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ABsTRACT. Scanning electron microscopy was used to examine almond [Prunus dulcis (Mill.) D.A. Webb (syn. Prunus
amygdalus Batsch, Amygdalus communis L .)] flower bud development for three cultivars (Nonpareil, Carmel, and Butte)
from four Californialocations (which span therange of almond production in California) for 2 years, and for ‘Nonpareil’
in asinglelocation for athird year. The objectives were to document timing of floral developmental events and to better
under stand theextent of variation that existswithin and amongcultivars, locations, and year s. Resultsindicated that thetime
of floral initiation relativeto hull split varied among cultivars. Median timefor floral initiation in *Nonpar ell’ wasmor ethan
3weeksafter theonset of hull split. For ‘Butte’ and ‘Carmel’, median timeof floral initiation preceded theonset of hull split.
Extensivevariation in thetiming of bud development eventswithin acultivar wasapparent. Timing of developmental events
varied among locations, but no patter nsemer ged consistent with thenorth to south rangewhich spanned 4°15' latitudeand
520 km. Among years, development occurred earliest in 1997, arelatively warm year, and was delayed in 1998 and 1999,
relatively cool year s. Resultsindicatean ear lier onset of floral initiation than reportedin theclassical liter atur eon thesubject.

Almond [Prunus dulcis (syn. Prunus amygdalus, Amygdalus
communis)] production in the United States occursonly in Califor-
nia, which produces 75% of theworld’ ssupply. Almondscomprise
more acreage than any other fruit- or nut-tree crop in the state. The
speciesis cultivated over anorth to south range of =600 km and a
latitude >4°.

Almond flower buds are borne lateraly in leaf axils on long
shoots and short spurs. The flower buds enclose a single, terminal
flower, and, typical of PrunusL. species, no leaves. Oneto severa
flower buds can form on asingle spur.

Tuftsand Morrow (1925) included‘ Nonpareil’ dmond growing
inDavis, Cdlif., intheir classic study of flower bud development in
rosaceous tree-crop species. They reported that amond flowers
wereinitiated at thebeginning of September, and sepal initiationdid
not occur until mid-September. They did not addressdifferentiation
eventsbeyond these stages. Brooks (1940) examined the process of
almond flower initiation and organogenesisin the context of deci-
phering morphologica relations between carpels and leaves. He
also looked at buds from ‘Nonpareil’ almond trees growing in
Davis. Thework emphasized morphological aspects and provides
little discussion of timing.

Morerecent investigationshavebeen conducted on other Prunus
speciesDiazetal. (1981) used scanning el ectron microscopy (SEM)
to study the timing of flower development in sour cherry (Prunus
cerasus L.) where the inflorescence meristem initiated flower
primordiaat the end of June, and the first signs of carpel initiation
were evident by mid-September. Guimond et a. (1998) studied
flower developmentin‘Bing' sweet cherry (PrunusaviumL.) with
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SEM. They compared pruned and nonpruned shoots, noting a
differencein thetiming of some developmental eventsinvolvedin
flowering. They also noted the possibility that differences exist
among cultivars and among locations.

Warriner et . (1985) studied thetiming of flower initiation and
the effects of environment and cultural practiceson peach [Prunus
persica (L.) Batsch (Peach Group)] flower initiation and develop-
ment in Perkins, Okla. Heobserved nodifferentiationinflower buds
by mid-July. The first evidence of initiation was in mid to late
August. This was followed by flower organogenesis with pistil
initiation occurring in mid-October. Bustamente-Garcia (1980)
investigated ‘Andross' peach from Winters, California where he
found the first indications of floral initiation occurring in mid-July
and pistil initiationinmid-September, 1 monthearlier than Warriner
et a. (1985). Raseira and Moore (1986) compared flower bud
initiation in peach between northern and southern hemispheres. In
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Fig. 1. Map of California showing the collection sites for the aimond buds used
in this research.
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both hemi spheres, flower initiation occurred about the beginning of
summer.

The present investigation involved two major objectives. The
first wasto document thetiming of floral initiation and organogen-
esisin amond. The work of Tufts and Morrow (1925) is clearly
obsolete, both in terms of methodology and in terms of the state of
our understanding of the earliest morphological events of flower
development. The study of Brooks (1940) focused primarily on
morphological homologies between leaves and carpels, and is
imprecise regarding the timing of events throughout the period of
flower development and differentiation. Thus, amond researchers
and orchard managers have no reliable information on the phenol-
ogy of flower development.

