen {rom interracial
crosses. Thus, for example, the cultivar
Hass, the predominant commercial culti-
var in California was first obtained as an
open pollinated seedling of unknown par-
entage (Seelye 1994). Current speculation
among avocado breeders (Bergh R and
Martin G, personal communication) is that
cv. Hass is derived from a Guatemalan *
Mexican hybrid that was then back-
crossed to a Guatemalan pollen parent. It
15 now possible to test this and similar
speculations regarding genealogical rela-
lionships among avocado cultivars using
molecular markers.

The traditional bases for inferring par-
entage have been morphological or were
based on the proximity of a potential pol-
lens source. It is very dilficult t¢ produce

fruit where the pollen parent is known
with certainty because the mature avoca-
do tree produces in excess of 1.000.000
fiowers but fewer than ) 000 are destined
to vield mature fruit. Most fruit drop prior
1o maturity, leaving a small residual of suc-
cessful pallinations.

Genetic markers provide a way to estab-
lish both the parentage of individual trees,
and through retrospective analyses, to in-
{er the likely genealogical histories of par-
ticular cultivars (Mhameed et al. 1397} In
an initial attempt 1o explore avocado re-
lationships using genetic markers, we in-
vestigaled a number ol cultivars and mermn-
bers of other closely related Persea spe
cles (F floccosa Mez, P nubigena L. Wms,
P stevermarkii C. K. Allen, and P shredeana
Nees) using rDNA, nuclear gene, and chio-
roplast DNA probes (Furnier et al. 1390},
These data revealed thal all three races
are distinguished by unique mutations
and the data provided support lor the hy-
pothesis that the Guatemalan race origi-
nated through hybridization between P
nubigena and P stevermarkii Furnier et al.
(1990) concluded that P americana could
be expanded to include P floccosa, P onu-
bigena., and P sfevermarkii as one large
species which concurs with the earlier
recommendations of Bergh et al. (1971)
based on the analysis of lerpene patierns.

In this article we expand our analyses of
genealogical relationships within cultivat-
ed avocado through the use of anonymous
RFLP markers. Knowledge of geneaiogical
relationships is of more than academic in-
terest; accurate information on genetic re-
lationships is fundamental 10 the design of
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Table 1. The genotype lor each cultlvar based on the EcoRl {denoted as RI). EcaRV (RV), and HindH (11]) diges! patterns

2RI SORE S3RI ARI BRI T3RS TART  BOR) 95H1 TI0RE  Ti7RE I21R] 364R1 366RI 28RV S0RY 53RV AdARY RBRV TIRA

Apie 22 11 22 22 44 ) 11 22 13 1 22 r} 1l 34 33 It 34 1 28 33
Bsondo 2 11 22 L 44 iT 11 2 ki 11 22 2 il u K} I H IH 12 31
Collinred 23 11 s i 23 46 11 2 | 11 e n 11 50 n 11 - i 22 n
Poliock 22 I a2 2 22 F% Li = 1i 11 e 2 11 33 kY 11 H il ap i
Cellons 22 11 v ] i &6 11 22 11 1l 22 . 1l i3 n - 44 ! iz »
Anaheim 2 13 2 2 23 14 1t b &) 11 1 3 0 12 34 K] 22 i) 1 22 22
Esther &= 11 B2 = an 44 11 2 13 32 = 22 1t 2B KH] 12 33 11 2 2

Nabal 22 14 22 = 33 4 ii n 11 3 - n 15 2| 33 21 H 11 22 2z
Reed 22 1) = 2 2 H 11 22 15 u 22 r] 1 3 12 20 M 11 22 23
Drasty 11 i i = -] ¥ g 46 1i 23 i4 u 23 ~ 1 33 12 22 H 11 oE 33
Linda a1 1] & &L <) 44 11 22 - 33 2 b 1] 23 1 . 3% 11 . g
Nimlich a3 1) = 2 22 44 8] 22 14 3 34 Vil il 33 11 n 33 11 . s
Fuerte [ 1) b 5] 32 2 44 (] g {4} a i 2 11 33 23 12 23 11 23 33
Noga 14 11 il 22 22 44 8] 22 33 a3 12 22 11 b 23 0 2 1 2 23
H¥ 4% o 11 2 (i b 24 11 2z 33 3 23 22 i k) ] 28 H 11 22 3
Gwen o4 11 13 o] 22 44 17 2 13 K ¥] e 11 N ki) 2k 33 1] B2 33
Haas px. N 22 a2 22 44 L] 22 13 31 23 a2 11 2R 33 i Y 11 x LE)
HETU 2 1 22 2 o 44 3] 22 13 kK] 23 fri 1] 33 33 22 H il X a3
Hss 2 1] a0 b o) 24 n 28 I 3 33 2 11 n 28 12 24 11 2 b}
Bacon &y 1 12 Pt PX) 35 11 22 Iis 3 31 2 11 23 23 22 &3 11 2 14
Zutana 2] 11 1 23 4% 48 11 23 1'% 33 3 R 1 33 i i 23 11 21 34
Lyon | i1 ] 23 23 a4 11 it 11 3l kAl g1 11 33 12 1L 33 11 x 24
Thille &l 1 a2 ¥ 13 44 11 23 13 33 21 y.is il 3 33 12 a3 4] 2z a3
Pinkerten 33 1) B2 2 b 44 1t a5 11 2% 2 a2 11 i 34 & 23 13| o2 &
Whitsell 12 bl 22 21 i 24 1t 23 13 34 31 22 Ht] 23 33 ¥ 34 13 3 Kb
Rineom 1y 11 2y 22 23 34 11 il 15 34 13 pel 11 n a3 s 22 H 2 34
Teagus 3 11 an 3 ot 4 141 22 33 3 13 i) k1 kil - 3 B Il £2 i
Tuke 7 i1 13 14 22 32 45 1i 2 ) 33 21 r} 1] 23 02 1 Ll Tl 23 14
Thomas a0 & & ) 24 B4 1t da 32 34 ok} A 11 3 thal b X2 it > 13
Ignacio b 1 B iy 24 44 it <5 a3 2 K43 ] i1 e 23 11 2% I3t] 23 i
Ganler k4l i 1 2 = A5 'l 22 33 33 X 21 3] F L1} L Lo 11 2¥ I
Yama Xl 4 n g 23 58 11 23 k] 33 13 n B = B b KT 1 2 k-
Mexicola I3 1 ¥] i 4 4% 11 2 —_ hH 13 2 11 23 F i 3 11 = KN
Duke ¢ 33 il 32 &5 ] 54 H 22 k¥] .4 ] =l | a9 2 11 L 11 az i
Topa Tope k| i1 i 23 3 R 11 ek 4] b 0 o 11 kx} iy B 44 1l a1 ks
Fhiar 5| it T4 ] =3 45 1 2 Ll = RE] ks (8] | e | M ii ] Ay
F oschwngeagny A1 13 34 il = 15 11 12 55 i3 2 il _ —_ A o — 11 Eal 35
7550 4 11 e a2 o= 11 1 52 43 33 24 12 il 1 13 pos i) 11 23 a
GT33A b4 il 2oy - I: 14 - s 25 A3 2 Lk i i} 35 ¥ 3 i3 1t 14 3

Each rolumn rontains the gath br a specihc RFLE probe,

efficient plant improvement strategies and
such knowledge is essential for ellectjve
germplasm conservation. The data from
this study reveal a high degree of poly-
morphism for anopvmous nuciear DNA
fragments. confirming the impression that
cultivated avocado possesses a rich and
diverse gene pool. Cluster analysis among
a set of 36 cultivars, based on a measure
ol genetic similarity, reveal groupings thai
conform with racial designations and that
appear to distinguish cultivars derived
from interracial hybrids. Thus RFLP anaij-
yses appear 1o provide a powerlul basis
for inferring genetic relationships among
cultivated avocados

Materials and Methods

Plant Materials

Collections of avocado germplasm are
maintained al the University of California
South Coast Field Station and on the cam-
pus of the University of California. River-
side. Because the method of avocado
propagation is clonal, based on bud graft-
ing, each cultivar represenis a single ge-
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notvpe. Table 1 provides a List of the cul-
tivars surveved and their source, In addi
tion, £ schifedeanu was included as an out-
group in the cluster analyses

DNA Preparation

DNA was extracted from 10 g of newly
emerged leaf tissue using a modification of
the protocol of Rawson et al. (19823, The
leaf tissue was homogenized in 30 mi of
grinding buifer (100 mM Tris, 23 mM
EDTA. 0.35 M sucrose, 30 mM KCl, 5% po-
Iwvinvipyrrolidone, 10 mM diethyldithio-
carbamic acid. 0.2% mercaptoethanol) us-
ing a small Waring bltender. The homoge-
nate was fltered through cheesecloth and
centrifuged at 12.000 G for 20 min (4°C)
The pellet was resuspended in 6 mi of lys-
ing butfer (100 mM EDTA, 50 mM Tris-HCI
pH B.0. 2.5% Triton X-100, 2% sarkosvl, 50
wg/ml Proteinase K) and incubated at 37°C
in a shaking incubator for 2 & The lvsate
wag centrifuged at 15000 G for 10 min
(4°Cy and the supernatant was precipitat-
ed with 2/3 veolume isopropano] at —20°C
for 30 min. The precipitate was pelieted at
20,000 G for 15 min. {4°C}. The peliet was

resuspended in TE butfer {10 mM Tris-HCI,
1 mM EDTA pH 801 and the DNA purified
through a single CsCl gradient (rf = 1.3%
1.395} as described by Rawson et al
{19827). The DNA sample was precipitated,
washed with 70% ethanol. dried under
vacuum, and resuspended in TE buffer at
a concentration of 1 pg/pl

Cloning Anonymous DNA Fragments

Total DNA from cv. Hass was digested with
the restriction enzyme Psff and size frac-
tionaied on 1% agarose gels. (Psil was
used to select against chloroplast DNA be-
cause it cuts the chloroplast genome infre-
guently into relatively large fragments.}
The fraction corresponding to approxi-
mately 400 bp in size was eluted following
standard procedures. The size fractionat-
ed DNA was ligated into a pUCI8 vector
and transiormed inte £ cofr strain JMI1
following established procedures (Sam-
brook el al. 1589). Recombinant ¢olonies
were selected and minipreps of DNA were
screened to verify insert size, and these
were {urther analyzed via Southern trans-
fers 1o exclude any chloroplast-derived in-



Table 1. Extended

VARV ORORY HRRYV GIORV I1TRV 1ZIRV 364RV 366RV 2801 S0 331 G4AIN G4BIN TIN THIN BOID 9861 tHOW T17ER 32U K1 386N
b 11 11 1) 1 1 k] 1 ] 55 22 22 31 3 22 i 22 3 1l i 22 33
22 1 1 ] 1 1 B 1 22 33 2z n X 3 22 2 ar ] 1 g 22 31
22 11 - 8] 1 ' - I 22 53 23 21 i 33 E3 n 22 33 11 1 22 3
43 11 _ ] H il 33 H 22 35 22 -r} . % k& 22 2% 11 33 11 1! n a8
22 it - 1} ¥ 1 1 1) 22 55 22 12 1 R 22 2 12 ki 1 §: 2% k|
i i} n 1] 1 1 n n 2 53 po i 11 K| z n 22 el 1 1t o K]
A ' iz 13 It 13 o] " 2 25 22 2 13 3 2% b 22 3 Y 11 n K]
pir ' 12 15 1 13 k] 1 il 2 2 3 33 2 o 22 k! 1 11 2 n
= 12 I 1 n 13 13 i 2 35 ey 22 13 33 u 2 g ) 1l 1 X 33
23 11 = 1 1 i n 1 2 5 2 2 i1 33 2 . 22 23 li il e 33
23 bt 2 1 i 14 3 1 R w2 22 th 3 27 22 27 33 11 Il » n
ke 11 22 1! 1 44 n i i 55 12 2 11 KX 22 22 22 1] 1 1l g kN
-] 1t 3 ! i 13 33 1 18 23 23 22 33 KX 2 P 22 kX il 1 22 H
3 1t 3 b 1! 3 3 it ¢ 55 22 22 33 ki 22 21 Y] 3 H 1 o} 13
22 11 1 I t 13 33 tl 2 55 22 22 B 33 2 3 22 33 1y 11 2 14
i 11 n I tl 13 1% 1t 23 53 22 22 1 3 Z ] 22 3 1 il n KT
z3 11 1 I 1 13 33 11 22 A5 23 23 14 k! 22 kvl 4] 31 11 11 22 34
i 1 1 1 ! 13 3 1 2k 35 22 22 1B k! 22 v 27 n N 11 b H
b B n 1 1 Tl 1 23 5 22 22 H 33 ¥ 22 at x 11 11 2 14
] 11 n 1 1 1 13 1 12 55 12 12 ¥ 14 22 2 21 23 1] 1t 22 32
22 L il 1 N 14 13 il 12 2 24 12 12 33 2% 2 ) 33 11 11 22 13
a2 11 4 1 n 14 13 u 22 ich] g2 2 ¥l 33 2 22 b 33 11 1 22 13
] 1 1 1 1 14 13 1 2 25 27 23 13 33 2 22 3 21 1 11 2 14
] 11 (s 1) 11 14 13 1 b 55 23 2 33 33 22 2 2 3 1 1 i 3
a2 11 12 1 i R 3z n B i 22 11 33 22 22 - K] 1 1 22 i
3 11 2 i 1 M 13 1 13 gL 22 22 33 23 23 21 31 I 11 2y 13
! 1l I 1 1 13 13 1t 1] %5 a2 22 ag 33 2 22 21 33 11 11 = 15
22 1 1 i 1i 13 B 1l 1 B 12 33 13 i) 22 12 ] 11 11 ! 3
] 1 1 i 1t N ll l 11 35 il i1 3 13 an 21 12 a 11 11 1 M
S i} i 1 " K\ li 11 2z e 13 22 2 2 2z n 3 11 11 s 34
= 11 11 i 1l it A3 1t 1] Bs 2z 2 i) 13 24 12 2 & i il n R
29 ' 11 1 1 1 33 1 11 73 23 12 31 33 24 22 a2 a3 u 11 2y 3
k< i i 1 1 1 1 1! i e ] 12 33 13 24 = 2 2 11 11 v i k]
23 1 n 1 i 1 3 1 il 31 <) o 3 a2 2 27 X 1 1 2 n
22 i iz 11 1l 11 34 1! 1 35 ) . iz 33 44 n 23 i3 1 1t Lt €1
28 i3 it 1 i 1] 14 1 11 45 12 2 23 ki L n 2 3 I} 1 2 3
3 -~ = 1 1" 5~ - 13 27 X x3 44 33 b % 1i 33 it 14 — -~
oL 13 t 1 1 | FO <1 1 23 7 2 21 i i ia 23 12 b} 11 12 b3 2
iz 12 - il 4] . S 1 23 24 b 7o : kK ik} i 1 33 13 i2 2 I
serts. Clones wih appropriate inserts resents a single genotype there are no  size and 20 clones with the appropriate in-

were screened against Southern transfers
of DNA lrom each of the three races of av-
ocado to establish whether the resulting
RFLPs were both singlecopy and poly-
morphic. Finaliy. selected clones were
used as probes to an F, progeny derived
from selffertilized Hass to verify nuclear
inheritance,

Southern Transfers

Ten micrograms of total plant DNA was di-
gested with the restriction enzymes EcoRl,
EcoRV, and Hindlll and electorphoresed on
0.8% agarose gels for 4 h at 50 V. The DNA
within the gel was depurinated with 0.25
M HCL denatured with (1.4 M NaOH. and
transferred bv capillary blot techrique to
Genescreen nylon membranes under al-
kaline conditions (as described by the
manufaclurer: DuPoni. Boston). Probe
DNA (0.2 pg) was labeled with 7P by the
method of Fienberg and Vogeistein {1983}
and hybridized to the Southern transfers
{Southern 1975).

