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by M.E.A. McNEIL

“Aren’t you afraid?” The al-
mond grower was asking bee-
keeper Gene Brandi about the 

threat of increased plantings of self-
pollinating almond trees, which, ac-
cording to scuttlebutt, could be kept 
without bees. 

“No.” Brandi did not hesitate. His 
simple, unequivocal answer came 
from neither bravado nor wishful 
thinking. It is the same answer from 
others in beekeeping, almond breed-
ing and research interviewed for this 
story. Their reasons are multiple and 
diverse. 

Brandi was well aware of swirling 
contrary assumptions. An article titled 
“Is it Bye, Bye for the Bees?” says that 
the most widely planted self-pollinat-
ing variety, Independence, “self-polli-
nates its own blossoms and does not 
need any busy bees’ help to come up 
with a productive nut crop at harvest 
time.” It quotes a Ripon, California, al-
mond grower as saying of the variety, 
“They are self-fertilizing so you do not 
need bees. You can cut costs way back 

on bee colonies.” Even the name Inde-
pendence announces a divorce.

Brandi takes a wider view. For 50 
years, bees from Gene Brandi Apiar-
ies have been pollinating California 
almonds. In that time the acreage has 
gone “from one quarter of a million 
acres to 1.6 million acres. The growth 
is phenomenal,” he said. He has kept 
a close eye on the industry — from a 
seat on the California State Beekeep-
ers Association board for decades, as 
past president of the American Bee-
keeping Federation, and now as chair 
of its Foundation for the Preservation 
of Honey Bees, an organization that 
promotes education and research.

“I don’t think new self-fertiles are a 
major threat,” he said. Among several 
reasons, there are simply logistics. 
“Traditional varietals need at least 
two, sometimes three, other varieties 
to pollinate.” Although the self-fertile 
varietals Independence and Shasta 
are planted to more and more acres 
every year, he cites statistics: “There 
are 350,000 acres that are not bearing 

yet, they are too young; 85,000 acres of 
those nonbearing trees are self-fertile. 
It is a significant number of acres but a 
small percentage” — about a quarter. 
“About 15 percent are self-fertile now, 
a minority of acreage.”

He points out that almond trees 
can bear for 20 years or more. “Crop 
insurance requires two colonies aver-
age per acre for standard varietals in 
the industry. The 2.6 million colonies 
needed means nearly all colonies in 
the U.S. — 90 percent of the avail-
able bees. The last five to eight years 
every available colony has gone to 
the almonds with no surplus. Denise 
Qualls, a broker, told me there are no 
bees left over. At this time the self-pol-
linating varietal is not a negative. It is 
not impacting the demand.”

As for whether bees are even need-
ed on self-pollinating almonds, David 
Doll, a former University of California 
orchard nut farm advisor, said, “All 
almond varieties benefit from having 
pollinators present during bloom.” 
There is evidence that bee pollination 

Do the Blooms Need the Bees?
Self-pollinating Almonds and the New Yorizane

Because most almond varieties are non-self-compatible, 
they require pollinators to transfer pollen from one variety 
to another. Almond pollen has evolved to stick to insect 
visitors, so in the process of foraging for nectar and 
pollen, the honey bee transfers it and effects pollination. 
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of the self-fertile varieties increases 
production — although with fewer 
colonies.

Brandi said, “There are a lot of self-
fertile varieties in almond country, 
and some rent no bees but borrow 
from their neighbors. Bees will go to 
the place with the least competition, 
so they are getting bees.”

Beekeeper George Hansen, on the 
boards of the Bee Informed Partner-
ship and Project Apis m., as well as 
working with the Bee and Butterfly 

Habitat Fund, said, “Despite news 
photos of orchards plowed under 
for lack of water, California’s bearing 
almond acreage continues to rise.” 
Since plantings of both self-incom-
patible and self-fertile varieties are in-
creasing, it is reasonable to conclude 
that the addition of self-pollinating 
almond varieties won’t significantly 
lessen the need for bees any time 
soon, or perhaps any time at all.