Thesecond objectivewastodocument theextent of variationthat
occurs in the timing of flower developmenta events within indi-
vidual trees, amongcultivars,andamongyears. Most previouswork
on tree-crop species acknowledges that such variation exists (see,
for example, theworkscited above), but little effort has been made
to examinetheextent of such variation. With regard tothetiming of
eventswithintreesof thesamecultivar, authorstypicaly report their
first observations of aparticular stage. Variation within specieshas
hardly been studied. Where cultivars within a species were exam-
ined under identica conditionsby L uzaand Polito (1988) and Polito
and Pinney (1997) for walnut (Juglansregia L.) and Wetzstein and
Sparks(1983) for pecan[Caryaillincinensis(Wangenh.) K. Koch],
marked differencesin timing of floral developmental events were
found.

Materialsand Methods

Starting mid-June in 1997, we collected shoots from the north
and south sidesof treesfromwell managed, commercid or research
almond orchardsin four locationswithin California(Fig. 1): Chico
(Butte County, lat. 39°45' 14' N, long. 121°48' 25' W, elevation, 60
m), Davis (Yolo County, lat. 38°33' 18' N, long. 121°44' 09' W,
elevation, 15 m), Modesto (Stanislaus County, lat. 37°39' 35' N,
long. 120°59' 38' W, elevation, 27 m), and Shafter (Kern County, lat.
35°30' 04' N, long. 119" 16' 22' W, elevation, 105 m). These sites
represent nearly theentirenorthto south rangeof amond production
in Cdifornia. Climatic conditions differ among these sites. Al-
thoughall arelocatedin California sCentral Valley (comprisingthe
Sacramento Valley to the north and the San Joaquin Valley to the
south), the Chico and Shafter locations—near the northern and
southern extremes of Californiaa mond production areass—areless
influenced by moderating marineair that entersthevalley at the San
Francisco Bay.

Shoots from three cultivars—Nonpareil, Carmel, and Butte—
were collected and examined. In 1997, ‘Nonparell’ and ‘ Carmel’
werecollectedweekly from Chico, Davis, andM odesto. ‘ Butte’ was
collected every fourth week at these Sites, since ‘Butte' is grown

Table 1. Developmental stages of almond flower buds.

more commonly inthe southern San Joaquin Valley. From Shafter,
‘Nonpareil’ and ‘Butte’ were collected weekly, and ‘ Carmel’ was
collected every fourth week for the same reason. Once sepd
primordia were observed under the dissecting microscope, those
cultivars that were collected every fourth week were collected
weekly. In 1998, al threecultivarswere collected every other week
from al four locations. In 1999, ‘Nonpareil’ was collected weekly
from Davis. For each collection, the north and south sidesof thetree
weresampled separately. For eachyear, collectionswereterminated
when more than 75% of the dissected buds had pistils initiated.
Shoots containing 1- and 2-year-old spurs were collected and
shipped by overnight delivery service to the laboratory in Davis,
Cdlif.

Buds were dissected by removing bud scales under a binocular
microscope until the terminal meristem was visible at the shoot
apex. Thedissected shoot tipswere excised from the shoot, fixedin
3%glutaraldehydein0.025m phosphatebuffer at pH 6.8, and stored
at 4°Cfor at least 3weeks. After fixation, they were dehydrated in
an ethanol series from 10% to 100% ethanol in 10% increments
followed by three changes of 100% ethanol. The ethanol was
replaced by amyl acetateinadilution series: onechangeeach of 50%
and 75% amy| acetatein ethanol, and three changes of 100% amyl
acetate. The shoot tips were critical-point dried using liquid CO,,
mounted on aluminum stubs with adhesive or silver paint, coated
with30nmgoldinasputtercoater (Bio-Rad Laboratories, Hercules,
Calif.) and observed using ascanning €l ectron microscope(1SI DS
130; Intl. Scientific Instruments, Inc., Santa Clara, Cdif.). Images
wererecorded digitally. For each collection, the number of buds at
each of eight defined stages (see Results) was recorded. For each
location, 20 budsfrom each sideof thetreeweredi ssected andfixed;
however, the number of buds observed varied due to inevitable
lossesin preparation. Budsthat were obvioudly necrotic or aborted
were not scored.