Data Analvses
A genotype was assigned to each cultivar
for each probe. Because each cultivar rep-

sampling considerations and the gene fre-
quency for a given allele within a cultivar
is either 0.0, 0.5, ar 1.0, We calculated a
similarity measure {(5) between a pair of
cultivars as the proportion of alleles
shared in common between cultivars. Sup-
pose for example. that cultivars A and B
have genotypes a,a. and a.a,. respectively,
and suppose that a, = a, = a, and a, = a,
= a, then two of the four genes are iden-
tical between A and B, and § = 05. As a
second example, suppose the genotypes
of A and B are a,a, and a.a,. respectively,
and suppose that 2, = a, = a, and a, =
a,a, then § = 05 because again two
genes are identical between A and B. If
a,.8, = 8548, then S = 0.0, and il &, = a,. a.
=a,ora —a.and a, = a, then S = 1.0
The average similarity is X8/n. where
there are n loci. A UPGMA cluster analvsis
was then preformed on the matrix of av-
erage similarities (Sneath and Sokal 1973).

Results

Polymorphism Among Clones
More than 1000 putative clones were
screened for inserts of the appropriate

sert size were tested against a panel of av-
ocado DNAs that represented each of the
three major races. Fifteen of the screened
clones were “single copvy” in that the
banding patterns appeared 10 correspond
to those expected from one or two genetic
ioci. Five of the clones produced complex
banding patterns characteristic of repeat-
ed gene families.

An example of the banding pattern as-
sociated with one probe hybridized to a
Southern transfer containing a wide spec-
trum of cultivars is shown in Figure 1. A
subset of 13 probes thatresolved a total
of 14 genetic loci was used to screen a set
of 36 cultivars and P shiedeana {repre-
sented by the G755A and G735C entries)
Every cultivar was uniquely identified in
the sense that each cultivar was distinct
from all others for at least one genetic lo-
cus { Table 1). The numbers of alleles per
locus ranged from one (50RI} to seven
{73R1}. In general there is & high level of
polymorphism associated with the probes,
consistent with the complex breeding his-
tory and hence the broadly based gene
pool of cultivated avorado.
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Iass
Arue
Cellon’s Hawaii
Collins
Collinred
Ganter
Yama
[gnacio
Duke 6
Duke 7
G6
Teague
G775A

igure 1. Saulhern transfer ol avecado DNA digested with EcoRl and probed wath clone 54

‘luster Analysis of Genotypic Data
igure 2 presents a dendogram that de-
icts the relationships among the culti-
ars screened, Aiso indicated on the figure
re the racial designation or the presumed
vbrid origin of the various cultivars. Sev-
ral features of the data are evident from
he dendogram: (1) all cultivars are geno-
ypically unique; (2) cultivars cluster with-
1 racial groupings so the genetic data
onform to the botanical designations; (3)
nany cultivars appear to be of hybrid or-
Zin because they are placed in two clus-
ers that fall between the racial groups:
nd (4) the Guatemalar and West Indian
aces are more similar 1o one another than
ither is to the Mexican race based on
FLP genotype This pattern is consistent
vith the presumed geographic origins of
he various races (Popenoe W, Zentmever
, and Schieber G, unpublished manu-
cript).

Jiscussion

is important to be able to average over
number of genetic loci because the ge-
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netic relationships among cultivated avo-
cados reflect a complex breeding history
(Clegg et al. 1493). The transmission path
associated with any particular gene may
not reflect the average history of the many
loci that comprise the genome. Because
we are able to average over a number of
polymorphic locl, these data resolve the
genealogical relationships among avocado
cultivars, including patterns of reticulate
descent where interracial hybridization
was important. The results of this article
may be contrasted to those of Mhameed
et al. (1997). where minisatellite markers
were used to assess relationships among
24 cultivars. Unfortunately many of the
cultivars included in the present study dif-
fer from those used by Mhameed et al.
(1987, so it is not posstble 1o make a com-
prehensive comparison between the two
studies. The cultivars that are common
between the two studies do show broadly
similar relationships. Thus, for example,
the interracial hybrid origin of Hass and
Fuetre is also confirmed by Mhameed et
al. {1997). however, Hass maps closer to

Arue

Biondo
Collinred
Pollock
Cellon's Hawaii
Anaheim
Esther

Nkl

Reed Guatemalan
Daily 11
Linda
Nimlioh
Fuerte
Noga

HX 8
Gwen
Hass
He670
H2g7
Bacoo
Zutano
Lyon
Thille
Pinkerton
Whitsell
Rincon
Teapue
Duke *
Thomas
1gnacio
Ganter
Yama
Mexicols
Duke &
Topa Tapa
Khan

F. schied

Wes Indian

Hybrid Group 1

Hybrid Grouy 2

Mexican

(R GR T A

Figure 2. Dendogram ol ciuster relationships based
on & malrix of the average number of genes shared in
common between pairs of coltivars. The major clus-
ters are identified by racial group or as of hybrid or-
IR

the Mexican representative than to the
Guatemalan representative in their Figure 1.

A knowledge of genealogical relation-
ships has already proved useful to the UC
Riverside program of avocado improve-
ment. For example, the polien parent of a
semidwarfing cultivar of considerable
commercial 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 instead that Gwen resuit-
ed from a Thille X Hass cress. As a second
example, RFLP genotypes have proved
nseful in the identification and verification
of germplasm materials for the commer-
cial nursery industry. Finally. a rich source
of molecular markers is essential for ge-
nome mapping and to trace genetic trans-
mission patterns. This latter issue has be-
come particularly important in recent
years because there is a cross-pollination
requirement in avocado that may affect
yield. Markers provide an experimental
means 1o establish a relationship between
yield and out-pollination by detecting the
frequency of outcrossing events among
mature fruits.

The long generation times and complex



breeding system ol avocado has tended to
frustrate genetic analysis in the past. Mo-
lecular markers promise 1o help overcome
some ol these obstacles and to provide a
wealth of new inlormation. As shown in
this study. markers provide a basis {or in-
ferring genealogical refationships, thereby
revealing new information about the pro-
cess of domestication. Moreover, molecu-
lar markers have proved to be useful tools
for asking practical questions to guide av-
ocado management strategies. Undoubt-
edly a host of additional applications will
appear as these techniques become better
established.
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ing to-Control Root Disease inv
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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-
cludes materials such as manure, siudge, saw-
dust, wood-chips, straw, shredded prunings,
plant foliage, paper, plastic, sand, and gravel.
Most benefits from the use of mulches in agri-
culture are derved from improved physical
properties of soil related to increased organic
matter content®". The application of thick
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*” and nema-
todes®”. The benefits from organic mulches are
well documented in agricultural litera-
tureﬁ,llﬂ,ﬂ.-ﬁ.

1. Mulching conserves water use by:

¢ reducing evaporation from the soil,

* reducing run-off and erosion,

* increasing the permeability of the soil
surface,

* increasing the water holding capacity of the
soil&rs,zs.a'

Jones et al.” stated that, for citrus pro-
duction, it is essential to have a high water
infiltration rate which will serve two functions:
supplying water te the plant and removing
salts from the soil. Organic matter increases
the number of macropores (0.5-50um) in the

soil that hold the water necessary for the
growth of plants®. Heavy clay soils, in which
root rot is most severe, are composed mostly
of micropores with very few macropores.
Mulched soils with a high organic matter con-
tent will have a greater amount of water avail-
able to plants at field capacity. Increasing pore
size distribution allows better utilization of the
top 12 inches 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
of herbicides needed™”. When applied to bare
soil, a thick layer of mulch can prevent germi-
nation of many annual species®. Lord ef g.”
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 to no mulch at all, and that
the hay absorbed simazine and enhanced its
degradation,

3. Addition of organic matter into the
soil by mulching improves soil structure and
porosity™4%. Qrganic mulches cause fine clay
particles to aggregate into larger granules the
size of sand particles®. As organic matter de-
composes, compounds are formed that cement
soil particles together into stable aggregates™®.
This allows greater movement of gases (CO,
and O,) into and out of the soil. The mainte-
nance of high levels of organic matter in the
soil 18 a primary factor in soil fertility. The
average citrus grove in California has less than



1% organic matter in the soil.

4. Mulching can eliminate or reduce
ground water nitrate contamination by provid-
ing a continuous slow release of nitrogen,
thereby reducing the need for nitrogen applied
as chemical fertilizer®*. Legume mulches or
leafv plant material provide the most nitro-
gen, as well as many minor elements. Marked
increases in soluble nitrogen, phesphorus, po-
tassium, calcium, magnesium, and boron were
observed under a mulch®. Parker and Jones*
attributed larger fruit size in navel orange to
increased potassium levels after additions of
bulky organic mulches. Weeks, et al.® found
that mulched plots maintained a reserve of
nitrogen even afler mulch application had been
dizcontinued for nine years. It was also re-
ported that phosphorus levels were eight times
higher in the mulched plol compared to the
non-mulched control plot. Organic matter in-
crezses the cation exchange capacity of soil.
By increasing the cation exchange capacity of
the soil, the availability of many nutnents to
plant roots is increased” . Wander and Gourley®
found that mulching mth wheat straw or soy-
bean hay prevented the fixation of potassium
21 the soil surface and allowed applied potas-
sum to remain mobile and penetrate to &
creater depth in the soil.

5. Mulching reduces wide fluctuations
1n soil temperature by reducing the soil's heat
absorption”™, This results in improved root
crowth, especially in young trees and in areas
where summer temperatures are very high.

6. Mulching prevents dispersion of the
soil surface by rain droplets®. A thick layer of
mulch will also reduce compaction due to me-
chanical activity, such as harvesting or spray-
ing operations®

7. There are also indications that
mulching can control root rot caused by Phy-
tophthora in both citrus and avocado, espe-
cially when combined with applications of gyp-
surm®”. Hoitink, e al. *speculated that composts
prepared from tree bark may release inhibi-
tors of Phytophthora spp. Zentmyer™ found
that alfalfa meal mixed with soil at rates of 1-
5% gave good control of Phyvtophthora root rot
in avocado. Researchers in Mexico have con-
trolled Phytophthora in avocado hy mulching
with alfalfa straw and bovine manure®. Inten-
sive mulching and applications of gypsum are
used in Australia where they have effectively

ta
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controlied Phytophthora root rot in avocado’.
Nematodes in citrus may also be reduced by
mulching”.

Disadvontoges

There are, of course, problems with the
use of mulches.

1. The application of mulches can be
very costly on a per tree basis.

2. Mulches can increase the danger of
frost damage by insulating the soil and pre-
venting the soil from warming the orchard*#.
This can be minimized by applying mulich only
under the tree canopy and leaving the soil be-
tween rows bare. Also, if mulches are applied
in late winter, there may be sufficient time for
them to decompose before the next winter, re-
dueing the chance of frost damage.

3. Mulches may introduce weed seed
into the orchard if they have not been thor-
oughly composted.

4. Sludges may contain contaminants
such as heavy metals which could accumulate
in fruit at concentrations dangerous to consum-
erg’,

5. Certain mulches with high carbon-
to-nitrogen ratios have insufficient nitrogen to
support the increased populations of microor-
ganisme that are produced during decomposi-
tion. This can cause a short term nitrogen de-
ficiency which would necessitate increased ni-
trogen fertilization™,

Thu?{vst
m'ld/Cu':l

for Avoc

In the early days of citrus production,
mulching was a common practice; but it was
largely discontinued in the 1940s when cheap,

easy-to-apply chemicals became available.
Some growers continue periodically to apply
manures to citrus and avocado groves. Craig’
reported that the use of bean, barley, and al-
falfa straw increased navel orange production
by 25% and also conserved water. Hodgson™
recommended that at least half of the nitro-
gen required for citrus trees should be applied
by mulches, especially to young trees. Vaile®
found that a treatment of cow manure, rock
phosphate, and green leguminous manures
was far superior to any other fertilizer treat-
ment in trials in Rubidoux on navel and




valencia oranges and on lemons. In trials in
Arlington, navel oranges treated with a van-
ety of mulches yielded the same as nitrate-
treated trees, 10% more than trees treated with
ammonium nitrate, 27% more than manured
trees, and 39% more than trees without fertil-
1zer. In experiments in Chaffey and several
other locations, Vaile¥ showed that citrus plots
mulched with wheat straw were superior to
all other treatments. In one experiment, whaat
straw-mulched trees fertilized with ammo-
nium sulfate yielded 36% more fruit than trees
fertilized with ammonium sulfate only. Vaile®
concludes that “concentrated inorganic fertil-
izers used persistently without hulky organic
material will not permanently maintain
healthy citrus trees under the conditions which
prevail in Riverside.” McNees™ and D. C.
Lefferts®also strongly recommended mulching
for improving yields as well as soil conditions.
Kelly*, who provided one of the most learned
treatises comparing fertilizers, concluded that
alfalfa straw is one of the most valuable addi-
tions to citrus orchards, since it both supplies
N fertilizer and conditions the soil. Part of the
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
of mulches 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 of mulching compared to easy-to-apply in-
organic fertilizers. The advent of undertree
mini-sprinkler irrigation makes the use of
mulches in citrus orchards much more attrac-
tive,

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 due to competition between citrus and the
cover crops for water and nutrients. These con-
clusions are reached in spite of Mertz's® glow-
ing sentiments when he proved that “green ma-
nured” trees were superior in every way (tree
size, vield, and fruit size) to trees similarly
treated with animal manures.

The Ashburner Systeny

of Mulching in Avocado

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 at
maturity, with fowl manure, dolomite, and su-
perphosphate. While the trees were young, 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 suffi-
cient fallen leaves to maintain the organic
matter content of the soil under them. In gen-
eral, the following practices have heen pursued
subsequently. Fowl manure has been applied
twice a year, in March and September, at 2 tons
per acre per application. Chemical fertilizer
(12.5% N, 12.5% P,0;, 20% K,0) was applied
in March-April and October-November at 1 1b
per tree per yvear 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 hefore 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 to those in rain
forests. This method is still being practiced in
Australia with some modifications. Some grow-
ers add mulch of oat, barley straw, or sudan
grass together with gypsum to 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
several feet thick. Organic content of the soil
is kept in the range of 7%, which is thought to
be suppressive to P. cinnamomi.



