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Hull Rot on Almondsin Madera County

by Brent A. Holtz, Ph.D., UCCE Madera
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any growers noticed this
IVI spring that their
Nonpareil and Sonora

dmond varieties lacked bloom in the
lower hdf of thar trees while other
vaieties, like Came, displayed
normd bloom. Mos of the orchards
| observed with these symptoms |
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attributed to hull rot infectionswhich
took place the previous growing
season after hull split. Many growers
confuse hull rot withshading out sSnce
both can produce dead wood in the
lower canopy. | believe that hull rot
actudly enhances shading out as the
tree abandons infected wood in the

lower canopy for hedthy wood
receiving sunlight a the top of the
canopy. Irrigation management isthe
only control for Hull Rot and if you
have hul rot | suggest you come to
our Almond Field Day on May 7,
2001, &t the Sherman Thomas Ranch
in Madera, as we discuss proper
irrigation management in order to
prevent this serious yidd reducing
disease.

Asdmond trees approach harves,
at about mid hull split, clusters of dry
leaves begin to appear scattered
through the tree canopy. Individud
spurs, smdl shoots or entire small
branches may collapse. The loss of
fruiting wood, especidly in the lower
parts of the tree, can negatively affect
yield for yearsto come. Nonparell is
uudly the most severdy affected
cultivar though Sonora and Kaparell
can adso sustain extendve damage.

Hull rot is caused by ether of two
fungi, Monilinia fructicola or
Rhizopus stolonifer.  Monilinia
fructicola isbest known as one of the
brown rot fung and R. stolonifer
often is caled the bread mold fungus.
These two organiams are very
different but cause gmilar disease
symptoms on dmonds. Asthe name
implies, aleson or dryish
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rotted area develops on the hull, and
dense masses of Rhizopus spores
produce a powdery dark gray to
black growthbetweenthe hull and the
shdl. Monilinia spores are buff-
colored and can be seen oninner and
outer hul surfaces. The nutmest is
not damaged, but atoxin produced in
the infected hull moves from the hull
into the neighboring leaves and shoots
causing death of these tissues.

Neither Moniliniaor Rhizopusare
able to invade the hedthy outer hull
surface. Only after hull split begins
canspores ganaccessto the inadeof
the hull and initiate infections. Once
hul qilit starts, trees are at risk of
becoming infected. One or both
pathogens may be present in an
orchard, but Monilinia hull rot isless
common in southern San Joaguin
Vadley orchards than in other dmond
growing regions of the state. Leaves
may become infected near infected
nuts and sometime the hole spur or
shoot can die as well. Clusters of
dead leaves can become vishleinthe
summer scattered among  hedthy
green foliage. Spur and leaf die-back
are attributed to fumaric acid whichis
produced by the pahogens and
trangported to the leaves and shoots.
The black vascular tissuesinthe dead
spurs and wood can be traced back
to apedicd or infected fruit. The nut
kernd is not harmed but the desth of
the fruiting wood reduces bloom and
yidd insubsequent years. Sometimes
infected frut does not fdl during
mechanicd harves and mugs be
removed by hand poling and can dso
provide overwintering Stes for navel
orangeworm (NOW).

Culturd practices play a crucid

role in determining the severity of

hdl rot in an orchard. Vigorous,
heavily-cropped, well-watered and
fatilized orchards suffer the most
damage. | have often referred to hull
rot as the “good growers disease”
sncethe diseaseis often worseinwdl
maintained orchards. The reasons for
thisarenot clear. Theassociationwith
heavy crops might be smply a matter
of numbers. moreinfected fruit means
more toxin produced which results in
more |leaf and shoot desth.

Research by Drs. Beth Teviotdde

, David Goldhammer and Mario
Viveros have shown that hul rot can
be reduced by inflicting mild weter
stress on trees during early hull split.
In experiments in Kern County, hull
rot incidence was lessened by hdf or
more when hdf the norma amount of
water was ddlivered to trees for two
weeks during ealy hull split.
Eliminating irrigation during the two
weeks preceding harvest reduced hull
rot by 400-500%, but completely
denying trees water for two weeks
may be dangerous and less drastic
irrigation reductions may aso reduce
disease and dtresstrees less. In thar
researchthey irrigated dmond trees at
70, 85, and 100% of potential
evapotranspiration (Etc). There were
two typesof defidit irrigation: sustained
and regulated. Thesudtainedirrigation
was just reduced irrigation the whole
season while the regulated started the
year a normd irrigation but then
dragticdly reduced irrigations (50%
Etc) during the period preceeding and
during hull split. For Kern county
those dates included 50% Etc from 1-
15 duly (85% season Etc reduction) or
1 June- 31 July (70%
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season Etc reduction). The regulated
deficit irrigations were

much more effective at reducing hull
rot than the sustained deficit
irrigations.