Accumulated degree-days were calculated using a10 to 27 °C
thresholdfromthefull bloomdatefor each cultivar, at eachlocation.
A Cdifornialrrigation Management Information Services(CIMIS)
networked weather station was the data source for each location
(University of California Statewide Integrated Pest Management,
2000).

Statistical analyses were done using SAS (SAS Indtitute Inc.,
Cary, N.C.) proceduresprobit and logistic, and descriptive statistics
were generated by SlideWrite Plus (Advanced Graphics Software,
Inc., Encinitas, Calif.).

Resultsand Discussion

Almond flower bud differentiation was considered in eight
stages (Table 1). Before flower initiation, the almond apica mer-
istemisinthevegetativestate, and producesbud scales(StageO, Fig.
2A). Flower initiation first becomesapparent at the shoot apex with

Stage Developmental stage Developmental activity

0 Vegetative (prereproductive) Bud scales.

1 Transition to reproductive state Increase in meristem size.

2 Flower initiation Apex forms elongate, broad dome. Bracts present.
3 Sepal initiation Sequential initiation of five sepal primordia.

4 Petal initiation Sequential initiation of five petal primordia.

5 Stamen initiation Sequential initiation of multiple stamen primordia.
6 Transitional/precarpel initiation Stamen initiation complete, concavity at apex.

7 Carpdl initiation Carpel visible at the center of the apex.
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an increase in meristem size (Stage 1, Fig. 2B). The apex then
becomes broadened and thickened to form an elongated, broad
dome that produces bract primordia on the periphery of the apex
(Stage2, Fig. 2C). Typicaly, threebractsformto subtendthesingle,
terminal flower that differentiates at thefloral apex. Floral organo-
genesisheginswiththeinitiation of fivesepals. Thesepal primordia
ariseinspiral phyllotaxisat theperiphery of theterminal apex (Stage
3, Fig. 3A and B). Peta primordia are also initiated in spira
phyllotaxy, and arise dternate to the sepal swithin the cayx (Stage
4, Fig. 3C). Within the coralla, multiple stamens are initiated
sequentially (Stage 5, Fig. 3D). Asthe cayx, corolla, and stamen
bases grow to form the hypanthium, the floral apex becomes
concave (Stage 6, Fig. 4A). Carpdl initiation (Stage 7) beginswith
emergence of asingle primordium at the periphery of the meristem
(Fig. 4B). The primordium expands along the apicd flank asthe
carpel margins develop. Subsequent development of the single
carpel consumes the meristem apex entirely (Fig. 4C).

Temporal progress of flower differentiation for Stage 1 (transi-
tion to the reproductive state) and Stage 6 (transition to carpel
initiation) isshownfor each of thecultivarsineachlocationin Table
2 (1997) and Table 3 (1998). Two measures of elapsed time are
tabulated: days from bloom and accumulated degree-days from
bloom. Figure 5 contrasts the patterns of degree-day accumulation
for 1997-99 with the mean for the preceding 10-year period. Only
datafor Davis, Cdlif., areshown, but theother sitesshowedthesame
general pattern: 1997 was a relatively warm season, particularly
early inthegrowing season, and 1998 and 1999 wererel atively cool.

Data in Tables 2 and 3 show no consistent patterns among
cultivars or locations. Differences between years do emerge, how-
ever. The relatively warmer 1997 correlates with earlier flower
devel opment than 1998.

Therewas extensive variation in the extent of bud devel opment
following floral initiation for a given cultivar in a given location.
Thisis shown in Fig. 6 for ‘Nonpareil’ in 1997, a representative
example. Thebar-and-whisker plotillustratestherate of attainment
of eechstagefromfloral initiation (Stage 1) tothetransitiontocarpel
initiation (Stage 6).

Progressof budsthrough Stages1 and6for dl cultivarsandlocations
for 1997 and 1998 were fitted to probit and logidtic regresson models
(SAS) usingdegree-daysat 10to27 °Cthresholds. Anadysesusingaspect
(north vs. south side of tree) asafactor showed dight to no differences
attributable to aspect so these datawere pooled. Although both moddls
had problems with nonconvergence that would have required larger
samplessizestocorrect, resultsindicatethat location and cultiver effects
aremoreimportant for Stage 6 devel opment than for Stage 1 develop-
ment (Table 4).