Production and Sources

In the past, mulches used by most grow-
ers were produced on the farm as manure or
cover crops. However, cover crops are now
widely perceived to reduce yields in citrus
groves due to competition for water and nutri-
ents”, and most growers are no longer diversi-
fied so as to have access to animal manures.
Transportation and application of purchased
mulches has not been viewed as cost effective.
For these reasons, most California citrus or-
chards have been in production for 40-50 years
without the benefit of added organic matenial.

It is timely to take a new look at the use
of mulches as potentially very large sources are
being developed. As much as 40% of the solid
waste produced in urban areas is compostable
material. The Integrated Waste Management
Act of 1989, AB 939, mandates that every
county and city sanitation district in Califor-
nia reduce the solid waste stream by 25% by
the year 1995 and by 50% by the year 2000.
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 half the normal cost per ton. Santa Barbara
County is currently producing 1,500 tons of
ground plant residue a month. Due to the Jack
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 of trash
per day, of which 6,000 tons are garden waste.
Currently, Los Angeles County is implement-
ing a green waste program that includes sepa-
rate collection of residential green waste, grind-
ing, and composting.

Florida bas enacted a similar law, the
Solid 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
that 22% of the 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
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yard waste recycling program in August 1989.
The following 1s a synopsis of their procedure
for compost production as described by
Bradshaw et al.’. Yard waste was collected both
at curbside and at drop-off centers and then
converted to muleh 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, which 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 also
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 production is
$22.00 per ton s prow cmmncaton] Thig hag 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 aeration*. The
purpose of these systems 1s to accelerate the
composting process.

Hoitink et al.” 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. Bacillus bacteria sur-
vive due to the formation of highly resistant
spores that require much higher temperatures
to kill. 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 minimum temperatures
that kill plant pathogens and weed seeds. The
third phase of composting is a curing phase
when degradable components decline along
with high temperatures. The mature compost
is composed of humic materials and lignins.
During the third phase, the compost is quickly




recolonized by a variety of bacteria and fungi.

The United States is in fact far behind
the rest of the world in the reclamation of mu-
nicipal solid waste. There are nearly 90 plants
in France processing household refuse into
compost with an annual output of 650,000
metric tons of compost from 1,300,000 metrie
tons of refuse’. 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’”. Research
has been conducted in the Netherlands on the
use of municipal waste compost at the Insti-
tute for Soil Fertility since the 1920s.

In addition 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 world
at the rate of 7.5 million tons per day. Disposal
is costly, and yet sludge is a rich source of fer-
tilizer. Fertilizer value of sludge in North
America alone is estimated at $674 million per
year®, Sludge is processed either 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 agriculture is the presence
of contaminants such as heavy metals and
human pathogens".

Disease Contrvol-Inhibition

Mulching has so many effects on the soil
it is difficult to pinpoint the exact mechanism
by which it can reduce nematode and Phytoph-
thora root rot of citrus and avocado. A number
of mechanisms are possible, and a combina-
tion of them is most likely responsible.

1. Mulching increases the population
of soil microorganisms which compete with or
inhibit fungal pathogens®’. This mechanism
was considered of major importance by
Broadbent and Baker’. Bacteria living on the
root surface can reduce the amount of root exu-
dates available to attract zoospores. It was
observed by Gilpatrick” that diseased root
pieces from soil amended with materials of low
carbon:nitrogen ratios did not produce sporan-
gia. Gilpatrick suggested that microbial over-
growth of inoculum could inhibit Phytophthora.
Malajezuk and McComb¥ found that a loam

soil suppressive to Phytophthora cinnamomi
had higher populations of microflora than a soil
conducive to Phytophthora cinnamomi. The
suppressive nature of the loam soil was lost
upon autoclaving, indicating that suppression
was due to the living organisms. Nesbitt ef al.*
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 that the increase in
microbial population was responsible for the
decomposition of Phytophthora hyphae. In ad-
dition, Nesbitt ef al.” observed extensive bac-
terial colonization on hyphae and sporangia of
Phytophthora cinnamomi and correlated hac-
terial colonization of hyphae 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 ctnnamomi in that soil”. Tsao
and Oster* showed that ammonia and nitrite
are toxic at low concentrations and inhibit
propagule germination for both Phytophthora
cinnamomi and Phytophthora parasitica. Car-
bon dioxide levels are also higher in soils with
high microbial activity, and this may induce
dormant survival structures of Phytophthora
rather than active infection structures”.

3. Mulch creates a natural litter 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
mulch®*#, This interface of soil surface and
mulch is a natural microenvironment where
roots grow well but where Phytophthora can-
not survive. Gregoriou and Rajkumar” 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 exist 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 (NH,) accumulates
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from the decomposition of organic matter®. The
production of ammonium and nitrite in urea-
amended soil greatly reduced the soil popula-
tion of both P. cinnamom: and P, parasitica®.
Zentmyer and Bingham® observed that Phy-
tophthora was more sensitive to nitrite than
was the avocado plant, and that mtrite might
retard disease development. Zentmyer and
Thompson” showed that saponins extracted
from alfalfa meal were also toxic to Phytoph-
thora cinnamomi.

5. Organic matter can act as a trap for
zoospores. The zoospores can encyst on organic
matter in the soil rather than the root. It was
shown that pectin and high molecular weight
polysaccharides induced rapid encystment of
zoospores'. After encystment, the zoospore can
no longer swim to the root. These substances
are often present in mulches and may act to
intercept zoospores before they reach roots.

6. The actions of toxic gases and com-
pounds due to organic matter decomposition
can increase the level of host resistance in the
roots by induced phytoalexin production. Roots
of Persea indica injured by exposure to ammo-
nia had a 50% reduction in infection hy P. cin-
namomi compared to non-injured roots” Avo-
cado roots subjected to certain types of organic
matter quickly turned brown. These brown
roots functioned well, but were found to be re-
sistant to Phytophthora cinnamomi attack
unless the brown covering was damaged ™"
Moz, ummrm;'

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 Role of Cadcinun inv Inhibition

The incorporation of gypsum (CaSO,)
into mulch also appears to play a key role in
controlling root rot. The application of calcium
in the form of gypsum is already an established
soll treatment to increase soil drainage, to pre-
vent crusting, and to remove sodium from the
upper soil profile. It is well known that high
sodium levels can increase the severity of root
rot caused by Phytophthora and increase Phy-
tophthora soil populations as well”,

In addition, calcium can increase host
resistance to fungal pathogens'. Phytophthora
invades host tissue and dissolves the middle
lamella between cells by the action of pectolytic
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enzymes. Calcium binds to pectic materialsin
the middle lamella and inhibits the activity of
cell wall degrading enzymes produced by Phy-
tophthora'. Lee and Zentmyer? observed that
seedlings of Persea indica, a close relative of
avocado, were more resistant to infection by
Phytophthora cinnamomi when grown in high
concentrations of calcium than when they were
grown in low concentrations. Further, it was
observed by Falcon et al.” 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. Snyman® has also shown that calcium
can reduce root rotin avocado caused by P, cin-
namomi. Calcium may reduce root exudation
from avocade roots since it 18 known to pre-
vent “leakiness” of roots of a variety of plants?.
It is known that exudates from avocado roots
attract Phytophthora zoospores to the root. It
is known that calcium enhances the encyst-
ment of zoospore”. 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.

Curvent Mulching Experiventy

Currently, there are a number of mulch-
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, have 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. Currently in 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 al.’ have also observed increased tree
volume in mulched citrus.

However, at UCR citrus mulched with
spoiled alfalfa or a commercial sewage sludge
exhibited puorer growth than non-mulched
trees. Phytophthora parasitica populations
were greatly enhanced by these high-nitrogen



mulch treatments, which led to extensive root
damage and reduced tree growth. While the
literature predicts that mulches will usually
be beneficial for citrus and avocado, these cur-
rent trials indicate that not all mulches will
be uniformly beneficial under all soil condi-
tions. Mulches which are beneficial for avoeca-
dos may not be beneficial for citrus. More re-
search is required to identify mulches which
are the most beneficial under California soil
conditions.

Conclustony

]
l

Benefits from mulching in citrus and
avocado can be substantial, especially when or-
ganic matter has become low. An obvious ben-
eficial effect is the improvement in soil physi-
cal and chemical properties. The reduction in
costs for irrigation water, fertilizer, herbicides,
and fungicides may offset the costs of mulch-
ing orchard fruit trees, Cultural practices that
eliminate or reduce environmental pollutants
have an inherent value beyond immediate re-
turns, and will probably benefit growers in the
long term.

Those soils with poor infiltration and
high expendable sodium have the highest in-
cidence of avocado and citrus root rot®. 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 health 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 also 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.
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Avocado Diseases

Howard D. Ohr!, Ben Faber? and Nigel Grech!

AVOCADO ROOT ROT

Avncadn root rot is the most serious avo-
cadodisease in California and most other
avocado producing areas of the world. It is
caused by the soil fungus, Phytophthora cin-
namomi, which thrives in areas of excess soil
moisture and poor drainage. Trees of anv
size and age may be affected.

Symptoms

Leaves of infected trees are small.
pale green, andoften wilted. Foliage is sparse.
viving the tree anunthrifty appearance. New
Jruxsthi-u-tmllx absent: butifit occurs, new
leaves are small and of poor color. Small
branches die back in the top of the tree,
allowing other branches to become sun-
burned because of the lack of foliage (Fig. 1.

Diseased trees frequently set a heavy crop of

Fig. 1. Avocado tree showing symptoms of root rot.

Fig.2. Root symptoms of avocado rootrotl: lefl. diseased
roots: right, healthy roois.

small fruit.

The small fibrous feeder roots mayv be
absent on diseased trees: if present. they are
usually blackened, brittle. and dead 1Fig.2).
The absence of feeder roots prevents the up-
take of moisture, and the soil under diseased
trees stays wet even though the tree appears
wilted. Roots of pencil size or larger are sel-
dom attacked by the fungus.

Damage

Affected trees will decline and die
either rapidly or slowly. The disease can be
spread from a few trees to the entire orchard
by unaware growers and workers.

Control

The fungus, Phvtophthora cinnamomi.
which causes ayocado root rot has over 1,000
hosts and can be spread by moving contami-
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nated nursery stock of avocado and other
plants, in water moving over or through soil
containing the fungus, on equipment and
shoes, in seed from fruit Jying on infested soil.
or by other types of activity by man or ani-
mals in which moist s0il is moved [rom one
place to another, Control is best achieved by
an integrated approach of prevention, cul-
ture, and treatment.

Plant on well drained soil. Root rot devel-
ops in soils that have poor internal drainage
because accumulated moisture permits the
fungus to form its spore stages and to infect
the roots. In new plantings, avoid soils favor-
able to root rot development; in established
plantings. manage soils carefully so that
moisture does not accumulate in the soil.

Use disease-free nursery stock. Histori-
callv, diseased nursery stock has been one of
themajor causes of the spread of avocado root
rot into the avocado-producing areas of Cali-
fornia. Avocado trees certified to be free of
avocado root rot are available from nurseries
that parucipate in the certification program.
It is recommended that disease-free trees be
used especiathy when planting new areas.

Preventi soil or water movement from
infested arcas. The lungus can be moved by
any means by which moist soil is moved. and
wlso can be spread downhill fromy an infested
area by surface or subsurface drainage wa-
ter. Install water-tight drains to take care of
surface runoff if a diseased area lies above
vour healthy grove. Control gophers, as their
runs can provide means of moving the fungue
i water,

Irrigate diseased trees and margins of
discased areas carefully. Since high =oil
moisture favors root rot development, careful
irrigation can retard the spread ofthe disease
and often prolong the life of affected trees.
Dizeased trees have fewer roots to take up
water, so do not water soil that is already wet
as this increases the disease problem.

Fumigate small spots of disease. If oniy a
few trees are affected, and the disease is
detected early, cut off the trees at ground
level and fumigate the soil with maximum
dosages of fumigant. Check with your local
University of California Farm Advisor or a
licensed Pest Control Advigor for current
availability and use of fumigants.

Establish a barrier. Il the disease situation
is such that the fungus occurs in only onearea
and cannot spread downhill in surface runoff
or drainage water into the part of the grove to
be protected, a physical barrier should retard
spread. Establish the barrierat least two tree
rows bevond where tests indicate the fungus
Lo be present. The barrier should consist of a
fence and/or warning signs to inhibit move-
ment between the root rot area and healthy
sections of the grove.

Resistant rootstocks. Some resistance to
rool rot has been found in several different
varieties such as Duke 7, Thomas, and G755.
Clones of these and similar varieties are
more resistant than seedlings and are in
general use in the industry. It 1s important o
remember that these rootstocks are resis-
tant—not immune. 1f they are planted or
maintained under adverse conditions. they
may be killed by the combination of these
conditions and the disease.

Fungicides. Fungicides should not be de-
pended upon alone to control root rot. but
should be viewed as part of an integrated
plan that includes the best cultural and bic-
logical controls available. There are currenty
two fungicides available for use on avocados
You should check with vour local Farm Advi-
sor or Pest Control Advisor {or the latest
mformation on these fungicides and their use
on avocado.

Crop rotation, Replanting the infested =oil
to resistant crops is one of the best ways to
control avocado root rot, The fungus has a
wide host range, but there are many plants
that are not susceptible, including all variet-
ies of citrus, cherimoya, persimmon, all types
of vegetahles, most annual flower c¢rops, and
many deciduous fruit trees and berries. Mac-
adamia is highly resistant to Phytophthora
root rot, although a few cases of Phytoph-
thora trunk canker have been found on mac-
adamia trees in California.

ARMILLARIA ROOT ROT

he Armillaria fungus becomes well estab-
lished in the roots before any visible ef-
fects appear in the top. There may be z
gradual deteroration in tree vigor, with the
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Fig. 3. Tree willed by Armillaria root rot.

Fig. 5. Fruiting structures (mushrooms) of Armiflaria.

foliage yellowing and dropping over part or
all of the tree; or there may be a sudden
wilting and collapse. Death of the tree usu-
allv follows 1 Fig.d).

The most reliable sign of Armillaria
root rot is a white, fan-shaped growth of the
fungus mycelium under the bark of diseased
roots (Fig. 4. Purplish-brown cord-like rhi-
zomorphs that resemble feeder roots some-
tmes grow on the surface of diseased roots.

The Armillaria fungus may produce a
mushroom stage around the base of the in-
fected tree during the rainy fall and winter
months. The appearance of the mushroom
cap is quite variahle and may range from a

Fig. 4. Armillana: Middle root shows cracks and black
lines of pseudosclerotium caused by growth of Armitiaria
i the root. Top root shows the white mycelial fans typical
of Armiftana after ihe bark is removed from the root,
Bottorm root shows the deterioration of the mycelial fans
foflowing fumigation of the soif.

cream color to honey-yellow to almost black.
and may have acovering of brown scales (Fig.
51 A great number of spores are produced.
but they do not appear to be an important
source of infection in Califprnia avocados.