Almond pollination, however bene-
ficial to the humans, takes a toll on the 

bees. Consider that almonds were first 
domesticated in the Levant during the 
early Bronze Age, evidenced from ar-
cheological sites such as Numeira in 
Jordan from before 2000 BCE. Honey 
bees of the region, for example Apis 
mellifera syriaca, would have evolved 
in sync with their bloom to pollinate 
them. Although people eventually 
spread the almond along the shores 
of the Mediterranean along South-
ern Europe and Northern Africa, it 
evolved in Western Asia and was dif-
fused from there. Only comparatively 
recently have our European honey 
bee subspecies and the almonds 
been paired in California, now the 
world’s largest producer of the nuts. 
  In 1879, A.T. Hatch arrived in Su-
isan, California, with a pocket full of 
almonds — varietals said to be from 
Jordan. It was Hatch’s Nonpareil that 
has become the most widely planted 
and highly valued variety. Although 
Franciscans had brought the almond 
from Spain to California in the 1700s, 
widespread planting began only in 
the next century. By 2000, California 
almonds covered more than half a 
million acres in the San Joaquin and 
Sacramento Valleys. California now 
produces some 80% of the world sup-
ply, the largest United States specialty 
crop export according to the Almond 
Board of California.

As plantings increased, the trees 
needed more pollinators. “It used to 
be that they didn’t ask us to come,” 
said Brandi. “Now they can’t do 
without us.” But those bees and trees 
are strange bedfellows in terms of 
chronobiology. Left to their own bio-
clocks, the European bees would still 
be hunkered down in February when 
the almonds are bursting into bloom. 
The bees need to be ginned up, stimu-
lated early — perhaps a rude awaken-
ing. “Our worry is to ensure that our 
bees come through in good shape,” 
said Brandi.

With fewer colonies required for 
self-pollinating almonds, he said, 
“from the beekeepers’ perspective, 
the bees do better — more forage, 
extra flowers to work, more pollen 
and sometimes more nectar as well. 
Beekeepers are mostly worried about 
their bees’ health.”

What does the term self-pollination 
mean? A review of the botany of the 
almond is in order. Within the genus 
Prunus, the almond is classified with 
the peach in the subgenus amygdalus. 
(The amygdala region of the brain is 
named for its almond-like shape from 
the Greek word for almond.) The al-

California produces 80 percent of the world’s almonds, requiring the largest migratory 
pollination event in the world.

Cross pollenization is required for most almond varieties, since they are not self-fer-
tile. An extremely early-blooming almond variety, UCD 3-40 on the right, would not 
be able to pollinate Nonpareil on the left, the industry standard. This illustrates the 
complexity for planting multiple varieties and an advantage to a uniform plot of a self-
pollinating variety.
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mond fruit, called a drupe, consists of 
an outer hull and hard shell with the 
seed inside. It is not a true nut, and 
is referred to by those in the almond 
world as the kernel. For the seed to 
be fertilized, the whole Prunus family 
has evolved to move its pollen via in-
sects. Other species, such as walnuts, 
have evolved to facilitate their pollen 
movement via wind.

Almonds are normally self-incom-
patible, which means that the same 
variety cannot pollinate itself. It 
works like this: Both the female and 
male components within a variety 
share the same genetic alleles (cop-
ies of the same gene), called S al-
leles, which prevent an embryo from 
developing. The cultivar cannot set 
fruit with its own pollen. That means 
that most varieties require pollina-
tion from a tree with different genetic 
characters in order to produce seeds. 
For that reason, almond orchards are 
planted with multiple almond variet-
ies in alternating rows to guarantee 
cross-pollination between them to 
successfully set a crop. 

Such a scenario creates complexi-
ties. The varieties must bloom at the 
same time for bees to transfer the pol-
len. Bees tend to forage down a row of 
trees, which would be literally fruit-
less in a row of the same self-incom-
patible variety. To achieve enough zig-
zagging between the rows, orchards 
with more than one variety in a block 
require a high density of rented bees 
to ensure adequate pollination. 