In an effort to determine if we could identify a correlation
between externally visible events and timing of flora differentia
tion, the relationship between hull split (Micke et d., 1997, 1998)
and the attainment of developmental Stages 1, transition to flower-
ingand Stage6, transitionto carpel initiation, wereexamined (Table
5). For ‘Nonpareil,” floral initiation occurred after hull split had
begun; and, inall but one case, wascomplete by thetime 90% of the
hulls had split. The median time for buds reaching Stage 1 of

Fig. 2. Scanning electron micrographs of almond bud apices showing stages of
development through floral initiation. (A) Stage 0. The apex terminatesin a
shoot apical meristem that producesvegetativeorgans, thebud scales. (B) Stage
1. This micrograph shows a shoot apical meristem in transition from the
vegetative to reproductive condition. Note the increase in shoot apex diameter
and elevation of the apex relative to the lateral organ primordia (C) Stage 2.
Transitiontothereproductivestateiscomplete. Thefloral apex and threebracts
are shown. Br = bract; BS = bud scale; FA =floral apex; SAM =, shoot apical
meristem. Scale bars =50 pm.
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development ranged from5dinModestofor 1977 to 36 din Shafter
for 1997 after 10% of the hulls had split. Median time to floral
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initiationfor al locationsin both yearswas 24 d after 10% hull split
and 7.5 d before 90% hull spilt.

Thesituation for ‘Carmel’ and ‘Butte’ differed. For these culti-
vars, flord initiation preceded theonset of hull split. Floral initiation
for ‘Carmel’ buds occurred amedian of 23 d before 10% hull split,
and for ‘Butte’ 13 d before 10% hull split. For these cultivars, the
budswerein various stages of floral organ development at thetime
of hull split.

The morphological progress of flower bud differentiation in
amondissimilar tothat of other Prunus speciesFlower initiationis
manifested by changes in the size and shape of the shoot apical
meristemwhichtakestheform of abroad, low domeasit undergoes
transition from a vegetative meristem to a reproductive meristem.
This morphologica stage is marked by a shift in organogenetic
activity from bud-scale production to the sequential initiation of
threebractsat the periphery of themeristem. In Prunusspecieswith

inflorescences containing severa flowers, such as sweet cherry
(Guimond et d., 1998) and sour cherry (Diaz et a., 1981), lateral
flower primordia emerge in the axils of the bracts. In the solitary-
flowered amond bud, the shoot apical meristem is converted to a
terminal floral meristemwith no developmental activity apparentin
the axils of the bracts.

The early observations based on longitudina sections by Tufts
and Morrow (1925) for other rosaceous species, and by Brooks
(1940) for almond, are generally similar to our observations using
scanning el ectron microscopy. Tuftsand Morrow (1925) described
meristems of other species as broadening early in the path to floral
organogenesis, however, they did not consider this stage in their
discussionof almond. Brooks(1940) provided adescription of these
early stages of amond flower development. In the closely related
peach. Warriner et al. (1985) described potentialy flord apices as
increasing in size at the onset of flower initiation. Similar observa:

Fig. 3. Scanning electron micrographs of almond bud apices showing initiation of floral organs through stamen initiation. (A) Stage 3. Bract and sepal initiation at
thefloral apex followsaspiral phyllotaxy. Thethreebract primordiaare numbered from the oldest to youngest (Br1-Br3). The sepal primordiaarelabeled similarly.
The site of initiation of the final sepa primordium isindicated (Se5) but the primordium had not yet formed when this bud was dissected. (B) Stage 3. The flora
apex, subtended by bracts, with initiation of thefive sepal primordiacomplete. (C) Stage 4. Petal primordiaform alternate to the sepal primordia. (D) Stage 5. The
stamen primordiaform acropetal to the petal primordia. Note the fused bases of the sepal, petal, and stamen primordia that form the hypanthium. Br = bract; FA =

floral apex; Pe = petal; Se = sepal; St = stamen. Scale bars = 50 um.