Spread of the Fungus

Armijllaria root rot spreads from place
to place in infested wood. This wood mav be a
rootl fragment or part of an infected nurser
tree. [t may be carried by {lood water. by leaf
mulch gathered from under infected trees. by
cultivating equipment., by any of man’s ac-
tivities which might move infected wood and
soil. Long after the aerial parts of the tree are
gone, the fungus remains alive in the roots
When susceptible trees such as citrus. peach.
or avocadoare planted in soil with Armillaria-
infected roots or wood pieces, and the new
rogts come in contact with the fungus. thev
are exposed to infection. Infection is accom-
plished by direct penetration of a rhizomorph
into the bark or by root to root grafts. The
fungus spreads from tree to tree in diseased
areas inthe orchard, mainly by growingalong
diseased roots and infecting the healthv roots
of adjacent trees.

Control

Armillaria fungus is very gensitive to
drying, and a 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 successfully controlled
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



Control Advisor for the current availability
and use of fumigants for this purpose.

AVOCADO BLACK STREAK

he disease knownasavocadoblack streak

(ABS) has been present in California for
over 60 vears but apparently becomes a prob-
lem only under certain poorly-defined envi-
ronmental conditions. While the disease oc-
curs frequently in California. elsewhere there
have been onlv one observation in Florida
and one occurrence in the Canary Islands on
trees shipped from California. To date, the
disease has only been observed on Guatema-
lan varieties such as Hass. Reed. and Nabal.

ABS may occur wherever Guatemalan
varieties are grown in California. All ages of
trees are affected and svmptoms have been
observed on trees as voung as one vear to
over 35 vears old. All groves in an area will
not have the disease, and ABS incidence
varies considerably within affected groves.

Symptoms

ABS appears after prolonged periods
of environmental or cultural stress. An af-
fected tree usually gradually declines and
mayv eventually die, but rapid collapse may
occur (Frg. 6). Fruit production is usually
poor.

Because many of the symptoms are
similar to those due to other causes, the can-

Fig. 6. Avocado tree with chicrotic foliage and one dead
branch caused by Avocado Black Streak.

ker on the trunk and branches was chosen
as the diagnostic symptom (Fig. 7). The can-
ker 1s characterized by the accumulation of a
dry, powdery, water soluhle sugar that ex-
udes through minute cracks in the bark (Fig.
8). In the absence of the powder, the canker
1s difficult to find. Cankers may range in size
from very small to most of the trunk and do
not favor any side of the tree.

Scraping of the bark surface over the
lesion reveals shallow, reddish-brown areas
that rarely extend into the cambium (Fig. 9).
These areas can often be removed easily by
inserting a knife blade under them and pry-
ing upwards. Because trees die with very few

lesions, the lesions appear to be the result of

the disease, and not the cause of tree death.
Other symptoms of the disease include chlo-

rosis, early bloom. branch die-back. leaf

blotching, zinc deficiency. bunchy growth.
wilting of foliage. and rapid death of new
growth.

Fig. 7. Trunk fesions associated with Biack Streak
Lesions can occur anywhere on the trunk or main
branches




Fig. 8. Close-up of Black Streak lesion.

Fig. 9. Biack Streah lesion affer bark remava'
Lesions are normalty shailow

Control

Current management of ABS consists
of maintaining plant health with good fertil-
izer and water practices and preventing stress.
Unthrifty trees should be removed and the
site fumigated before a new tree is planted.

VERTICILLIUM WILT

his disease is caused by the soil fungus,

Vertictllitum albo-atrum,quite a different
type than the Phytophthora root rot fungus.
The fungus enters the roots and invades the
water-conducting system, retarding or pre-
venting water movement to the foliage from
the roots. Verticillium Wilt is not as serious
or as common a disease 1n California as is
Phytophthora root rot.

Symptoms

The leaves suddenly wilt on one par: of
thetree(Fig. I0)orontheentiretreetFig /!
tiien turn brown and die, remaining attached
to the branches for several months. Brown to
grey-brown streaks are seen in the wood of
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Fig. 10. Tree partially affected by Verticitlivm Wilt
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Fig. 11. Tree tofally affected by Verticifiium Wit

the branches or roots when the bark is peeled
(Figs. 12,13, Often, 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 tree branch infected

by Verticiftium.

Fig. 13, Branch cross section from g tree infecled by
Verticilium from an early age. Note the brown spots
indicating infecled vascular lissues

Prevention

Use Mexicanrather than Guatemalan
rootstocks: the [ormer appear to be mare
resistant to thizs disease,

Do not plant avocados on land that has
been used {or other crops susceptible to Ver-
tieillium Wilt such as tomato. eggplant, pep-
per. many berries, apricot, potato, andanum-
ber of flower crops.

Do not plant susceptible crops in an
established avocado grove.

Do not uge trees that are or have been
affected with Verticillium Wilt as sources of
budwood or seeds.

Control

Often, no treatment is necessary as
trees recover completely. Dead branches
should be removed after die-back has ceased
and new growth has begun. In case of severe
and recurring disease, fumigate the area fol-
lowing recommendations of vour local Uni-
versity of California Farm Advisor or Pest
Control Advisor.




PHYTOPHTHORA CANKER

or COLLAR ROT

hytophthora canker,orcollarrot, iscaused

by the fungus, Phyfophthora citricola.
Occasionally. cankers caused by P. cinna-
momi are found. but thev are rare. Previ-
ously uncommon, collar rot has become wide-
spread in Cahifornia, attacking many trees.
and is second only to avocado root rot in
severity. P. citricola has a wide 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
gxcess soil moisture which is essential for
dissemination of spores.

Symptoms

Trunk cankers are normally found on the
trunk base of older trees, usually originating
at or below ground level. The canker appears
as a dark region which often gives

rise to a red. resinous exudation which on
drying turns into a white crystalline deposit
(Fig. 14). Cutting away the superficial canker
reveals an orange-tan to brown pigmented
lesion, instead of the normal white or cream-
colored tissues (Fig. 15). The lesion has a
fruity odor when exposed. The lesion may
progress all the way down to the woedy lay-
ers, but it is rarely found in these tissues.
Lesions can spread in the crown roots and
proceed up into the bark of the trunk /Fig
16). Depending on the local conditions and
rootstock. the disease has been found to exist
on trees for years, inducing a gradual decline
in the tree. In some cases, the disease can
progress rapidly, killing trees—whether
voung or old—in a matter of months, by
essentially destroving the phloem thark . and
in effect ring-barking the tree.

Affected trees show a gradual loss of
vigor and decline of the top. similar to the
symptoms exhibited by trees affected with
Phytophthora root rot. Qecasionallv. in ad-

Fig. 14 . Cankercaused by Phytophthora citricola at the
base of an avocado tree.
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Fig. 15. PFhytophthora canker with the bark removed,
showing the infected Hssues undemeath.




Fig. 16. Crosssection of a rootinlected by Phylophthora
cinicola. Notg that the infection has almost girdled the
root.

vanced stages trees will die suddenly. with
leaves turning brown within a short space of
time. Confirmation of P. citricola is achieved
bv laboratory tissue isolations onto selective
media for Phytophthora.

Prevention and Control

All evidence to date indicates that P.
citricola can easily be spread in or on con-
taminated nursery material, vehicles. irriga-
tion. and of course by people. The same sami-
tation procedures should be adhered to as
with root rot. Seedling rootstocks are much
more sensitive Lo trunk canker than most of
the clonal varieties. In University of Califor-
nia ficld trials to date, Toro Canyon, Duke 7,
Duke 9, and Barr Duke have shown moder-
ate tolerance, as compared to other, more
susceptible rootstocks sauch G1033, G6, and
and 755B. Some selections of 755A have
shown amuch higher level of tolerance to this

disease. Without doubt, it is a good practice
to consider more than one rootstock when
planting a grove with a history of trunk
canker and root rot.

In California, these two serious dis-
easesare increasingly found together. Hence,
integrated appmacheq to the control of both
need to be followed in orchard disease man-
agement strategies. Do not keep the lower
trunks wet for long periods, as this increases
the chances of infection. Drippers should be
placed away from the trunks. and mini-sprin-
klers should be aimed to avoid wetting the
trunks. Avoid wounding the trunks.

If cankers are detected in an early
stage. before much of the {runk is invaded.
they can sometimes be controlled by cutting
out the infected tissue. Although research
shows some promise of control, there are. as
vet. no chemicals registered for use.

DOTHIORELLA CANKER

Anuthcr. less serious. tvpe of canker is
caused by the fungus Dothiorella

gregaria, the same fungus that causes fruit

rot m California. This type of canker may
appear on branches on various parts of the
avogado tree and also may be found on the
trunk.

Symptoms

The principal evidence of infection is a
white powder that exudes from the hark and
a cracking and shedding of the outer bark.
Affected trees sometimes gradually die back
and look unthrifty; in unusually severe cases,
the tree may be killed. Examination of the
affected trunk or branches will show brown-
ish discoloration of the bark which is quite
shallow; the bark flakes off easily.

Prevention and Control

Mexican varieties are much more re-
sistant to this disease than are Guatemalan
rootstocks. The disease is favored hy moist
conditions. Do not let dead leaves and debris
accumulate around the trunks or lower
branches, particularlyifthe tree is on Guate-
malan rootstock or if the scion is Guatemalan
and the tree is budded low.




s

Control I}]P'l‘:'l.lle‘:: are usually not
needed. However, if lesions are abundant on
the trunk, aLTﬁleg the outer bark will re-
move some of the infection and encourage
regeneration of vigorous bark.

ANTHRACNOSE

nthracnose is not normally a problem in

California avocados, but occasionally be-
comes serious during periods of extended
rainfall. During these periods. the disease
can cause severe loss of foliage and fruit
infections that can be extensive but do not
become apparent until the fruit begins to
ripen after harvest.

Symptoms

Anthracnose often becomes apparent
in avocades when 1t 1s noticed that the trees
are losing many of their leaves. These fallen
leaves and those left on the trees mav have
large. brown. dead areas dppt\d:.u* in the
wnm and on their margins (Fig. 17, These
luilnh are caused by the fungus. Calletn-
trichum gloeospor toicles. This fungusisanatu-
ral inhabitant of ouravocado and citrus groves.
where it grows on dead twigs and leaves and
1§ nor nmll_\ of little importance. With ex-
rended periods of wet conditions and mild
winter tempemture: a build-up occurs of the
fungus growing on the dead twigs and leaves.

This abundance of spores falls not only upon

Fig. 18. Early symptoms of Anthracnose on avocado
frust

more leaves, where they repeat the cycle. but
many also fall upen the fruit.

After being deposited on the undam-
aged, green fruit surfaces. the spores germ-
nate and penetrate the fruit. causing small
brown to black spots surrounding the len-
ticels | Fig. 15). There iz no further develup-
ment until the fruit starts to ripen altes
harvest. During ripening. the fungus resune-
zrowth, producing tvpical visible Anthracmos
svmptoms (Frg. 190, The fungus also enters
the truit via wounds caused by other agents
such as insectz and infected areas caused by
other pathogens.

In time, these spots enlarge. often cov-
ering most of the fruit, and become covered
with the pink spares of the Anthracngse fun-
gus. (.uzh.m:‘.mhmn. When the fruit 1s cut
in half through one of the spots, it can be seen
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Flg 17. Leaf wmptoms of Anthracnase cmzsed by
Colletotrichum.

Fig. 19 . Developing lesions of Anthracnose.
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Fig. 20. Advanced decay of Anthracnose. Note the
sporulation of Colletotrichum on fruit at left. Fruit in the
middle and an the right show typical hemispherical decay
associated with the disease.

that the rot extends into the {lesh in a hemi-
spherical pattern (Fig. 204

Control

Because of the infrequent occurrence

of cunditions conduave to the development of

Anthracnose. nothing has been developed to
control the disease. So far as the foliage i=
concerned. Anthraenose is not disastrous
because after a period of dry weather the
trees recover, If another wet period occurs.
however, svmptoms may develop again.

Some suggestions {rom Australia for
field management of the disease include: en-
sure good ventilation and rapid drying of the
foliage by pruning lower limbs so that the
canopy is at least 20inches above the ground:

Fig. 21. Typicaliesion caused by Phytophthora citricola
atthe base of an avocado fruil,

He

prune out dead twigs and branches before
flowering; remove dead leaves entangled in
the tree canopy: remove infected fruit which
have not fallen from the tree; and control
insect pests which damage the fruit. While
these are good, general methods to help con-
trol the disease, they arelikely impractical in
Califormia due to the costs involved.

When a disease like Anthracnose oc-
curs, the fruit problems usually persist until
the end of the current harvest season. This is
due to the ability of the fungus to infect the
fruit at all stages and remain dormant until
the fruit ripens. There are no chemical con-
trols available, and postharvest handlingcon-
trols are oflimited use. Fruit should be cooled
to 41°F as soon as possible after harvest.
Temperatures below 41°F should be avoided
because internal damage due to chilling in-

jury may occur. Delays of longer than 6 hours

before cooling, and higher pulr air)tempera-
tures during these delays, v result in in-
creased postharvest fruit decay. This is of
increasing importance as the season
progresses, since fruits ripen faster as thev
Increase in maturity,

Temperatureiscritical to Anthracnose
development. Onee fruit starts to ripen. tem-
peratures of 75°F and above will accelerate
development of Anthraenose, while tempera-
tures below 59°F will retard development.

PHYTOPHTHORA FRUIT ROT

hytophthora fruit rot is caused hy Phy-

tophthora citricola, the same fungus that
causes Phvtophthora canker or collar rot.
The disease is ol minor importance in Califor-
nia, causing the most damage during pro-
longed wet weather, the same conditions that
favor Anthracnose. In contrast to Anthrac-
nose. which is primarily a post-harvest prab-
lem. Phytophthora fruit rot affects the fruit
while it is still hanging on the tree.

Syvmptoms

Affected fruit are often touching the
soil or are hanging on the lower branches.
Most damage occurs within one meter of the
soil surface. Diseased fruit have a distinct
circular black area that usually occurs at the
lowest spot on the fruit (Fig. 21). While most




Fig, 22.

Less typical lesion on the shoulder of an
awocado fruit.

infections nceur at the bottom of the fruit,
they can occur anywhere on the surface (Fig.
221, Internally, the rot extends into the flesh,
darkening it in the same pattern as the af-
fected area on the surface (Fig. 23).

Disease Prevention and Control

Because infection is probably caused
by the splashing of Phytophthora propagules
from the soil surface to the fruit during heavy
rain, prevention is difficult. Any practice that
helps reduce splash, such as a layerof leaves.,
may help. Fruitlying on the ground should be
removed, because the fungus can grow and
sporulate on them.

There are nochemicals labeled for this
disease on avocado.

Fig. 23. Internal symploms of fruit rot caused by Phy-
tophthora citricola.

DOTHIORELLA FRUIT ROT

othiorella fruit rot is caused by the ¢an-
ker-indueing fungus., Dothioreiic

gregarta. This disease is an occasional taul

minor post-harvest problem of avecadns in
California.