The pollination of California’s al-
monds is the largest annual man-
aged pollination event in the world, 
handled by brokers for beekeepers 
from throughout the country. Decades 
ago, growers facing the difficulties of 
cultivating multiple varieties, increas-
ing hive rental costs and the threat of 
Africanized bees spurred ongoing 
research into self-pollinating variet-
ies. Impetus to breeding projects was 
added in 2006 with the dramatic and 
puzzling crash of bees, called Colony 
Collapse Disorder. CCD has become 
the portmanteau term for the overall 
decline of honey bee colonies, which, 
since the end of World War II, has 
mirrored the transformation of agri-
culture from smaller multi-crop op-
erations to industrial-scale monocul-
tures. Nonetheless, beekeepers have 
managed an uneasy truce by splitting 
hives and breeding queens.

The advantages of self-pollinating 
almonds to growers go beyond the 
potential for reducing a need for bees. 
A block of mixed varieties can have 

varying bloom or harvest times as 
well as differing susceptibility to pests 
and pathogens. In addition, according 
to USDA almond breeder Craig Led-
better, “When you have two varieties 
in an orchard, as the crop matures 
you need to dry down the crop for 
earlier varieties so that you can shake 
it while still maintaining moisture for 
the later varieties so that the kernels 
can fill completely. That is sometimes 
easier said than done and can lead 
to reduced kernel quality.” Harvest, 
spray applications and irrigation can 
be conducted more efficiently with 
only one variety in a block. “So hav-
ing a single variety out there helps the 
growers considerably.” Fewer spray-
ings benefit the bees, too. 

The search has been ongoing to 
find new almond rootstock and scion 
varieties, suited to particular grow-
ing conditions, markets and grower 
needs. California produces about 30 
varieties of almonds, with more than 
98% of production represented by 
13 major varieties. But development 
of self-pollinating almonds has pro-
gressed in fits and starts. The non-
self-fertile Nonpareil, planted out of 
Hatch’s pocket nearly 150 years ago, 
is still the dominant variety, account-
ing for about 40 percent of annual 
production. It is the variety for self-
pollinated cultivars to match for fla-
vor, color, size and yield.

A self-pollinating variety called 
Le Grande, that Brandi remembers, 
would not shake off the tree — a deal-
breaker, since harvesting is done with 
machines with padded arms that vi-
brate the tree trunks. Another, Tuono, 
originally from Spain, is said to have 
been around for centuries, although its 
seed has a hairy texture. “You can feel 
that hairiness with your tongue,” said 
Ledbetter. It also has a very thick, hard 

shell, so only 32 percent of the nut is 
edible kernel, compared to Nonpareil, 
which is over 60 percent kernel. Still, 
Tuono bears DNA that is valuable for 
breeding self-fruitful varieties.

Of the self-pollinating almonds 
now bearing, some of the harvest is 
used for secondary markets such as 
almond butter, flour and milk. The 
most widely planted self-pollinating 
almond, Independence, was de-
scribed by an industry representative 
as bland, although he asked not to be 
quoted. Independence was bred from 
the peach, another member of the 
Prunus family, by Zaiger Genetics, a 
private lab. They did not include it for 
comparison in the Regional Almond 

Almond trees in Sicily, 1906, beside the ruins of a Roman temple. The almond evolved 
in Western Asia in prehistoric times and spread around the Mediterranean.
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This Persian miniature depicts an almond 
harvest of the 1590s. Archeological evi-
dence points to the area as the first to do-
mesticate the almond in prehistoric times.
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Variety Trials recently conducted by 
the University of California Coopera-
tive Extension (UCCE). However well 
it measures up, a more significant va-
rietal may have been found.