692

J. AMER. Soc. Horr. Sci. 126(6):689-696. 2001.



tionsweremadefor inflorescenceinitiationinsweet cherry (Guimond
et a., 1998) aswell asin other species more taxonomically remote
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from amond, such as strawberry (Fragaria xananassa Duch.)
(Taylor et al., 1997); Japanese pear (Pyrus serotina Rehd.) (Banno
et al., 1985), and pecan (Wetzstein and Sparks, 1983).

Thepatternof floral organogenesisfollowinginitiationistypical
of other Prunoidese. However, previouswork indicatesthat sepals
and other floral organsareinitiated simultaneously (Brooks, 1940).
Our observationsin almond show that thisis not the case; sepal and
peta primordiaare initiated sequentially in spira phyllotaxy (Fig.
3A). Taylor et al. (1997) show similar sequential initiation of sepals
in strawberry flowers.

Tuftsand Morrow (1925) reported the first indication of flower
initiation as occurring on 1 Sept. in ‘Nonparell’ flower buds in
Davis. Weobservedflowerinitiationon14July 1997,17 Aug. 1998,
and 16 Aug. 1999 for the same cultivar a the samelocation. They
reported having observed sepal initiation on 15 Sept. In our materi-
als, sepal initiation occurred on 1 Aug. 1997, 31 Aug. 1998, and 26
Aug. 1999. Superficidly, it appears that the timing of flower
development occurred much earlier in 1997 and somewhat earlier
in 1998 and 1999 ascompared with the results of Tuftsand Morrow
(1925). However, when comparing the photomicrographs of Tufts
and Morrow (1925) with our electron micrographs, it is apparent
that the discrepancy lies primarily in the description of bud apex
morphology and the interpretation of that morphology. The photo-
micrograph from asample collected on 1 Sept. 1923, which Tufts
and Morrow (1925) report asillustrating flower initiation, showsa
floral meristem with sepal primordiainitiated. The significance of
earlier stages, which are now well known to indicate the onset of
trangitionto reproductivedevel opment (see, for example, Bernier et
al., 1981), was not well understood at that time, and Tufts and
Morrow (1925) did not document their occurrence. Thus, itistheir
interpretation of the onset of floral organogenesis as representing
floral initiation that accounts for the differences in the times they
report for floral initiation and the results presented herein.

Similarly, Tuftsand Morrow (1925) includeaphotomicrograph
from a 15 Sept. 1923 collection to illustrate the stage that they
consider as sepd initiation. This example shows evident peta
primordiainadditiontowell devel oped sepals. Themedian datesfor
petd initiationinour material were8 Aug. 1997, 14 Sept. 1998, and
10 Sept. 1999. Thus, for the two cooler years, the timing of petal
initiationin our material issimilar tothat seen by Tuftsand Morrow
(1925). Tufts and Morrow (1925) did not follow the events of
amondflower development past theinitiation of primordia corolla
organs.

Brooks (1940) studied almond flower development through
carpd initiation. The situation he reports is similar to Tufts and
Morrow (1925) in the timing of flower development. Brooks
reported having observed flower initiation on 21 Aug. We saw this
stage in mid-July in 1997, and mid-August in 1998 and 1999.
Brooksreportsthat floral apiceshad devel oped further on27 and 31
Aug., but had not yet undergone sepal initiation. However, the
photomicrograph of Brooks (1940), representing this stage of
flower initiation, appearsto usto have sepa primordiapresent. He
followed the stages of flower development, but isnot specificinthe
timing of events after sepal initiation. He reported carpel initiation

Fig. 4. Scanning el ectron micrographs of amond bud apicesshowinginitiation of
thecarpel. (A) Stage 6. Stamen primordiaare present and thefloral apex hasnot
yet begun to differentiated acarpel primordium. (B) Stage 7. A terminal carpel
primordium emerges at the periphery of the floral apex. Sepals have been
removed in this sample. (C) Stage 7. As the terminal carpel primordium
differentiates, it consumestheentirefloral apex. Arrowheadsindicatethecarpel
margins which will fuse to enclose the carpellary locule as differentiation
progressesbeyondthisstage. Br = bract; C= carpel; FA =floral apex; Pe=petal;
Se = sepal; St = stamen. Scale bars =50 um.
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Table2. Mediantimefrom bloomto Stage 1 (transition to reproductive state) and Stage 6 (carpel initiation) of floral development and differentiation

for three almond cultivars from four Californialocationsin 1997.