Symptoms

This disease doesnot appear when the fruitis
still on the tree, but develops after the fruit i3
picked and starts to soften. Small purplizh-
brown spots may then appear on any part of
the fruit, but more often at the stem end.
These spots gradually enlarge, and may n-
vonlve the entire fruit surface (Fig. 24). The
flesh is invaded by the fungus. becomes dis-
golored, and develops an offensive odor.

Disease Prevention

The fungus commonly grows on dead
leaves, dead margins of leaves, and on dead
branches. Do not let dead material accumu-
late in the groves. Also, avoid saline cond;j-
tions which induce leaf-burning of leaves,
because the fungus will live on the dead
portions of the leaves.

Control

See the anthracnose control section.

{1



Fig. 24. Fruit rot caused by Dothiorella.

Fig. 25. Yellow twig streaking caused by Sunblotch.

SUNBLOTCH

S unbloteh was first described in California
in 1928 as a physiological disorder. The
disease was shown to be graft-transmitted in

the 1940s. and for mam vears was thoughtto
be caused by a virus. In the 1970s, sunblotch
was de Ll‘l mined to be caused by a viroid. [t is

the only Known viroid disease of avocado.
sunbloteh can occur anywhere avoca-
do~ are grown and. while there have been
serious outbreaks in the past, it 1s currently
considered to be a minor problem that can be
avended by prevention of the introduction of
the disease.

Svmptoms

Svmpioms on twigs include narrow
vellow, red. or necrotic streaks that often are
associated with shallow indentations that
occur lengthwise along the twig (Fig. 25
Fruit may show white or yellow blotches or
streaks that may or may not be depressed
'Fig, 261, Fruit that remains green at matu-
rity usually have white or yellowish areas,
while fruit that turns black usually have
whitish areas that turn red as the fruit ma-
tures. Leaves may have white or yellowish
variegated areas, and they often are deformed
(Fig. 27). Leaf symptoms are uncommon in
the ficld. A fourth symptom is rectangular
cracking and Lheckma of the bark on the
lmnk and larger branches “alligator bark™
(Fig. 28). Trees affected by the dlceaﬁe are
often stunted with Spra\’.]mg arowth (Fig.
28). Trees with vigible sunblotch s_vmptum:-ﬁ

-

often have reduced yields.
Causal Agent

Sunblotch is caused by the Avocado
Sunbloteh Viroid (ASBVD ). ASBVD isa small.
single-stranded circular RNA molecule of 247
nucleotides with a molecular weight of
(.5x105.

Disease Cycle

The viroid is carried within the host
tissues. Visual svmptoms on the host depend
on the host varietyv. environmental condi-
tons. and viroid strain. Trees that do not
show symptoms even though the viroid might
be present in high amounts are known a=

“symptomliess carriers.” Large reductions in
vield of vigorous trees may indicate the pres-
ence of ASBVD in the “symptomless carrier”
form of the disease. The viroid is transmitted
through high numbers of the seed from these
infected trees. Although seedlings from such

Fig. 26. Fruit s ymptoms caused by Sunblotch




Fig. 27. Leaf symptoms of Sunblatch (rare in the field).

Fig. 29. Stunting of an avocado tree due to Sunbiotch.,

Fig. 28. Bark cracking on the trunk and major branches
due to Sunbiotch disease (“alligator bark”).

symptomless carriers do not show symptoms
of sunblotch when they are used as root
stocks, the disease will often appearon scions
grafted to them. Trees with symptoms trans-
mit the viroid to seed at a low frequency, but
the resultant infected seedlings normally
snow symptoms.

Transmission of the viroid most often
oceurs at grafting by using infected budwood
or rootstock seedlings. Other less common
methods of transmission are through wounds
aused by contaminated cutting tools. root-
to- root grafts, and by pollen from an infected
tree Lo the flower gvule of a non-infected
plant, resulting in infected seed. No evidence
hasz been observed for transmission of
sunbloteh to trees whose flowers receive pol-
len from a dizeased tree. There tsno evidence
of insect transmission,

Control

The primary control measure tor this
disease is the use of registered trees. which
involves careful selection of disease-tree aui-
ons and seed sources. These sourves cun be
confirmed to be disease free by indexinu,

Trees with symptoms may be removed
from the orchard, and remaining stumps
should be killed. Indexing of'suspect orchards
can be done to identify positive trees. Pruning
tools and harvesting clippers should be ster-
ilized between trees.

[n an established orchard. the threat
of spread from an infected tree is minor as
iong as the tree is not used as a scion source
or for seed. If the tree is producing good
quality fruit, the grower may elect to leave it
in place. Often such trees are left in place
with no evidence of spread.

13



BACTERIAL CANKER

Baderigsl canker is a disease that is wide-
spread but relatively unimportant. Nor-
mal incidence in a grove is a few affected
trees. In some groves however. the disease
may be severe and affect well over 50 per cent
of the trees.

Symptoms

The first visual symptoms on the bark
are dark. slightly sunken arcas with a wa-
tery, necrotic pocket under the surface. As
the canker develops, the bark eplits, usually
atoneside of the canker, and the watery fluid
oozes out and drics. leaving a white powdery
residue u:'nund and sometimes over, the le-
son (Figs 30, 31, 321 Tvpical cankers range
from 2-10 em in diameter. Usually cankers
appear at the baze of the tree first and often
spread upward in a straight line on one side

of the trunk or branch (Fig. 33). Necrotic
streaks extend in the 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 xylem. sometimes toward the center of
branches or trunks.

Severely affected trees may have from
one branch to the entire tree looking un-
thrifty with thin foliage. Sometimes,on newly
planted trees the small tree becomes stunted
with many lesions and new branches grow
from buds below the affected part. Affected
trees often have symptoms of boron defi-
ciency on the leaves.

Cause

The disease in California is caused by
the bacterium. Xunthomonas campestris,
while a similar disease in South Africa has
heen described as being caused by the bacte-
ram, Pseudomonas syringac.

Fig. 30. Active lesion of Bacterial Canker.

i

Fig. 31. Mnacuve lesion of Bacterial Canker.

e




Contraol

Normally, the disease appears to be a
minor problem with no control necessary. If
the disease is severe and vield is affected, the
tree should be removed.

KA .
Fig. 32.
fesion.

Fig. 33. Bacterial Canker. Note the progression up fthe
free

Fig. 34. Necrotic streaks in the wood between Bacter:ai
Canker lesions.
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GOOD AGRICULTURAL PRACTICES SELF-
AUDIT

This program is intended to assess your efforts to minimize the
risk of fruit contamination by microbial pathogens and to ensurc
optimal quality.

Narme:

Title:

Company Name:

Audil Site{s);

Main Address:

State: Zip: Telephone No:

Fax: Email:

Date audit conducted:

Have you participated in Good Agricultural Practices (GAP)
Trainmg? Yes No

Is there a map that accurately represents your farm operations?
Yes No

Are all crop production areas located on this audit site?
Yes No

Oiher locations to be audited:

lotal acres farmed (owned, leased, contracted, etc.):

List farm products:




Conditions under which an automatic “unsatisfactory™

should be assessed: I. GENERAL QUESTIONS
* Produce is grown or harvested under conditions that promote —— —
or cause contamination, presenting an immediate food salety Implementation of a Yes
cigk. Food Safety Program -
e The presence or ey idence ul"rudans. or animal ol Ilum:‘m A documented fruit quality/safety
fecal waste in the orchard or at fruit transportation staging (| program incorporating Good 1%
arcas. Agricultural Practices has been 3
e Observation of employee practices (personal or hyuienic) S 1jnpl<:mcnted.
that jeopardize or may jeopardize the salety of the produce. A specific individual has been
Note: D inthe DOC column indicates documentation must , | designated to implement and oversee v
be available 1o receive points for that item. < | the Tood safety program. I
Name: —
3 GAP self-andits are performed at 10
~ | least once every six months,
‘ A third-party GAP audit is performed
al least once per year.
Name ol auditing firm used:
- 10
Score and rating of last audit:
|
| e -~
| Farm personnel are knowledgeable of
5 | the proper use of all pre-harvest 10
| chemicals.
A documented employec food safety 10
training program is in place.
TOTAL POINTS RECEIVED ' e
FOR THIS SECTION: L




Worker Health and Hygiene

Potable {drinkable) waler is
available to all workers.

hygiene is provided to ali stafT.

Employees are required to wash

Training on proper sanitation and

Readily understandable signs are
posted to instruct employces to wash
their hands before beginning o1

their hands before beginming or

1

Worker Health and Hygiene

There is a written policy describing
procedures for handling/disposition
16 | of produce or feod contact surfaces
that have come into contact with
blood or other body fuids.

Workers are instnicted to seck
prompt treatment with clean first aid
supplies for cuts, abrasions, and
other injuries

All empioyees and all visitors to the
location are required 1o follow
proper sanitation and hygiene

TOTAL POINTS RECEIVED
FOR THIS SECTION:

Employees and visitors ate
following good hygiene/ sanitation
practices. {

potable water for handwashing

———— - ———
All toiletrestroom facilitics are
clean and properly supplied with |
single-use towels. toilet paper, hand ‘
soap or anti-hacterial soap, and

Simoking and eating are confined to
designated arecas separate [rom

10

15

Comments:

Implementation of food salety program:

Worker Health & Hygiene:

&
9
' retuming to work,
— P
10 !
relurning to work.
11
practices.
|
12
|
13
|
14
where produce is handled.
15

Workers wilh diarcheal disease or
symptoms of other infectious disease
are prohibited from handling fresh
produce and from handling materials
and equipment that might come in
contact with fresh produce

Total points received for GENERAL QUESTIONS:

Tatal Possible = 200
L.ess "INFAT
Adjusted Total:

x .7 (70%) PPassing Score

Your Score:

PASS: Y N




II. FARM REVIEW Fogo o Xt
Water Usage, Sewage Treatment, Ves | No | N/A | DO«

ol . and Soils s
FEY T ] — : , e '

| Water Usage, Se\? age Treatment, Yes | No | N/A | pOC Previous land use history indicates

. and Soils : % 4l 28 | that there is a mmimum risk of 5 0

' Whal is the source of irigalion water? (Pond, Stream, Well, produce contamination.

| 18 | Municipal. Other/Specily) When previous land use history

indicates a possibility of produce

prmg———— — o v : H _(__I ———rn 29 | contamination, sotls have been tested 5 0 D
P ol s BT K . p 2 5 ™ ."._ | y o —
o How are trees ierigated? (Flood, Drip, Sprinkler, Other/Specify for comanfinants and land wse i
f . commensurate with test results.
;—4 ——
' Water quality 1s known to be IF'OTAL POINTS RECEIVED
20 | adequate for irrigation method FOR THIS SECTION;
and/or chenmeal application.
If appropriate, water qualily is tested T Wq . : BT
3 | E EE e Manure and Municipal Biosolids | Yes
annually. . :
-' Manure lagoons are maintained to
f necessary, steps are taken (o 30 . 5 1)
2 A A ' prevent leaking or overfllowing.
22 | protect irrigation water from | : —
potential contamination. 1 Raw manure is not used as a soil 10
| ' = 1 : amendment,
I- The fann scwapc trcatment system is Stk —
23 | functioning property and there s do When raw manure is applied, i s a
. | evidence of leaking or runofl. 32 | leass at feast 120 days prior io 10
| ' 3 = o~ ) harvest.
| There is no municipal/commercial | —
24 ‘ sewage treatment factlity adjacent to Manure or biosolids are properly
' | the farm. 11 treated. composted or exposed (o 10
e ; - cnvironmental conditions that lower
| Groves are not located near or
i " . the expected level of pathogens
25 | adjacent to dairy or livestock e .
| . LR - -
| production facilities, 14 Manure or biosoluds are properly 10 o
|l ) ’ stored prior {o use.
| Measures are 1aken (o restrict access il — S
26 | of livestock to the source or delivery if composted animal manure or
: system of irrigation water. treated biosolids are wsed, records
= = are maintained showing that the
Measures are taken to deter wild or 35 E . Y 5 Q D
i : . are properly composted, such as
27 | domestic animals from entering el ]
certifications or Standard Operating
avocado groves., . 5
= = Procedures for composting.




Manure and Municipal Biosolids

Measures are laken (o mininze
recontamimation of treated manure
or hiosohds

s e

Records of orgame and non-organic
fertilizer applications are kept and
| available for review.

Controls are in place to prevent
indirect contamination from raw
animal manure from adjacent
propertics.

Yeg

[0

A

TOTAL POINTS RECEIVED
FOR THIS SECTION:

0

IN/A

DOC

Pesticide Management

Pesticide appheator number:

Person responsibie for permits;

Pesticide application records are on
file with county.

All applicable county, stale and
federal regulations are Yollowed for
pesticide usage.

Records are mamtained for
pesticide usage on crops

An independent patty is used to
test for pesticide compliance.

Employees are knowledgeable
regarding proper use of restricted
and/or regulated chemicals,
pesticides, fungicidles, ete. that arc
applied pre-harvest procduction
phasc.

Yes

1]

10

46

47

TOTAL POINTS RECEIVED

FOR THIS SECTION:

Comments:

Water Usage, Sewage Treatment, and Soils

Manure and Municipal Biosolids

Pesticide Management

Pesticide Management Yes | No | N/A | DO
Pesticides are applied by fully 5 0 D
trained applicators.

Proper apparei for pesticide 5 0
application is provided. .
Pesticides are used according to 10 0
label instructions.

Total points received for FARM REVIEW:

Il Possible =

245

Less “NAAT

Adjusted Total: __
X7 (H0%)

Y our Score:

PASS: ¥ N

_ Passing Score




I1. FIELD HARVESTING ACTIVITIES

49

Worker Sanitation and Hygiene

Yes

No

N/A

A management program is in place
to identily potential contamination
risks during the growing and
harvesting season.

50

The farm has documented
procedures to address sanitation
requircments during growing and
harvesting.

L)

The number, condition, and
placement of field sanitation units
comply with applicable state
and/or federal regulations.

10

0

0

0

13

D

Field sanitation units are cleaned
and serviced on a scheduled basis
and at a location that minimizes the
risk for product contamination.

10

Field sanitation units are directly
accessible lor spills. major leaks
and servicing.

10

A response plan is in place in the
event of a major spill or leak of
field sanitation units.

LA
LA

Field sanitation units are properly
supplied with single use towels,
toifet paper, hand soap or anti-
bacterial soap and potable water
for hand washing,

10

TOTAL POINTS RECEIVED
FOR THIS SECTION:

DOC

30

Field Harvesting and
Transportation

Yes

[ pesticides were used during ¢crop
production, treatment records are
checked beflore picking fruit to
ensure that all preharvest intervals
(chemical withhelding periods)
required by law have been adhered
to,

Fruit is picked only when
completely dry.

64

Fruit that has been in direct contact
with the ground (including
windfatls and fruit on low-hanging
branches) is handled seperately.

Punctured or rodent-damaged fruit
is discarded.

10

Harvested fruit is placed directly
into bins or laid on tarps. Fruit is

never placed directly on the ground.

