
ABSTRACT 

EVALUATION OF OIL SEED COVER CROPS AS A PRE-BLOOM 
ALTERNATE FOOD SOURCE FOR POLLINATOR HONEYBEES 

(APIS MELLIFERA) IN THE SAN JOAQUIN VALLEY 

Almonds (Prunus dulcis) are almost exclusively pollinated by honeybees 

(Apis mellifera) and each year in February, over 1.5 million hives are placed in 

California almond orchards.  Bee colonies suffer nutritional deficiencies as a result 

of being fed supplemental feedings of high fructose corn syrup (HFCS) in the time 

of dearth preceding almond bloom. This reduces colony strength.  Alternate food 

sources, rapini (Brassica rapa), borage (Borago officinalis), and cuphea (Cuphea 

spp.), that can bloom prior to pollination, were planted and evaluated to see if they 

increased colony health during almond bloom.   The experiment was a randomized 

complete block design with four treatments replicated four times, and treatments 

within each block were separated by a mile.  Evaluations included calculation of 

brood area, hive weight, and pollen analysis.  Corbicular pellets, were collected 

from honeybees (A.mellifera) using pollen traps placed in several sites in the San 

Joaquin valley of California. Data were analyzed by date using a two-way 

repeated measures with time and treatments as factors.  Results from year 1 of 

these studies were used to refine treatments during year 2 of the study.  The top 2 

oilseed crops that produced the greatest hive strength and health were used as the 

primary treatment in year 2.  Timing of planting, size of treatment plots, and 

number of hives were refined and the experiment was repeated as an independent  

irrigated trial, with the same measurements and frequency of measurements as in 

year 1.  Year 2; however, did not have replicates. 
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INTRODUCTION 

Problem and Its Significance 

There are currently over 780,000 acres of almonds (Prunus dulcis, 

Rosaceae) under cultivation in California, and are expected to continue increasing 

(USDA-CDFA 2012).  Almonds are almost exclusively pollinated by honeybees 

(Apis mellifera, Hymenoptera: Apidae) and each year in February, 1.5 million 

hives are placed in almond orchards statewide.  Many of these hives are 

transported from as far as North Dakota, Michigan, Minnesota, Florida, and Texas.  

As of 2004, such amount of hives represented 60% of the 2.5 million commercial 

hives in the United States (Sumner and Boriss 2006).  It is considered the largest 

organized pollination act in the United States (Carman 2011). 

There are several factors currently affecting the health of the honeybee 

industry such as varroa mites (Varroa destructor, Acari: Varroidae), the fungal 

affliction Nosema spp. (Dissociodihaplophasida: Nosematidae), American 

foulbrood (Paenibacillus larvae, Bacillales: Paenibacillaceae), colony collapse 

disorder (CCD), and nutritional deficiencies (Tentcheva et al. 2004, Mussen 2007, 

Genersch 2010).  Collectively, they threaten this essential pollination act, and 

consequently a cash crop worth 3.6 billion dollars in California (USDA-CDFA 

2012). There have been multiple reports in the industry and popular press 

regarding the shortage of pollinator bees.  This shortage has forced prices up to an 

all-time high of approximately $200 per colony (in comparison to $40-50 / colony 

as recently as 2003).   

Varroa destructor directly and indirectly affects the lifespan of honeybees. 

Directly they infest brood cells, attaching themselves to their host and feeding off 
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their hemolymph.  Indirectly, and with greater  consequence, they serve as vectors 

for diseases, such as Acute Bee Paralysis Virus (APBV) (Ratti et al. 2012). 

The small, unicellular microsporidian parasite N. apis, and more recently, 

N. cerana infest the digestive system of honeybees, causing dysentery and, if left 

unchecked, contribute to the early death of adult bees (Oldroyd 2007). 