Phoebe Gordon, an affable UCCE 
Orchard Crops Farm Advisor, said the 
large comparative trials were the first 
in 20 years, although the university has 
been involved with evaluating new 
fruit and nut crop varieties for over a 
century. Public and private breeders 
were invited to submit varieties they 
had released recently or were inter-
ested in releasing — 29 new ones in 
all, from sources including UC Davis, 
USDA, Australian and Spanish breed-
ing programs. The Almond Board of 
California sponsored the evaluations, 

which are now published.1

Three large sites, over one hundred 
acres each, were planted down the 
Central Valley in the winter of 2014 
and matured to sixth leaf — orchard-
speak for the sixth season, when the 
trees were well into bearing and ripe 
for statistical analyses. The plots were 
overseen by UCCE: Gordon at an 
orchard near Chowchilla in Madera 
County, Roger Duncan at an orchard 
near Salida in Stanislaus County, and 
Luke Milliron at the plot at the CSU 
Chico Farm in Butte — South to North. 
All three sites were planted with rows 
of Nonpareil alternated with the 29 
new varieties. Different spacing and 
rootstocks were used, depending on 
what is typical of the area or grower 
preference. Twelve-tree stretches of 
each variety were planted and re-
peated four times — over 40 trees of 
each, randomly juxtaposed to others, 
except for Nonpareil on either side. 
  The trials recorded synchronicity of 
bloom for pollination. Timing was 
noted for each variety for the onset 
of bloom, full bloom and petal fall 
as well as the completion of what is 
called hullsplit, the point at which the 
outside almond hull, equivalent to the 
fruit, opens to expose the kernel in its 
shell, a time when the almond is vul-
nerable to pests.

“Nonpareil is the gold standard for 
over one hundred years,” said Dun-
can. It is a soft-shell, relatively dis-
ease-resistant variety with a uniform-
ly-shaped, light-colored kernel prized 
for its taste and sold for a premium 

price. Its characteristics provide stan-
dards for comparison of other vari-
eties — whether those developed as 
pollinizers for Nonpareil or to self-
pollinating types.

At a subsequent Almond Board 
event, the 2019 Crack-Out, more than 
60 almond varieties from around the 
world were evaluated. Plates of shelled 
and unshelled nuts were set out for 
stakeholders to examine and sample. 
Included were six self-fertile varietals 
from UC Davis and four from the 
USDA. The varieties were compared 
for multiple attributes, including the 
crack-out, or shelling percentage, a 
key measurement relating to kernel 
production efficiency; ease of harvest 
and cracking; resistance to kernel dam-
age; dates of bloom and harvest; yield; 
and especially aroma, shape, texture, 
taste and color. One, Y-116-16199, con-
sistently scored near the top in almost 
every category — in the end, making it 
one of the best rated varieties.

That almond is a self-pollinating 
variety developed by Ledbetter at the 
USDA Agricultural Research Service 
in Parlier, California — just south 
of Fresno. It was introduced with a 
number, as all unproven cultivars are, 
but after the 2019 harvest, it earned 
a name — Yorizane. The ARS San 
Joaquin Valley Agricultural Sciences 
Center wanted to honor the genera-
tions of the Yorizane family that origi-
nally maintained the acres of stone 
fruit orchards that became the Center 
in 1991. “We don’t name things unless 
they are worthy,” he said.

When Ledbetter was asked about 
his eureka moment when he discov-
ered Yorizane, he said, “It’s not like 
that.” It has been a long, painstaking 
process, bloom by bloom. He began 
Prunus breeding at the USDA in 1987, 
becoming a research geneticist two 
years later. “At that time there was a 
published threat of Africanized bees 
making their way northward from 
Brazil. That’s what got me involved 
in self-compatible almonds.”

Gene Brandi and his wife Christine in an almond orchard last spring with grandsons 
Elliot and Oliver. Gene Brandi Apiaries have been pollinating California almonds for 50 
years, and Brandi has long been active in support of bees and their keepers.

C
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Green, unripe almonds show a fleshy an-
alogue to the fruit of the peach, to which 
it is related.

The almond, Prunus amygdalus, is clas-
sified with the peach as an insect-polli-
nated species, unlike the wind-pollinated 
walnut. Here, the outside hull opens in 
anticipation of the shelled kernel to drop.
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Ledbetter said that the terms “self-
compatible and self-pollinating are 
used interchangeably. The gene is 
called self-compatibility. A tree is self-
compatible or it is not. That means it 
has the ability to fertilize and produce 
a kernel if it is self-compatible. If it is 
not self-compatible no amount of [its 
own] pollen placed on that stigmatic 
surface is going to produce a nut.”