IT fruit is laid on tarps, tarps are
sterilized or replaced (requently.

Workers are instructed not to stand
in feld bins.

Tables, totes, bins, and other
harvesting containers are cleaned or
sanitized prior to use.

[Damaged or soiled containers are

repaired or disposed of.




FField Harvesting i . . e =
s e ot nd Yes | No | NA | DOC .
ransportation Comments:

| Fielt bins are high-pressure Worker Sanitation and Hygiene

. . e
65 | washed, rinsed. and sanitized
before reuse.

[ Clean bing that are not heing used
| immediately are covered 1o prevent

{1 . i :
contamination by birds and/or
animals.
Clippers are treated with aleohol, > s . .
g Field Harvesting and Transportation
67 bleach solution, or quaternary

ammoniun compounds during
breaks.

Harvesting cquipment which
68 | comes into contact with produce is
kept as clean as practicable.
Farm workers are instructed not to
use harvesting containers, toles.

= etc. for carrying or storing non-
produce items. Total points received for FEELD HARVESTING ACTIVITIES:
70 | }N’alcr applicd to harvested product
is potable. Total Possible = 190
5 Less "N/A™
Efforts arc made to remove dirt, Adjusted Total: a
71 mud, twigs, and leaves from frun x .7 (70%) sl Passing Score

and/or containers before sending to
the packing facility.

Your Score:

Transportation cquipment uscd to PABSY ¥ o
move produce from field to

72 | packing operation or storage and
which comes into comact with

produce is ¢lean,

TOTAL POINTS RECEIVED
FOR THIS SECTION:




74

IV, ORCHARD MANAGEMENT

Rot and Discase Management

Dead fiuit. branches. and leaves
are regularly removed from the
Canopy

A mechanical mulcher/chipper s
used to speed the breakdown of
pruning wood and windfall fruit on
the archard Moor.

Yes

No

Before planting, soil 1s prepared Lo
allow for pood drainage.

76

77 ,
‘ stock is planted,

In heavy clay seil, trees are planted
on mounds or ridges to allow
drainage.

Only certified disease-free nursery

Tensiometers or viher lools are

| 78 ’
i { used to schedule rrigation,
| S . e -
i Irrigation water from reservoirs
| 79 | and canals is treated with chlonine
i o climinate moculum
%0 .Wa‘lming signs are placed between
| infected and uninfected orchards.
‘ Boxes cantaing copper sulfine
g] | are placed at grove entrance and all
ool trafTic is required to dust
shoes before entering the grove.
l Shallow chlorinated or copper
| sulfate-treatcd water baths are
( 82 | placed at grove entrance for

vehicles to drive through when
entering the premises.

N/A

DOC

H3

84

K5

b4

Rot and Disease Management

Afier use in a discased orchard, all
cquipment {shovels, soil augers,
trowels, eic.) is sanitized before
reuse,

Pruning. cutting and injections
tools are treated with 153% bleach
sofution between trees.

Before grafting. a lab test isrun to
detect sunblotch viroid in graft
wood.

Fruit on the ground is removed and
discarded.

Yes

10

10

TOTAL POINTS RECEIVED
FOR THIS SECTION:

K7

hY,

90

91

Insect, Vertebrate Pest and Snail .
Control

A qualified Pest Control Advisor
or University of California Farm
Advisor is consulted before
applying pesticides.

Brush and woodpiles are cleared
from in and around orchards.

Pet food is stored in rodent-proofl
containers and leftover food is
removed from pet dishes.

Garbage containers arc kept tightly
covered.

During first year of growth, tree
trunks are protected with |-inch
mesh wire to prevent damage from

deer and rabbits.




Insect, Vertebrate Pest and Saail
Control

Groves are feneed in 1o keep
wildlife and pets o

Brown gerden swanls are treated
using decolfate snails or chemicals
(e.g.. iron phosphate or
metaldahydc).

TOTAL POINTS RECEIVED
FOR THIS SECTION:

Comments:

05

Fruit is picked only when air
temperatures are below 949 °F,

At tempersures near 90 ?F hins
are transported 1o the packing
{acility as quickly as possible,

96

Harvesied fruit is covered with
leaves or a screen (not burlap) to
protect from sunbuti,

TOTAL POINTS RECEIVED
FOR THIS SECTION:

Harvesting and Field Handling

Fotal Possible =
Less “N/A™
Adjusted Total:
X .7 (70%)

¥ our Score:

Passing Score

I*ASS: Y

SECTION

PASS | SCORE H FAIL

I. General
Questions

1. Farm Review

111 Field
Harvesting
Activities

IV. Qrchard
Manapgement

Total points for ORCHARD MANAGEMEN'T:

SCHEDULED
RE-TEST DATE




WORKSHEET 1
PATHOGEN REDUCTION CHECKLIST FOR

COMPOST*

AsK your compost supplier for the Toltowing information:

1. Percentage and physical make-up of the composted material:

d

Date the compost process was started

3. Daily temperature readings of 131 degrees Fahrenheit on
higher?

4. 15 Days or longer at | 31 degrees Fahrenheit for windrow
composting?

5. Windrows turned a minimum of 5 turnings?

6. Microbiological testing conducted? (E. coli < 1,000
MPN/gram and Salmonella < MPN/4 grams: “MPN" means
“Most Probable Number)

* This form is only a sample and should be modified by the
appropriate technical experts and legal advisors to mect the
needs of your particular operation.

WORKSHEET 2

FIELD SANITATION AND WORKER

HYGIENE CHECKLIST*

Ranch Name/lLocation:

Field Sanitation

Yes

Description

Condition of Field Toilets

A, Correct number of toilet lacilities
for male and female workers

B. Close proximity to employees (1/4
mile or 5 minutes)

C. Clean and sanitary facilitics

. Documentation of maintenance
and sanitation

1. Average number of cmployees por
week

2. Number of ficld toilets 1n use

I Frequency of cleaning

4. Procedure for maintenance and
suamitalion

F. Provisions for regularly checking
toilet paper

Worker Hygiene

A. Written training precedures

Yes

Description

1. Frequency and content of training

B. Document information on hand
washing

1. Daily rinse and clean of wash

water tanks
2. Daily replemshment of waler

1. Sowrce of handwashing waler

4. Sign indicating “For Hand

Washing Purposes Only”




Worker Hygi S T === WORKSHEET 3
orker wene g inti A :
- R | FIELD SANITATION MAINTENANCE LOG*

C. Procedure tor providing and
replenishing daily

1. Ciean hand washing water . . Grower/Ranch
3. "Sgap A il Location:
3. Simgle purpose um—f'cts B — N o= .
- Beginning Date: l'hrough End Date:
Drinking Water Policy Yes | Description
A, All drinking water potable - . 3 | E\'V:;fek 3 #lof J(;f Checked By i%]’ljt?}mn
B. Single usec cups provided naing Mpioyees nits : (L1

C. Drinking water changed daily

D. Water containers rinsed and
cleaned daily

E. Document source of water |

Medical Leave and lllness Yes | Description [

A. Written medical leave and illness 1
reporting policy

*1'his form is only a sample and should be modified by the appropriate —
experts and legal advisors to mect the needs of your particular
operation, 1 R

*This form is only a sample and should be medified by the appropriate
experts and legal advisors to meet the needs of your particular
apcration.



WORKSHEET 4

FIELD SANITATION HYGIENE SUPPLIES*

Grower/Ranch
Location:

Beginning Date:

Through End Date

Date Hand- Soap
wasgh
I Water
Check/ Check/
Refill Relill
Check/ Check/
Refill | Refill
Check/ | Check/
|| Renl Refill
Check/ Check/
______ ~ Refill Refill
Check/ Check/
i f_l{_eﬁll Refill
Check/ Check/
1 Refil | Refill
Check/ Check/
| Refill | ReFli
Check/ Check/
Refill | Refill
Check/ Check/
Refill Refill
Check/ Check/
| Refill Refill
Check/ Check/
_ Refill | Refill
Check/ Check/
| Refili Refill
Check/ Check/
- Relill Refill

Paper Toilet Checked
Towels Paper B»
Cheek/ Check/

Refill Refill
Check! Check/
_Refill_ | Refill
Check/ Cheek/

Relill Refill
Cheek/ Check/

Refill Relil |
Check/ Check/
~Refill | Refill
Check/ Check/

Refill | Refill
Check/ Check/

Refill | Refill |
Check/ Check/

Refill Refill _
Check/ Check/

Reflill Refill |
Check/ Check/
Refill | Refil |
Cheek/ Check/

~ Refill | Reml |

Check! Check/

Refill | Refill
Check/ Check/
~Refili | Refiil

*This form is only a sample and should e modified by (he appropriate

technical experts and lepal advisars to mcet the needs of your particular

operation,

WORKSHEET S

HARVEST TOOL CLEANING CHECKLIST*

Ranch Location:

Date:

manner”’

Are tools betng maintained so as o remain (ree y ] N
= ; cs 0
of damage such as ragged cdges?
1s there a regular repatr/inspection program to Yos No
periodically fix or replace damaged tools?
Are the tools kept clean of extrancous
X o Yes No
materials such as tape?
Are stations available [or the tools (e be
cleaned and dipped in sanitizing solution Yes | No
periodically duning the day?
Is the sanitizer concentration verified and
’ ) Yes | No
documented in a log?
= R o > SN
Giloves are not to be used as a substitute for
hand washing. Is there a handwashing program | Yes [ No
in place? 1= it being followed?
Are gloves maintained in a cican and sanilary .
Yes | No
Do workers know that gloves and harvesting ,
: ; 1 Yes No
tools are nol to be taken into the toilet facility®
Are gloves cleaned and rinsed periodically Yes No
during the harvest day? '
Is there a program to replace heavily soiled or wea | e
damaged gloves on a routine basis? ; '

* This form is only a sample and should be modified by the
appropriate technical experts and legal advisors to mceet

the needs of your particular operation.




WORKSHEET 6
WATER WORKSHEET*

Grower/Ranch Tocation:

Water Source: Irrigation | Pesticlde Hand Drinking ]
Water | & Foliar | Washing | Water

Applica- Water

tion

Source:
Cappedwell Yeu/No Yes/MNo Yes/No Yoo Np
Uncapped well

Opcen Source: canal,

, Yes/No Yes/No YesNo YesNo
reservoir, pond, etc.

Source: Municipal

e Yes/No Yes/Ne VesiNa YesNe
district water

Drip irrigation - | Yc-;.;’Nu i Yes/No Yes/No Yes/No
_(}-»erhead in'igatiﬁn_ = Yes/No 1 yesNo YesNa Yu«.fNu_
Flood icrigation Yes/No Yc-.c;an Yes/No : \:cs‘Nn |
::alll::'!llr::::;:r::i:? moaticn YuesiNo Yes/Ni Yeos/No Yos Ne
List Applicable Dates for Each Category

Capped Well Annual Test

i i R - . - i
tineapped water source

{well. canal, reservoin)
guarterly test

Munieipal District quality
Report

Corrective action & e
taken {chlorinaie.
disinfect. filter, etc.)

List potential risks from
adjacent land {attach
additional sheels as
NCCEssary)

* This form is only a sample and should be modified by the
appropriate technical experts and legal advisors to meet the
necds of your particular operation.

WORKSHEET 7

DRINKING WATER CHECKLIST*

Grovwer/Ranch Name:

Beginning Date: ~ through Year End Date:
s ; , Water
N Drinking Water Cups Cobiabnet
Checl/Refilll | ¢ppecloRefill | Rinse/Clean
Change 2y

Checker
by

*I'his form is only a sample and should be modified by the appropriate
technical experts and legal advisors to meet the needs of your particular

operation,




. WORKSHEET 8

WORKER TRAINING DOCUMENTATION™

Date:

CGrower:

Topics
Discussed:

Trainer(s):

Attended by:

Attendee’s Name

Attendee’s Signature

#This form is only a sample and should be modified to meef the
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Pacific Rim Pre-Proposal

Applicant Information

Dr. Mary Lu Arpaia

Dept. of Botany and Plant Sciences
University of California, Riverside
CA 92521

559-646-6561 Office
559-646-6563 FAX
arpala/@uckac.edu

Project Title:

International Research Collaboration and Student Training to Manage
Avocado Productivity

Amount Requested: $12,300

Duration: 1 year

Co-investigators:

Mary Lu Arpaia (% responsibility: 25%)
Dept. of Botany and Plant Sciences, UC Riverside, CA 92521, 559-646-6561 (oflice), 559-646-
6563 (FAX), arpuiaauckac edu

Robert L.. Heath (% responsibility: 25%)
Dept. of Botany and Plant Sciences, UC Riverside, CA 92521, 951-827-5925 (office), 951-827-
4437 (FAX), robert.heath(@ucr edu

Greg W. Douhan (% responsibility: 25%)

Dept. of Plant Pathology, UC Riverside, CA 92521, 951-827-4130 (ofTice), 951-827-4294
(FAX), gdouhani@ucr.edu

Collaborators:

Alejandro Barrientos-Priego (% responsibility: 5%)

Departamento De Fitotecnia, Universidad Autonoma Chapingo. Km 38.5 Carretera México-
Chapingo, Chapingo, Edo. De México. C.P. 56230; 011-595-9521569 (office),
abarnen(@gmail.com

Monica Castro (% responsibility: 5%)

Claudia Fassio Ortiz (% responsibility: 10%)

Department of Fruit Crops, School of Agriculture, Pontificia Universidad Catéblica de Valparaiso,
Casilla 4-D, Quillota, Chile; 011-56-32-274560 (Oflice), mcastro@ucy cl, frutalesi@ucy cl




Grant Thorp (% responsibility: 5%)

HortResearch, Mt Albert Research Cenire,Private Bag 92169, Auckland, New Zealand; 011-64-
9-815-4200 ext. 7079 (Office), gthorp(@horiresearch.co.nz

First Year Budget
Budget Item Amount _Justification
TRAVEL
Airfare £6.900 A brief internet check of roundtrip Airfare to Chile varied
from approximately $900 to $1600.
We have estimated that airfare for UC Riverside Pls would
be $1 300 each; travel for Dr. Barrientos would be $1500 and
for Dr. Thorp would be $1500
Food $1,750 We would need to cover food cosis for 3 PIs from Riverside,
Dr. Barrientos and Dr. Thorp
5 people x 7 days x $50/day
Lodging $£3.500 We would cover the codl of lodging for 3 Pls from Riverside,
Dr. Barrientes and Dr. Thorp
5 people x 7 days x $100/day
Local Transpertaion $0 Our collaborators at UCV would cover local transportation
TOTAL TRAVEL $12,150
MEETING/CONFERENCES
Misc. expenses $1530 Miscellmeous costs assoctated with preparation of workshop
report
TOTAL REQUEST $12,300

Budget and grants officers’ information
Department Contact:

Juliet Cheung, 951-827-44385, juliet.cheung/@ucr.edu

Campus Contracts and Grants Officer:
Mayela Castillo, 951-827-5535, mavela castillo/@ucr.edu

Other sources of support: None at this time

Abstract

The University of California has been the preeminent research institution in the development of
new avocado varieties and rootstocks for the last several decades. Comrercial avocado
production in the Pacific Rim has been expanding at a rapid rate with the 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 to productivity as does the California industry. Overall tree health and vigor, related to
rootstock tolerance to disease, salinity and pesis are a key to overcoming productivity issues.
Additionally, an improved variety that possesses less alternate bearing characteristics and greater
tolerance to environmental stresses is desirable.