Soils can vary greetly throughout
the gate, and irrigation management
may be dfficut in some orchards.
The Univesty of Cdifornia is
currently testing severa approachesto
reduce water use under different
irigation drategies and soil types.
Expeaiments in Stanidaus  County
demongtrated that hul rot severity
increases with increasing amounts of
nitrogen.  Nitrogen should not be
goplied in excess of that needed for
tree hedth and productivity. The
nitrogencontent of theirrigationwater
should be included in calculations of
required added fertilizer. In another
UC trid we are experimenting with
midday stem water potentid readings
to monitor deficit irrigations in
amonds to reduce hdl rot without
severdy dressng our trees. We will
demongtrate this technique at our fidd
mesting on May 7. Seeyou therel!!!

OReprint freely with credit to:
Brent A. Holtz, Ph.D., Pomology
Farm Advisor, University of
California Cooper ative Extension,
Madera, CA.
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Hull Rot Trial/Madera County--the following irrigation schedule resulted in a 50% reduction in Hull Rot in aMadera

County Trid in 1997.

Dates Deficit Irrigation (Cut-Off) Normdl Irrigation % Hull Split
June 9-12 100% (24 hr) 100%

June 16-19 50% (12 hr) 100% 1%-June20/21
June 23-26 50% 100%

June 30-July 3 0 (noirrigation) 100% 5-40%

Jduly 7-10 50% 100% >40%

July 21-24 0 (dry down) 0

July 28-31 Harvest

Post Harvest 100% 100%

Diagnosing Nutritional
Problems Using Leaf
Analysis
by Brent A. Holtz, Ph.D., UCCE
Madera

Leaf andysis of tree fruits can be
used to identify nutritional problems,
to detect low levds of nutrientsbefore
harmful deficiencies occur, and to
measure tree responses to applied
fertilizers. Such analyses ae
extremdy hdpful inidentifying multiple
deficienciesand excesslevels. Tissue
andyses are not a subditute for
careful observation of non-nutritiona
factors such as diseases, pests, soil
depthand moisture, crop control, and
generdly good horticultura practices.

Leaf andyds is more useful than
soil andyss in diagnosng minerd
deficiencies and toxicities. Thetissue
gengdly sampled and chemicdly
andyzed is the leaf. The minerd
compositionof aleaf isdetermined by
many factors, such as its stage of
development, dimatic conditions,
avalability of minerd dements in the
s0il, root distributionand activity, crop
load, and imigation.  The tree

integrates dl these factors and the
composition of the leaf reflects this
integration. Desirable concentrations

of dements, critical levels below
which deficiencies occur, and the
levds above which toxicities can
develop have been established for
most dements. Anaytica results of a
sample in question can be compared
with those vdues to determine a
deficiency, adequacy, or toxicity, and
help one decide if measuresshould be
taken to correct a Situation.

Seasonal use and level of mineral
elements.

In interpreting lesf andysis, a
knowledge of the seasonal-usepattern
of minerd nutrientsishelpful. At bud
break in the soring, when root activity
is dill minimd, many eements stored
in stem and root tissues become
avalable to the rapidly developing
buds. Much of the nitrogen (N),
phosphorus (P), znc (Zn), ad
perhgps potassum (K) initidly
required come fromstored supply and
are redidgributed to the growing
points. Mot of the P and Zn in the
leaves have accumulated there by the
time leaves reach ful sze. On the
other hand, cacium (Ca), which is
essentid in cdl wall formetion, is not
redistributed but comes directly form
the soil by root absorption. Thus, Ca

accumulates in the leaves as the
season progresses and reaches its
highest level at summer's end, about a
month before lesf fadl. The levels of
megnesum (Mg), manganese (Mn),
boron(B), copper (Cu), chloride (Cl),
and sodium (Na) tend to reman
condant or only increase dightly.
However, if B, Cl, and Naare present
in toxic amounts in the soil, they will
increase greetly during the seasonand
reach thar highest levelsin the leaves
at the end of the summer.

The concentration of minerd
nutrients in leaves will change as the
leaves emerge, grow to ful sze, and
then senesce in autumn.  For many
elements, the least change in
concentration occurs from late June
through July. Leaf samples should be
taken during that period because the
critical levds edtablished through
experimentation and observations are
based on samples taken at this time
(table 1). However, if one wants to
compare agood tree with a poor one,
leaf sampling can be done any time
leaves are present, provided one is
aware of concentration patterns (fig.
1).
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Table 1.