 Ledbetter already had a known va-
riety to use for breeding. “Tuono is my 
source for a self-compatible almond. I 
used it for breeding with the almond 
germplasm I had available to me” — 
kernels he had selected for self-com-
patibility, ever since he had planted 
seedlings in 1996 and every year 
thereafter. Before each bloom, he’d 
surrounded the branches with insect-
proof nylon bags to exclude pollina-
tors. The kernels that were produced 
inside the bags were kept for further 
breeding. When marker selection, 
DNA identification, became available 
for the seedling stage, “it saved us the 
worry and water and planting up to 
the third or fourth year when they 
would provide some flowers.”

The molecular test determines if a 
plant has the gene, said Ledbetter, but 
if it is present, “it doesn’t necessarily 
mean it’s going to be particularly self-
fruitful. It only means that genetically 
it’s possible. But to be fully self-fruit-
ful and produce a crop, you have to 
have the appropriate floral anatomy 
— that is, the stigma and the anthers, 
the male and female parts of the flow-
er, in close proximity so that they can 
set fruit through wind pollination. 
Sometimes the stigmatic surface is far 
above the anthers in the flower, and 
if you don’t have bees flying around 
and touching those parts you won’t 
have affected pollination.”

Tuono was the ugly parent of choice 
that Ledbetter crossed, by hand in the 
traditional way, with self-compati-
ble almonds that his lab had reared. 
“We emasculated one plant and ap-
plied pollen to those emasculated 
flowers with the pollen that we de-
sired. It was a straight up cross like 
we do every year at bloom.” On the 
branches bagged to exclude insects, 
“we allowed the nuts to develop, put 
them in the fridge until September, 
put them in soil and let the winter 
rains bring them up. It was straight 
almond-breeding work.”

Early harvests were small, but by 
2008 Ledbetter and his team pre-
sented promising selections to the 
Almond Board that garnered praise, 
particularly for flavor. Among those, 

“One stuck around. We saw that it 
had very good kernel characteristics, 
it had a high yield, and because of 
that we wanted it in the regional va-
riety trials.” The results, he said, were 
that “it had consistent yields through 
the fifth harvest with Nonpareil, in 
some cases more, in some cases less, 
but yield was quite acceptable. It is 
self-compatible, and it has very high-
quality kernel characteristics — size, 
color, texture.”

Gordon is circumspect in her ap-
praisals of the UCCE results, writing, 
“It is important to understand the 
limitations of these regional variety 
trials,” explaining that the dozens of 
different varieties in the same field 
vary widely in size, shape, light inter-
ception, and yield resulting in differ-
ent irrigation and fertilization needs. 
Management cannot be matched to 
each variety. “We emphatically do not 
recommend basing variety selection 
on four years of yields. Some variet-
ies do not start bearing heavily until 
maturity, while others do not show 
fatal flaws until maturity. … These tri-
als are ongoing and will continue for 
a few more years.” Some selections 
were eliminated. “New regional trials 
will be established in the future to con-
tinue the search for high quality, high 
yielding varieties, with a special em-
phasis for those that are self-fertile.”

Yorizane was released in 2020 
through Foundation Plant Services at 
UC Davis for research and breeding. 

Six nurseries requested and received 
bud wood to make mother trees for 
commercial propagation. Duarte 
Nursery, in Stanislaus County, has 
trademarked it The Gold Nut. “They 
are allowed to do that,” said Ledbet-
ter. There is no royalty charged.

The question remains: Can the Yori-
zane be successfully farmed with no 
bee pollination? The answer is blow-
in’ in the wind. Ledbetter echoed 
Gordon when he said, “The acid test 
is to plant it in a 40-acre block without 
any other almonds or bees around.” 
Until now, the best guess comes from 
a study of the self-pollinating Inde-
pendence, which showed that fruit 
set was 60 percent higher in bee-pol-
linated than bee-isolated trees, which 
translated into a 20 percent increase in 
kernel yield (Saez et al. 2020).2 