Flower differentiation stage

Stage 1 Stage 6
Cultivar Location DAB? DDY n* DAB DD n
Nonpareil Chico 153 2173 106 202 3090 35
Davis 158 2140 101 207 3073 38
Modesto 156 1925 112 211 2983 57
Shafter 151 2094 92 218 3408 43
Carmel Chico 149 2109 26 187 2826 14
Davis 138 2102 21 178 2830 31
Modesto 145 1813 75 190 2609 15
Shafter 150 2092 26 182 2723 2
Butte Chico 168 2437 17 201 3074 22
Davis 165 2570 40 235 3898 63
Modesto 148 1890 21 206 2922 36
Shafter 169 2445 89 217 3379 36

“DAB = days after bloom.
YDD = degree-days.
*Total number of buds at stage.

Table3. Mediantimefrom bloomto Stage 1 (transition to reproductive state) and Stage 6 (carpel initiation) of floral devel opment and differentiation

for three almond cultivars from four Californialocationsin 1998.

Flower differentiation stage
Stage 1 Stage 6
Cultivar Location DAB* DDY n DAB DD n
Nonpareil Chico 183 2325 36 218 2914 12
Davis 180 2112 49 214 2699 23
Modesto 179 2126 51 279 2765 18
Shafter 170 2263 31 212 3044 14
Carmel Chico 177 2308 21 205 2801 15
Davis 170 1970 27 198 2467 22
Modesto 172 1966 47 206 2607 3
Shafter 164 2152 53 221 3174 21
Butte Chico 175 2298 32 210 2887 6
Davis 178 2189 50 220 2863 3
Modesto 189 2363 51 217 2744 15
Shafter 176 2451 42 204 3014 9

“DAB = days after bloom.
YDD = degree-days.
*Total number of buds at stage.

asoccurring 3to 5 weeks after flower initiation. Thisisclosetothe
amount of timeit took the flower budswe observed to undergo the
stages leading up to carpel initiation.

Most work documenting thetiming of floral bud developmentin
tree species is based on alimited number of samples and authors
generdly note the first occurrence of any given stage. The present
results show that this approach can present amid eading picture of
devel opmental phenology asvariationinthetiming of developmen-
tal eventsamong budswithin atreeisextensive. Thisisseeninthe
extent of variationthat occurswithinacultivar andlocation (Fig. 6).
Asthesedatashow, progressof al thebudsonatreethroughagiven
stage of development can be greater than the time required for
individual budsto movethrough devel opmental stages. Therefore,
at any giventime, thereisahighly variablepopul ation of budsonthe
tree.

Theextensivewithin-treevariation precluded astatistical analy-
sis of bud development among years or locations. We found
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differences among cultivars that can have implicationsin orchard
management. Almond reproductive biology is an important factor
in orchard management. Unlike the situation for many tree-fruit
species, amonds are not thinned in commercia production, and
maximizing fruit setisahigh priority. The speciesissalf-incompat-
ible and requires honeybees (Apis mellifera L.) for pollination.
Because it is the earliest of the tree-crop species to bloom in
California (anthesis typically occurs in late winter), honeybee
activity tends to be somewhat weak (Thorpe, 1996). Standard
practiceisto optimizethe potential for cross-pollination by planting
three cultivars. The most common orchard design scheme has
aternaterowsof ‘ Nonpareil’ with adjacent rowsof two compatible
cultivarswhosebloom phenology bracketsthat of ‘ Nonpareil.” This
design often complicates orchard management as the timing of
management practices differ for the different cultivars. Our results
show that therel ativetiming of bud devel opment can besufficiently
variableamong cultivarsto present another factor to be considered.

J. AMER. Soc. Horr. Sci. 126(6):689-696. 2001.



Asthedatain Table5 show, at thetimeof fruit maturation, different
cultivarsare at different stagesin the bud devel opment process. In
‘Nonpareil’ a greater degree of floral differentiation occurs
postharvest than for the other cultivars introducing the possibility
that postharvest stresses, such as water stress, may have a greater
effect on the following year’ s flowering in this cultivar.