May 2001

Critical Kwirenl Levels (Dey Weight Basies) for Fruit amnd Wui Trees Sam pled in July

Almonids Apples Pistachios Peinch cuMect Prunss
Wilngel (W %
ieficient hokive 24 19 21 2 3 232
adeqquale dleadd 232-2.4 I3.10 2d-33 1%
Paiazmnm (K] %
rafiziand below 1.4 1.4 L] 1. 1.0
eyl v 1.4 1.2 A-2.0 1 1.3
Calcium {Ca) %
adequane over i 1 1 [Ki} Bl
Magnedivim [Mp) ¥ )
ardaguats aer 0z3 xS 1 0z 0z
Soedium (M) %
SR (VS .25 7 02
Chdaride (C1]%%
i 03 R ] q.3 1.1
1% 20 L I8 24
0L 29-00 120. 150 080 (R
i 101 0K 10K
¥inc [£nj pom
mdoqunic 0sel 1 L} L6-15 18
Copper (Cu) pom
adequale over 4 i H- | g
Flanganese | o) ppm
adequais over bl 24 H)-Bad m H
Fhsphicrua (F) ' A -
acdexjmile hetweer 143 1 1-0% 0107 _ @103 Q.1-0.3
#Bocon sample hulls Al harvest (30-80 ppe in s b deficient; B30 ppm is suTicicot, #2H) pom is exocsve]

Fiepre
lgure 1.

%,

Sampling procedure.

Critical nutrient standards for tree
fruits are based on spur leaves rather
than on shoot leaves, so the usual legf
sampling method is to sample spur
leaves. Leaves are taken from spurs
reachable from the ground and picked
at random around the tree at different
heights. Leaves higher up in trees may
be more likdy to be deficient in some
nutrients. One to two leaves can be
taken from each of about 50 spurs for
a total of about 75 leaves. Normaly,

leaves are collected in paper bags and
stored in portable ice chests. Plastic
bags are often used, especialy for
samples that must be kept fresh for
several days until taken to a laboratory
for anaysis. Leaves in plastic bags
must be kept cool and protected from
direct sunlight.

Idedlly, every 10 acres of an
orchard, every soil type, and every
variety should be sampled separately.
Growers, however, prefer to sample
problem blocks and take a few samples
per year from good blocks. Answers
to problem areas are often found by
comparing samples from the problem
areas with samples from good areas in
the same orchard. The sampling unit
should represent trees of the same age,
variety, and rootstock, growing on
smilar soils of the same fertility level.
Each sample should be collected so
that leaves come from representative
trees over the entire sample area.

Where samples taken annually are to
be compared, the pattern of sampling
should be the same; better yet, samples
should be taken from the same marked
trees. All off-type trees, odd varieties,
replants, and atypical trees should be
avoided.

Spray residues of micronutrients
cannot be washed off leaves
satisfactorily, so it is worthless to
analyze micro nutrient-sprayed leaves.
Where N and K sprays are used, the
amount of macro element spray
residue is small compared to total
content of N and K in the leaf, and
therefore analyses can be safely made
aweek after application. If you want
to spray micronutrients and also have
leaf andysis done, you can bag some
branches while spraying, then remove
the bags and flag those branches, and
then sample from these same branches
inJuly.
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Almond Field Day

Monday, May 7, 2001
8:30-11:00 AM
L ocation: Sherman Thomas Ranch, 25810 Avenue 11, Madera CA 93637

8:30AM Introduction: Brent A. Holtz, UCCE Madera County

Ant Control
835 AM Ant identification in the Fiddd and Control Measures
Walter Odus Bentley, IPM Advisor-Kearney Ag Center

9:10 AM Ant Trialsin Fresno County
Mark Freeman, Pomology Farm Advisor

Hull Rot Control
9:30AM Effects of Deficit Irrigation on Hull Rot
Dr. Beth Teviotdale, Extension Plant Pathologist, UC DavisKAC

10:00 AM Using a Pressure Bomb to Monitor Irrigations
Dr. Bruce Lampinen, Almond and Walnut Pomology Extenson Specidist, UCD

10:30 AM Grower Perspective-Using the Bomb
Mike Braga, Sherman Thomas Ranch

10:40 AM Hull Rot Pruning Trial
Dr. Brent Holtz UCCE Farm Advisor

11:00 AM Adjourn

2.5 hoursof PCA credit applied for

Madre
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The University of California, in accordance with applicable Federal and State law and University policy, does not discriminate on the basis of race, color,
national origin, religion, sex, disability, age, medical condition (cancer-related), ancestry, marital status, citizenship, sexual orientation, or status as a
Vietnam-era veteran or special disabled veteran.

Inquiries regarding the University’s nondiscrimination policies may be directed to the Affirmative Action Director, University of California, Division of
Agriculture & Natural Resources, 1111 Franklin Street, 6" Floor, Oakland, CA 94607-5200 (telephone: 510-987-0096).
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UPCOMING EVENTS

May 10-11, 2001  Assessment of Agricultural Soils and Land Capabilities: The Basics.
May 14-15, 2001  Assessmentof Agricultural Soils II: Soils of Trees, Vines and other Perennials
Location: Cabernet Room, Silo Union, Hutchison Drive, UCDauvis.

Fee $385. Register by phone toll free -800-752-0881 or online at
www.universityextension.ucdavis.edu.

Sincerely,

Brent A. Holtz, Ph.D.
Pomology Farm Advisor