We propose organizing a planning workshop in Chile that will bring together the researchers
involved in avocado research in the Pacific Rim region. Qur 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 [urther knowledge on avocado.

Project Narrative Keywords: avocado, rootstock, research, graduate student (raining,
productivity

Description of Project

Until recently, the major supplier of fresh avocado to the US market has been Califormia. Since
the 1970’s the preeminent variety has been ‘Hass', a variety which originated in California.
Beginning in the later 1980s 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 these countries has grown immensely during the last 10
vears to the point that California fruit now accounts for less than 50% of the US market. As the
market share for these countries has increased and thus the imporiance of this crop to the overall
economy within 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 programs conducted at the University of California, Riverside.

The major limiting factors to productivity and tree health in all countries are basically the same.
Avocado root rot caused by Phyrophthora cinnamomi is prevalent in all production argas. In
Chile and California, water quality issues such as salinity and poor drainage also limit
productivity. A logical approach to addressing these issues 1s the development of improved
rootstocks. The ideal rootstock would be resistant to avocado root rot and other root diseases,
tolerant of poor soils and salinity 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
varety development in the future will be the development of less vigorous material that will be
better adapted to these management schemes.

The Riverside campus has had a long standing program emphasizing rootstock development and
the study of rootstock:vanetal influences. The Plant Pathology department has been the leader in
the development of rootstocks tolerant to avocado root rot. This program is considered to be the
preeminent program internationally. 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 underway at the Riverside campus.

We are proposing to organize a research planning meeting in Chile with the intent 10 develop the
educational and research capacity of institutions studying the avocado. We would like to hold
the planning meeting in Chile since the cooperating institution, Pontificia Universidad Catolica
de Valparaiso, has several students now focused on avocado improvement. Professor Castro and



Ms. Fassio Oniz recently received a multi-yvear prant from the Chilean govemment that is
focused on rootstock selection and improvement for the Chilean industry (see cv of
collaborators). A meeting in Chile, therefore, would allow California researchers to assess
progress being made in that country in terms 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 institutions.
Collaboration in this area would help to further our knowledge on avocado, hasten the
development of solutions to production problems and enhance graduate student experience. The
meeting would include interactions with students working on avocados at the Poniificia
Universidad Catolica de Valparaiso and field visils to research plots.

The project collaborators all have extensive experience in avocado. Dr. Arpaia has been the
Cooperative Extension Specialist for subtropical fruit crops, including avocado since 1983.
Dunng this time she has conducted research on the response of avocado to salinity and
participated in rootstock screening trials. She also currently oversees the avocado vanetal
improvement program for UC. Dr. Heath, has been conducting research with Dr. Arpaia that is
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 terms of water relations and tree
vigor. Our collaborators in Chile, Professor Castro and Ms. Fassio-Orliz, 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 rootstock
and scion. A portion of her research was undertaken on the Riverside campus under the
direction of Drs. Heath and Arpaia (Summer 2005). Dr. Thorp from HortResearch in New
Zealand has extensive experience in avocado. His research empbasis 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 kiwifruit and apples. His understanding of
production svstems is crucial for the future development of management svstems for avocados
under high density planting schemes.

Curriculum Vitae (See attached pages)



CURRICULUM VITAE

Dept. of Botany and Plant Sciences, University of California, Riverside, Riverside, CA 92521
Mailing address: UC Kearney Agricultural Center, 2940 8. Riverbend Ave.. Parlier, CA 93648, (559)
G46-6361; FAX: 339-646-6593, e-mail: arpaiai@uckac. edu

EDUCATION:

B. A. DBotany 1975 University of Califormia, Berkeley, CA
M.S. Hoerticulture 1980 University of California, Davis, CA
Ph.D.  Plant Physiology 1985 University of California, Davis, CA

PROFESSIONAL EXPERIENCE:

Dept. of Botany and Plant Sciences, University of California, Riverside, CA 92521

1983-1988 Associate Extension Specialist, Subtropical Horticulture

| 988~ present Extension Specialist, Subtropical Horticulture

Duties: Development of extension and field research programs dealing with subtropical
horticulture. Extension activities include farm advisor training and educational outreach to the
subtropical fruit industries of California. Field research includes evaluation of preharvest and
postharvest factors on subtropical crop productivity and fruit quality, including rootstock.
cultivar, irngation, pesticide, and nutrition management sirategies.

HONORS AND AWARDS:
+ Non-Scnatc Distinguished Rescarch Award for 1991-1992, University of California, Riverside, CA

o Co-Recipient, (with G. Wimey, G. Bender, M. Freeman, B. Faber, C. Kallsen, N. Sakovich. N.
O'Connell and R. Neja) American Society for Horticultural Science, Extension Education Aids
Award, July 1995 for “Subtropical Fruit News”

+ Co-Recipient, (with G. Bender, B, Faber, M. Frecman, C. Kallsen, N. Sakovich, N. O’'Connell, P.
Mauk) American Society of Agronomy, 1996 Educational Matenials Contest, Newsletter Category for
“Subtropical Fruit News”, November 1996

+ Co-Recipient (with J. Morse, R. Metcalf and R. Rice), Recognition for Qutstanding Service, February
1997 (presented by the California Avocado Commission to the UC Center for Exotic Pest Research)

+ Co-Recipient, (with G. Bender, B, Faber, M. Freeman, C. Kallsen, N, Sakovich, N. O’Connell, P,
Mauk) American Society of Agronomy, 1998 Educational Materials Contest, Newsleuer Category for
“Subtropical Fruit News”, October 1998

» Recipient, An Schroeder Memorial Award, October 2001 (presented by the Califomia Avocado
Commission, Production Research Committee)

e Recipient, Citrus Research Board commendation for Service, July 2002

SELECTED PUBLICATIONS (LAST 5 YEARS):

Arpaia, M. L. 2000. Enhancement of Avocado Productivity. I Plant Improvement - Selection and
evaluation of improved varieties and rootstocks. Calif. Avocado Rescarch Symposium, Oct. 14, 2000.
p. 7-16.
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Arpaia, M. L.. A, E. Fetscher. R. Hofshi. 2001. Avocado Flowering Basics. AvoResearch 1(2):4-5.
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White, A, A. Wooll and M. L. Arpaia. 2001. Long term sterage of 'Hass’ avocado using 1-MCP.
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University of Califorma
Riverside, CA 92521-0124 U.5.A.
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Education

B.Sc. California Institute of Technology, Pasadena, Catiforrua in Physics. (1961)
M.Sc. University of Michigan, Ann Arbor, Michigan in Physics. (1963)

Ph.D. University of California, Berkelev, California in Biophysics. (1967)

Research Experience
Post-doctor Fellow at Brookhaven National Laboratory, Upton, New York with Geoffrey Hind

(1967-1969)

Visiting Research Assoctate at University of California, Davis, Califorma with Al Tappel (1975-
76)

Visiting Scientist at University of York, Hestington, York, UK with Rachel Leech (1976)

Visiting Professor at Shefield University , Shefietd, York, UK with David Walker, FRS (1981-
82)

Visiting Professor at Lancaster University, Lancaster, Lancs., UK. with Alan Wellbum (1991-
92)

Work Experience

At University of California, Riverside, CA

Assistant Professor; Department of Life Sciences & of Biochemistry; Oct. 1969 to June
1973

Associate Professor, Department of Biology & of Biochemistry; July 1973 to June 1979

Associate Dean, Student Affairs; College of Natural & Agncultural Sciences; July 198] to
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Executive Associate Dean; College of Natural & Agricultural Sciences; September 1988 to June
1990

Associate Director; Statewide Air Pollution Research Center, July 1990 to Sept. 1992

Professor, Department of Botany & Plant Sciences; July 1979 to present

Selected Publications

Heath, R L., R. M. S, Hurd, and M. A. Madore. 1990. A generalized photosynthetic riodel for
plant growth within a closed antificial environment. Soc. Automotive Eng. Paper No. 901331
14 p.

Heath, R. L. 1991. A canopy model for plant growth within a growth chamber: mass and
radianon balance for the above ground portion. Soc. Automotive Eng. SAE Paper No.
911494. 14 p. {Also published as: Heath, R [.. 1991. A canopy model for plant growth




within a growth chamber: mass and radiation balance for the above ground portion. Soc
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varied photosynthetic modes of Portulacaria afra (L.) Jacq. Plant Physiol. 99: 1309-1313.

Guzy, M. R, and R. L. Heath. 1993, Responses to ozone in common bean varieties. New
Phytol. 124: 617-625.
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gdouhan’d, ucr.edu

Education
Ph.D., Plant Pathology, May 2001. Washington State University, Pullman, WA,

M.S., Piant Pathology, May 1998. Washington State University, Pullman, WA,
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Appointments

Assistant Professor, University of Califormia, Riverside, CA (7/2005- present)
Post Doctoral Associate, University of California, Davis. Ca (6/2001-6/2005)

Teaching Experience
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Teaching Assistant, Washington State Unuversity, Pullman, WA (8/1996-1999)
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Conferences

Arthur M. Sackler Colloguia of the National Acadermy of Sciences. 2004. Jrvine, CA
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International Congress of Mycorrhizae 4, 2003. Montreal, Canada Oral presentation
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American Phvtopathological Society (APS) and MSA, 2001, Salt Lake City, UT. Oral
presentation
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APS Society Pacific Division Meeting. 1999. Riverside, CA. Oral presentation

APS Pacific Division Meeting, 1997. Fort Collins, CO. Oral presentation

Honors

First place: student paper competition, APS Pacific Division Meeting, 1999. Riverside, CA_
Second place: student paper competition, APS Pacific Division Meeting, 1997. Fort Collins, CO.
Travel prant awarded from Washington State University Graduate School. Summer 1997,
Scholarship from the Lake Okaboji Environmental Agency to conduct independent
undergraduate research a the [owa Lakeside Laboratofy, Summer 1994. University of [owa, IA.
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CHAPINGO, EDO. DE MEXICO. C.P. 56230

Research area: new culnvars and rootstocks of avocado, physiclogy of fruit crops, avocado genelic
resources, plant propagation and general fruit crop management.

Coordination of groups:

Coordinator of the Avocado Network for Avocado Genetic Resources of the Nationa! Plant Genefic
Resources  System  (SINAREFI), SNICS-DGVDT-SAGARPA, México, since 2004
Chairman del Technical Working Party for Fruit Crops de la INTERNATIONAL UNION FOR THE
PROTECTION OF NEW VARIETIES OF PLANTS {(UPQY), since September 2005.

Coordination of Internationat Documents:

Avocado Descnptor for [PGRI.
Test Guidelines for Avocado of UPQV

Recognition as a National Researcher

Invesngador Nacional Nivel I (Level I Researcher); Sistema Nacional de Investigadores (Nacional
Researcher System SNI-SEP CONACYT- 2004 - 2008), México.

Participation in Thesis Committees
Bachelor Thesis: 44
Master in Science Thesis: 6
Ph. P. Thesis: 5



Congress Participations: 29

Papers in Congress Proceedings: 11
Abstracts in Congress: 40

Paper in Journals: 55.

Some Relevani Publications of the Area:
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BARRIENTOS P., A. F.; M. W. BORYS; AND F. BARRIENTOS P. 1986. ROOTING OF AVOCADO
CUTTINGS (PERSEA AMERICANA MILL) CVS. FUERTE AND COLIN V-33. CALIFORNIA
AVQCADO SOCIETY YEARBOOK. 70: 157-165.

LOPEZ J. A. AND A. BARRIENTOS P. 1987. SELECTION OF DWARFING ROOTSTOCKS OF
AVOCADO (PERSEA AMERICANA MILL), 1. STUDIES OF BARK:XYLEM RELATIONSHIP IN
TRUNKS OF CV. COLIN v-33 SEEDLINGS. CALIFORNIA AVOCADO SOCIETY YEARBOOK 71:
225-234.

BARRIENTOS PRIEGO, A. F., BARRIENTOS PEREZ, F., SANCHEZ COLIN, S.; Y 1. J. AGUILAR
MELCHOR. 1991. UTILIZACION DEL HUERTO-VIVERO PARA REDUCIR LA FASE JUVENIL DE
PLANTULAS DE AGUACATE (PERSEA AMERICANA MILL)). PROC. INTERAMERICAN SOCIETY
FOR TROPICAL HORTICULTURE 35; 18-22,

ALEJANDRQ F. BARRIENTOS PRIEGQ; AVRAHAM D. BEN-YA'ACOV: LUIS LOPEZ LOPEZ,
GEBHARD BUFLER: MICHAL W. BORYS. 1995 DESCRIPTORS FOR AVOCADO (PERSEA
AMERICANA MILL). INTERNACIONAL PLANT GENETIC RESOURCES INSTITUTE (IPGRI-FAQ),
ROME, ITALY. 52 P.

ALEJANDRO F. BARRIENTOS-PRIEGO; LUIS LOPEZ-LOPEZ. 2000. HISTORIA Y GENETICA DEL
AGUACATE., PP. 193]1. IN: EL AGUACATE Y SU MANEJO INTEGRADO. D. TELIZ, H.
GONZALEZ, ). RODRIGUEZ, R. DROMUNDO (EDS.). MUNDI-PRENSA MEXICO, S.A. DEC.V. D.F,,
MEXICO.

ALEJANDRO F. BARRIENTOS-PRIEGO, RODOLFQ MUNOZ-PEREZ; MICHAL W. BORYS; MA.
TERESA MARTINEZ-DAMIAN. 2000. CULTIVARES Y PORTAINJERTOS DEL AGUACATE., PP.
35.54. IN: EL. AGUACATE Y SUMANEJO INTEGRADO. D. TELIZ, H. GONZALEZ, J. RODRIGUEZ,
R. DROMUNDO (EDS.). MUNDI-PRENSA MEXICO, S.A. DE C.V. D.F., MEXICO.
REYES-SANTAMARIA 1: TERRAZAS, T BARRIENTOS-PRIEGO. A.F; AND TREIO. C. 2002.
XYLEM CONDUCTIVITY AND VULNERABILITY IN CULTIVARS AND RACES OF AVOCADO.
SCIENTIA HORTICULTURAE 92(2): 97-105.