Sedgley and Griffin (1989) emphasi zed theimportance of know-
ing thedetail sof thetiming of flower initiation and flower develop-
ment up to anthesis for tree-crop research and management. One
exampleof how thisinformation can be meaningful isin managing
reduced irrigation strategies. When available water for orchard
irrigation is limited, stress management during critical stages of
flower development is essential in order to avoid reduction or loss
of the next year's crop. Goldhamer and his colleagues (Almond
Board of Cdifornia, 1999) carried out deficit irrigation research on
‘Nonpareil’ amonds in the southern San Joaquin Valley. They
based their irrigation regimes on the timing of harvest. In the
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Fig. 5. Temperature patterns for the years of this study at Davis, Calif. Graph
showsdegree-day accumulationfor theperiod 1 Mar. through 15 Oct. for 1997—
99 and the 10-year mean for this period. The general trends shown here (1997
warmer than the mean, and 1998 and 1999 cooler than the mean) were similar
in each of the four locations.
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treatmentswhereirrigation wasreduced beforeharvest but not after
harvest, no significant decreasesin fruit set occurred the following
year. However, when irrigation was terminated after harvest, the
next year’ sflower quality and fruit set were adversely affected, and
yields decreased significantly. From data presented herein, we can
infer that this postharvest stress was applied while stages of floral
differentiation preceding and including carpel initiation were in
progress. It ispossiblethat stresses occurring during flower devel-
opment adversely affected flower quality to the extent that the next
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Fig. 6. Box-and-whisker plots showing progress of flower bud development for
‘Nonpareil’ ailmond in 1997 at Chico, Davis, Modesto, and Shafter, Calif. The
plots show the time for 5%, 25%, 50%, 75%, and 95% of budsto have attained
each of the stages of bud development. Notches indicate 95% confidence
intervals (95% C.1.) for the median.
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Table 4. Logistic and probit regression models for flower buds at or
beyond stages 1 (flower initiation) and 6 (carpel initiation) of flower
development of three amond cultivars in four California locations
for 1997 and 1998. Degree-days calculated using 10 and 27 °C
thresholds.

Model Dependent  Factor X2 P
Logistic Stagel Degree-days (DD) 2164.3 <0.0001
Location (L) 53.3 0.0001
DD x L 115 0.0094
Cultivar (C) 19.2 0.0001
DD xC 5.2 0.0735
Stage 6 DD 3727.8 <0.0001
L 597.2 0.0001
DD x L 34.7 0.0001
C 1133 0.0001
DD xC 27.9 0.0001
Probit Stage 1 DD 21585 <0.0001
L 63.2 0.0001
DD x L 151 0.0017
C 21.9 0.0001
DD xC 5.7 0.0569
Stage 6 DD 3707.7 <0.0001
L 590.1 0.0001
DD x L 325 0.0001
C 108.6 0.0001
DD xC 39.6 0.0001

season’ scrop yield was reduced. We are hopeful that, asone result
of the data presented herein, amond researchers can design and
interpret experiments such asthese with aclearer understanding of
the stages of bud development and differentiation that may be
affected by their experimental manipulations.
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Table 5. Time (d) from 10% or 90% hull split (HS) to median date for Stages 1 and 6 of bud development for three almond cultivars.”

Daysto Stage 1 Daysto Stage 6

Cultivar Location Year 10% HS 90% HS 10% HS 90% HS

Nonpareil Chico 1997 19 -16 75 40
Modesto 1997 5 -7 61 49
Shafter 1997 36 —26 106 44
Chico 1998 16 -2 59 40
Modesto 1998 35 15 76 56
Shafter 1998 29 -8 65 35
Median 24 -75 70 42

Carmel Chico 1997 -23 54 12 -19
Modesto 1997 =34 -32 13 5
Shafter 1997 -34 —61 -2 29
Chico 1998 -19 -30 9 -2
Modesto 1998 -23 -39 5 -11
Shafter 1998 5 -39 53 3
Median -23 -39 10.5 05

Butte Chico 1997 -19 =27 16 8
Modesto 1997 -32 —46 26 12
Shafter 1997 -7 =37 42 12
Chico 1998 -11 -30 31 12
Modesto 1998 -16 =35 26 7
Shafter 1998 8 =34 40 -1
Median -135 -345 26 10

ZStages as described in Table 1.

YHS = hull split.
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