Colony Collapse Disorder, a more recent affliction, can be simply described 

as when adult bees abandon the hive all together, leaving behind brood, queen, 

few workers and drones (vanEngelsdorp et al. 2009).  Beekeepers in the United 

States have reported yearly total losses of at least 30% of their colonies since 2006 

(Sumner and Boriss 2006).  This mystery is compounded by the disappearance of 

the bees, so necropsy is not possible.  The root cause of CCD has been the focus of 

much study (Mussen 2007), and its cause is still a mystery, although prevailing 

thought points to multiple stressors with a synergistic effect placed on the bee 

colonies including mites, diseases, pesticides and nutritional deficiencies.  One 

idea theorizes that the bees are under stress from being overworked as well as 

from the annual forced, cross country migration required for pollination (Erickson 

1990).  It can be added that there are fewer managed colonies today (2.9 million) 

than in 1947 (5.9 million) (Hayes et al. 2008), yet they are required to pollinate an 

ever increasing acreage of almonds (USDA 2012).  With the diminishing number 

of hives (Hayes et al. 2008), good nutrition is even more important today 

(Standifer 1980).  This cannot be achieved by supplemental feedings alone 

(Sheesley et al. 1968). 

Bee colonies suffer nutritional deficiencies as a result of supplemental 

feedings of high fructose corn syrup (HFCS) in the time of dearth preceding 

almond bloom (DeGrandi-Hoffman et al. 2009), and from the collection of pollen 

and nectar from a monoculture system (Oldroyd 2007).  This malnutrition is 
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further compounded by loss of habitat to agroecosystems, particularly 

monoculture systems, reducing colony strength (Naug 2009, vanEngelsdorp and 

Meixner 2010, Huang 2012) . 

Poor hive colony strength can also affect pollination, and an indication of 

the strength of the colony is if a larger number of workers are observed. They can 

be obtained if more frames with workers are added to the bee hive.  For example, a 

hive with eight frames of bees (number of bees entirely covering both sides of a 

frame) can collect three times as much pollen as a four frame colony (Sheesley 

and Poduska 1970).  Growers in California demand eight frame colonies, but often 

have to accept four frame colonies, (Traynor 1993) and four frame colonies in a 

ten frame box, with less defensible space, are often at risk of being robbed by 

stronger nearby hives especially if the beekeeper has placed full honey frames as a 

food source for the hive in lieu of HFCS.   

With the exception of bee feed supplements containing some pollen, the 

composition of  most bee feeds do not contain nutrients commonly encountered by 

bees while foraging (Sheesley et al. 1968).   Supplemental feeds might also affect 

the microbes in the digestive system of bees after being consumed. These 

“artificial” diets are not stored by bees to be converted to bee bread, thus, while 

supplements are necessary to keep bees rearing brood and for colony growth when 

plants are not in bloom, they probably do not enhance the microbial community 

needed for long-term colony health.  Natural forage, or bee “cover crops” could be 

included parallel to such supplemental feeds as a way to help increase colony 

health (Keller et al. 2005). 

Traditionally, cover crops have been used in California almond orchards for 

the principal purpose of suppressing invasive weeds, mitigating soil erosion, and 

in the case of legumes, to add nitrogen to the soil (Elmore 1989).  These plantings 
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could replace disking with mowing.  However, flowering of the cover crop is 

considered non important. 

Alternate food sources, such as rapini (Brassica rapa , Brassicaceae), 

borage (Borago officinalis, Boraginaceae), and cuphea (Cuphea spp, Lythraceae), 

that can bloom prior to pollination may increase colony health during almond 

bloom (Keller et al. 2005), thus increasing pollination rates, which is a direct 

benefit to growers and beekeepers.  In addition, growers may very well enjoy 

lower pollination fees through the reduced costs of lower supplemental feedings of 

HFCS and pollen substitutes or possibly from using fewer hives per acre if colony 

strength is increased.  In addition, the oils seeds of these cover crops may be 

harvested for additional economic return to the grower.  Lastly, adding a floral 

source to an otherwise monoculture agro-ecosystem could aid the plant-pollinator 

mutualism that honeybees rely on to prosper (Cusser and Goodell 2013). 