BARRIENTOS-PRIEGO, A. F.; BORYS, M.W.: TREJO, C.. LOPEZ-LOPEZ, L. 2003, INDICE Y
DENSIDAD ESTOMATICA FOLIAR EN PLANTULAS DE TRES RAZAS DE AGUACATERO.
REVISTA FITOTECNIA MEXICANA 26(4): 285-290, ' '
ANDRES-AGUSTIN, J.. NIETO-ANGEL, A., BARRIENTOS-PRIEGO, A. F.; MARTINEZ-DAMIAN,
M, T., GONZALEZ-ANDRES, F.; SEGURA-LEDESMA, 8. D.; CRUZ-CASTILLO, J .G .; GALLEGOS-
VAZQUEZ, C. 2004, MORFOMETRIA DE HOJA DEL CHIRIMOYQ PARA DIFERENCIAR
SELECCIONES Y CULTIVARES. REVISTA CHAPINGO SERIE HORTICULTURA 10(2): 103-110.
NUNEZ-COLIN, C. A, RODRIGUEZ-PEREZ, J. E ; NIETO-ANGEL, R.; BARRIENTOS-PRIEGO, A. F.
2004, CONSTRUCCION DE DENDOGRAMAS DE TAXONOMIA NUMERICA MEDIANTE
COEFICIENTE DE DISTANCIA 3% UNA REVISION. REVISTA CHAPINGO SERIE HORTICULTURA
10(2); 229-237.

NUﬂ)Ez-COLiN C. A BARRIENTOS-PRIEGO, A. F.; RODRIGUEZ-PEREZ, J. E.; NIETO-ANGEL, R.
2006. VARIABILIDAD ANATOMICA DE LOS SISTEMAS DE CONDUCCIQN Y ESTOMATICO
DENTRO Y ENTRE GENOTIPOS DE PRUNUS SPP. DE DIFERENTES ORIGENES. PESQUISA
AGROPECUARIA BRASILEIRA (EN PRENSA).



CURRICULUM VITAE

ANTECEDENTES PERSONALES

NOMBRE MONICA BEATRIZ CASTRO VALDEBENITO

Fecha de Nacimiento 09.09.1962 Nacionalidad: Chilena
Cédula Identidad

ESTUDIOS SUPERIORES

Titulo/Grado Otorgado por Lugar Ao
INGENIERO AGRONOMO  |UNIVERSIDAD CATOLICA DE [CHILE 1987
VALPARAISO
MAGISTER EN CIENCIAS UNIVERSIDAD DE CHILE CHILE 1993
AGROPECUARIAS, CON
MENCION EN
PRODUCCION AGRICOLA
ANTECEDENTES ACADEMICOS
Departamento al que pertenece |FRUTICULTURA
Cargo Actual JEFE DE DOCENCIA
Jerarquia Académica PROFESOR ADJUNTO
Afio de Ingreso U.C.V. 1988 | N® de hrs. Contractuales | JORNADA COMPLETA
INVESTIGACIONES EN QUE HA PARTICIPADO {Ultimos 4 afios)

Afo Nombre del Proyecto y fuente de financiamiento Calidad
1997- |introduccion y evaluacion de nuevas variedades de citricos para 2
2001 exportaciéon. FIA C97-2-A-047
1997- |Establecimiento de un Programa de Saneamiento de Citricos y 2
2000 |formacion de un Banco de Razas de Virus y Viroides. FONDECYT

1971002.
1898- |Propagacién del Azafran. FIA C98-1A-051. 1
2002
1998 | Micropropagacién in vitro de Rhododendron sp. DGI 242.785/98 1
1988 - |Prospeccion de razas severas y afidos vectores del virus de la 3
2002 tristeza en los citricos presentes entre la | y VIl regién de Chile.

FONDO-SAG

V1-15-0199
2000- |Generacion de Tecnologias para la produccién intensiva y orgénica Z
2003  |de chirimoyo. FONDEF 1056
2000 - |Determinacion de una nueva raza de viroide de la cachexia que 2
2001 afecta a los citricos en Chile. DG 242.792/2000
2002- |Metodologia para mejorar el proceso productivo del nispero japonés 2
2007 |y sus posibilidades de exportacién en fresco e industrializado

incrementando su valor economico y social. FONDEF D0111053
2002- |Prospeccion y seleccion de portainjertos tolerantes a distintas 1
2003 condiciones de estrés (quimico, fisico y ambiental) y de variedades

de palto con mejores caracteristicas agronémicas que Hass en

distintas zonas agroecoldgicas de Chile. DI UCV 242.7959/2002



iacosta
Rectángulo


2002- |Programa de introduccion, seleccién y produccion de portainjertos y

2005 |variedades de palto en Chile. FONDEF D0111054

2005 |Evaluacion agronémica y propagacion de nuevos portainjentos y
variedades de pallo en distintas zonas agroclimaticas de Chile

Calidad: 1=Jefe de Proyecto 2=Coinvestigador 3=Colaborador

PUBLICACIONES (Ultimos 5 afios)

Aflo Titulo y Revista

2001 |Potencialidad del azafrdn. Empresa y avance agricola 91: 3-5

2002 Buscando un ancla a tierra. Revista del Campo, ElI Mercurio,
Diciembre.6-8

2002 |Situaciéon Nacional de Portainjertos de Palto y su relacion con factores
de productividad y precocidad. Seminario Internacional “Seleccion y
Uso de Portainjertos y Nuevas variedades de Palto”

2003 Portainjertos de palto: la mitad escondida. Avance agricola 111:15-16

2003 Programa de introduccién, seleccién y propagacion de portainjertos y
variedades de pattos en Chile. Avance agricola, Numero especial Dia
de |la palta: 6-7.

2003 |Cultivo de tejidos vegetales y su aplicacion en frutales. Avance
agricola 116:10-11.

2003 |Determinacién de rangos de variabilidad en los niveles de produccion
de pallo cv Hass sobre portainjertos de semilla de raza mexicana en
Chile. Proceeding V Congreso Mundial del Aguacate. 1565-160.

2003 Desarrollo de técnicas para la copia de arboles de palto sobresalientes
en Chile. Proceeding V Congreso Mundial del Aguacate 123-128.

2004 Portainjertos De Palto: Importancia de la Anatomia De Los Vasos
Conductores. Revista Empresa y Avance Agricola.120:18-19

2005 Production variability among Hass avocado trees grafted onto Mexican

rootstocks. South African Avocado Growers' Association 2005
Yearbook Vol 28. 48-50
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Claudia Carola Fassio Ortiz

Maillng address:
Los Pensamientos 186 Depto. 1306 Valparaiso Chile
{361032-274529: FAX: (56} 032.2745710}
e-mail: frnalesiucv.el

EDUCATION:

Degree in Science 1998 Pontificia Universidad Catélica de Valparaiso, Chile
Agronomist Engineer 1998 Pontificia Universidad Catélica de Valparaiso, Chile
M. S. 2005 Pontificia Universidad Catdlica de Valparaiso, Chile

PROFESSIONAL EXPERIENCE:

1998-1999 Professor Assistant Horticultural. Pontificia Universidad Catolica de Valparaiso,
Chile
Invited Professor optative course: Special topics in fruit phyvsiology. Pontificia
Universidad Catélica de Valparaiso. Chile
Professor course: Introduction to Agriculture. Pontificia Universidad Catélica de
Valparaiso. Chile

1999-2000 Assistant extension office of the Agronomy Faculty, Ponuficia Universidad
Catolica de Valparaiso, Chile.
Project lieder of subtropical fruit Easter Island. CORFO

2000-2003 Assistant research in project: “Generation of technologies for intensive and
differentiated cherimova production” FONDEF DO111056

2002-2005 Manager and Assistant research in project: “Program of introduction, selection
and propagation of avocado rootstocks and varieties”. FONDEF DO111054
SELECTED PUBLICATIONS (LAST 5 YEARS):

Revista del campo: Portainjerios de Paltos; Buscando un ancla a tierra. 2002.6-8
Magazine of the field. Avocado rootstocks: Looking for an anchor to land. 2002 .6-8

Articulo “Portainjerios de Paltos: La mutad escondidn™ Revista Empresa ¥ Avance Agricola
2003.111:15-16

Avocado Rootstocks: the hidden hall. Jounal: Business and Agricultural Advance. 111:15-16

Portainjertos De Palto: Importancia de la Anatomia De Los Vasos Conductores. Revista Empresa v
Avance Apricola 2004.120:18-19.

Avocado Rootstocks: The importance of the xvlem vessel anatomy. Journal - Business and Agniculiural
Advance 120:18-19.



Desarrolio de técnicas para la copia de arboles de palto sobresalientes en Chile. Memonas Congreso
Mundial del Aguacate, Espaiia.2003.123-128

Development of techniques for the copy of oulstanding trees in Avocado. Memories World-wide
Congress of the Avocado. Espaila 2003.123-128

Programa de introduccion, seleceion v propagacion de Portainjertos y Vanedades de paltos en Chile.
Memorias Congreso Mundial del Aguacate. Espafla. 2003.120-121

Program of introduction, selection and propagation of avocado rooistocks and varieties in Chile.
Memories World-wide Congress of the Avocado. Espafia 2003.120-121

Determinacion de rangos de variabilidad en los niveles de produccién de paltos cv. Hass sobre
poriainjertos de semilla de raza Mexicana en Chile Memorias Congreso Mundial del Aguacate
Espafta.2003.155-160

Determination of vanability in the levels of production in avocados. Memones World-wide Congress
of the Avocado. Espaila.2003.155-160

Programa de introduccion, seleccion v propagacion de Portainjerios ¥ Vanedades de paltos (aguacates) en
Chile. Revista RELAFRUT, Cuba. 2004.7

Program ol introduction, selection and propagation ol avocado rootstocks and vanetres in Chile™
Magazine RELAFRUT, Cuba 2004.7

Variabilidad de la produccion de Hass sobre portainjerios Mexicanos. Yearbook Asociacion de
productores de palto de Sud Africa. Vol 28. 48-50.

Production variability among Hass avocado irees grafied onto Mexican rootstocks. South Afncan
Avocado Growers™ Associalion 2005 Yearbook. Vol 28. 48-50



Curriculum Vitae

Full name: Dr Grant Thorp

Present position: Scientist

Present employer: The Horticultural and Food Research Institute of New Zealand Lid
Present work address: HortResearch, Mt Albert Research Centre

Private Bag 92169, AUCKLAND
Academic qualifications:

1980 BSc (Auckland) Botany
2003 PhD (Adelaide) Horticultural Science

Years as a practising researcher: 26
Professional positions held:

2003 - present  Scientist, HortResearch, Mt Albert Research Centre, Auckland
1989 - 2002 Undertaking PhD studies in Adelaide (HortResearch Study Leave)
1982 — 1989 Technician, HortResearch, Mt Albert Research Centre, Auckland
1980 — 1982 Technician, HortResearch, Te Puke Research Centre

Honours/distinctions/membership of societies, institutiens, committees:

Foundation member, New Zzaland Society for Horticultural Science (NZSHS)
Committee Member for Auckland Section NZSHS
Member [ntemational Society for Horlicultural Science (ISHS)

1985 CIES Scholarship, French Govemment

1987 Clark/Fletcher Memorial Bursary, New Zealand Fruitgrowers™ Federation
1987 Lincoln College Foundation Award, Lincoln College

1989 Queen Elizabeth Il Technicians Studv Award

1989 DSIR Study Award

1990 Australian Postgraduate Research Award

1993 Travel Award, New Zealand Fruitgrowers” Federation Charitable Trust
1995 NZ/USA Cooperative Science Program Award

1995 New Zealand Horticultural Science Advancement Trust Award

2002 HontResearch Chairman’s Award for Quistanding Achievement

Present research/professional speciality:

Orchard and plantation systems. Canopy management and influence of preharvest culiural practices on
preharvest and postharvest fruit quality in fruit crops. Rootstock and root system effects on plant
growth and productivity. Piant architecture. International aid programmes. Avocado (Persea
americana) and feijoa (dcca seflowiana) germplasm research.

Numbher of refereed publications: 24

Number of books: 1

Number of patents; 1 (“Opal Star’ feijoa)

Number of significant publications not included in the above:
41 Industry Publications, 70 HortResearch client reports.



Research achievements

I have a high profile in New Zealand’s horticultural industries for my expertise in plant architecture and
the developiment of pruning systems for {ruit trees. My recent research has extended to studies on how
changes in plant architecture and canopy management affect the postharvest storage quality of fruits.
Several scientific papers have been published on this research, with results presented to conferences
and industry groups in Australia, Brazil, California, Chile, Italy, Mexico and Israel. Each yvear I will
prepare at least 3 major commercial reporls on projects underiaken on behalf of the New Zealand
kiwifruit industry.

Significant outcomes from this research have 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
apple trees, towards the identification of the apple “dwarfing” gene; and the use of reflective ground
covers to improve fruit quality and productivity in persimmons and kiwifruit.

Current projects include the development of sustainable production systems for avocados in New
Caledonia; establishment of the new vellow-fleshed kiwifruit cultivar ‘Hortl6A” in California and
Italy; and implementation of pruning systems to increase carbohydrate partitioning to developing
kiwifruit.

Major Publications (in last five years)

Books
Thorp, T.G. and Bieleski. R L. 2002: Feijoas: Origins, Cultivation and Uses. David Bateman Lid., Auckland: 87pp.

Scientific
Thorp, T.G.; Ferguson, 1 B.; Boyd, L.M. and Bamett, A.M. 2003 Fruiting position, mineral concentration and
incidence of physiological pitting in ‘Hayward’ kiwifruit. Journal of Horticultural Science and Biotechnology
78: 505-511.

Ferguson, 1.B.: Therp, T.G.; Bamnett, A.; Bovd, L. M. and Triggs, C.M. 2003 Inorganic nutrient concentrations and
physiological pitting in *Hayward” kiwifruit. Journal of Horticultural Science and Biotechnology 78: 497-504.
Seleznyova, A.N.; Thorp. T.G.; White, M.; Tustin, S. and Costes, E. 2003: Application of architectural analysis and
AMAPmod methodology to study dwarfling phenomenon: the branch structure of *Royal Gala’ apple grafied on
dwarfing and non-dwarfing rootstock/interstock combiations. Annals of Botany 91: 665-672.

Thorp, T.G.; Barnett. A M. and Miller, §.A. 2003: Effects of cane size and pruning system on shoot growth, flowering
and productivity of “Hayward’ kiwifruit vines. Journal of Horticulwral Science and Biotechnology 78 (2). 219-224.
Seleznyova, A.N.; Thorp. T.G.; Bamett A.M.; Costes, E. 2002; Quantitative analysis of shoot development and
branching patterns in Actinidia. Annals of Botany 89: 471-482.

Miller. S.A.; F.D. Broom, T.G. Thorp, A.M. Bamett. 2001: Effects of leader pruning on vine architecture, productivity
and fruit quality in kiwifruit (Actinidia deliciosa cv. Hayward). Scientia Horticulturac (91): 189-199.

Thorp, T.G.. A. Barnett and J.D. Taye 2000: Harvesting light in persimmon and kiwifruit orchards with reflective
ground covers. Acta Horticulturae 557: 363-368

Thorp, T.G. and Stowell, B. 2000. Effect of pruning height and selective limb removal on yield of large *Hass’
avocado trees. HortScience, 36 (4).

Thorp. T.G. and Hallett, I. 1999: Searching for “pamadise™ in the avocado germplasm. Revista Chapingoe Serie
Honicultural Vol 5 Nium. Especial: 29-35,