A closer observation came from Se-
bastian Saa, the Associate Director for 
Agricultural Research, Almond Board 
of California. Saa earned a Ph.D. from 
UC Davis and returned from a profes-
sorship at the Universidad Catolica de 
Valparaiso, Chile, to his role with the 
Almond Board. He is not counting the 
bees out. “The evolution of pollen and 
the structure of the almond flower re-
quire bees more than wind,” he said. 
“Almonds and the whole Prunus fam-
ily have evolved to move their pollen 
via insects. As part of this evolution, 
almond pollen sticks to the insect’s 
body very well and the flowers are 
very attractive to insects, which facili-

These almond blossoms are genetically self-compatible. That means they can be pol-
linated with their own pollen, but they cannot achieve that without bees because of 
their structure. The distance between the anther and the stigma is too great for pollen 
to move without the help of an insect.
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M.E.A. McNeil is a jour-
nalist, Master Beekeep-
er and Northern Cali-
fornia organic farmer. 
She can be reached at:  
mea@meamcneil.com. 

tates visitation from insects, ideally 
with pollen attached to them. At the 
same time, almond pollen is not ideal 
for wind movement, where a lighter 
pollen with probably a better surface 
to volume ratio would be more ade-
quate, and a flower that may enhance 
the aerodynamic forces to capture 
pollen would also be better suited. 
Along those lines, walnut flowers are 
much better adapted to capture pollen 
via wind.”

So, for new self-compatible variet-
ies, will the sticky, heavier almond 
pollen continue to need bees to en-
hance fruit set, as has proven to be 
the case for commercial plantings? 
Elina Niño, UC Davis Extension Api-
culturist, has set about to find out the 
answers to a number of related ques-
tions, among them: What is the opti-
mal number of colonies for pollina-

tion of orchards with self-compatible 
varieties?

She has conducted trials in two dif-
ferent areas of Sacramento and San 
Joaquin Valleys to determine the dif-
ferences in nut set, quality, and yield 
of the self-pollinating Independence 
with and without honey bees. Both 
bagging and caging were used to pre-
vent visitation by honey bees, accord-
ing to her preliminary report. “There 
was a clear reduction in the numbers 
of fruits setting in bagged blooms. In 
agreement with Saez [cited above], 
there was a significantly higher yield 
for trees that were not caged allowing 
for pollinator visitation.” Niño will 
continue this research for two more 
seasons using technology to track 
forager flights, pollen gathering and 
other influences to determine optimal 
stocking requirements. 

Hansen said, “There are some stu-
pid things being said about self-fruit-
ing varieties. Growers are saying they 
don’t need bees, but it is established 
that Independence needs bees to en-
hance production. These varieties are 
not planted alone. Bees on adjacent 
orchards will forage, evenly spread 
over the landscape. Bees are very 
opportunistic; they’ll go where the 
goods are. The bees are being sucked 
off of someone else.”

He cited the growing almond-
growing acreage. “We wonder where 
we are going to get the extra colonies. 
[Self-pollinating varieties] still need 
bees, there is just less demand. The 
bee industry likes that, because the 
more bees per acre we put on a crop 
the least well the bees do. If fewer col-
onies are required, the bees do better.”

When Steve Sheppard, Professor of 
Apiculture at Washington State Uni-
versity was contacted for this story, 
he was reviewing research from 1904 
showing the benefits of limiting the 
saturation of number of colonies. 
He said that for seed pollination in 
his area, the timing is so critical and 
the window so short, many colonies 
are used per acre. “Those colonies go 
downhill. It stands to reason, fewer 
colonies, more food for each, less dis-
ease transmission, mite transfer. Life 
is easier for everybody.”

So, perhaps self-pollinating almond 
varieties will prove to be a win/win 
for both growers and beekeepers.
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Is it amond or almond? This map of California shows an isogloss or rough boundar-
ies of the two pronunciations of the word. Focusing on the Central Valley almond 
growing area, the pronunciation “amond,” shown with green dots, is a more common 
pronunciation north of Merced and “almond” south of Merced, shown with red dots. 
Outside of the central area, the reporters are not growers. The difference is thought 
to have come from the fact that the languages of many early immigrants had similar 
words for the nut without the L, such as the French amande, and others, like Span-
ish, had words more similar to the English word almond. Source: UCANR