 



   

 

LITERATURE REVIEW 

It is the purpose of this section to examine various investigations that have 

been done on cuphea, borage, and rapini, in the hopes of determining the 

feasibility of planting a fall crop and see flowering in late January to mid-

February.  In addition research on brood evaluation and pollen analysis will be 

also examined. 

Oil Seed Crops as Alternate Forage 

The challenge with the proposed research involves the planting of 

traditional long day plants (cuphea and borage), which are known to flower year 

round in mild climates.  Several species of Cuphea have also been shown to have 

potential for agronomic domestication (Hirsinger 1985). Aside from Brassicaceae, 

which already blooms in January, one must search for candidates whose period of 

anthesis can be changed.  Wells and Ayers (Wells and Ayers 1999) note that one 

of the best ways to alter flowering dates would be through plant breeding; 

however, excellent bee forage is rarely a crop grown for commercial purposes, 

thus the germplasm banks do not have extensive holdings. 

Breakthroughs over the past decade in domesticating Cuphea have resulted 

from the development of select germplasm lines from a fertile interspecific hybrid 

arising from a cross between C. viscosissima and C. lanceolata (Knapp 1993). 

PSR23 is one such selected line from this hybridization that shows potential for 

field cultivation (Knapp and Crane 2000)  One such USDA study done in 

Minnesota used Cuphea PSR23, (C. viscosissima Jacq. × C. lanceolata f. 

silenoides W.T. Aiton) (Gesch et al. 2002).  They noticed a reduction in seed 
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shattering which was a positive development, as seed shattering lowers the 

marketable yield of oilseeds. 

Other studies have shown Cuphea growth response to temperature (Gesch 

et al. 2002).  Small-scale field production of the cultivar PSR23 in the northern 

Corn Belt of the US has shown that it can be successfully propagated in a cool 

temperate short-season climate (Forcella et al. 2000); however, to determine the 

optimum environment and management techniques for production of semi-

domesticated Cuphea germplasm, a better understanding is needed of the effects 

of temperature on growth and development processes (Gesch and Forcella 2007). 

Borage, a hardy plant that is popular with honeybees has historically been 

used as a medicinal plant and culinary herb (El Hafid 2002).  It originated in the 

Mediterranean region but is now cultivated worldwide, with 95% of the world’s 

crop grown in the United Kingdom, The Netherlands, Canada, New Zealand and 

Poland (Eskin 2008).  Its flowers are self-incompatible, thus pollinating insects are 

required to transfer pollen between the plants.  In recent years it’s been of 

increasing agricultural interest because its seeds contains high levels of gamma-

linolenic-acid (GLA) (El Hafid 2002).  One challenge in the commercial 

cultivation of borage is its tendency for seed shattering (Beaubaire and Simon 

1986). As mentioned before, borage has grown as far as northern Canada (El 

Hafid 2002), and it is this high latitude that actually increases the percentage of 

GLA, which increases its commercial value ; however since it originated in the 

Mediterranean, central California provides an ideal climate for its cultivation year 

round. 

Since honeybees are known to switch from one flowering plant to another, 

and benefits of first plant are not always visible (i.e. protein ) (Langenberger and 

Davis 2002), this important consideration must not be overlooked when planting a 
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cover crop whose bloom period overlaps that of an important crop like almonds.  

Bees, through their waggle dance can alert the colony to a more profitable forage 

(i.e. almond bloom) (Seeley et al. 2000).  Honeybees are also known to like a 

mixture of sugars (fructose, sucrose, and glucose). Sugar content of nectar in 

borage has a good mixture (Wykes 1953).  Ironically the Boraginaceae also has 

one of the smallest pollen diameters (~µ5) which can lower its volume of proteins 

and lipids compared to larger pollen grains (Buchmann and O'rourke 1991) 

In regards to B. rapa, otherwise known as rapini, it is a Cole crop 

traditionally planted in the coastal region of California near Monterey.  It flowers 

in the winter and early spring.  The Brassica family has a wide range of flowering 

times, from B. naps (rapeseed) to B. rapa (winter rapini), and such flowering traits 

are important and complex adaptive features for oilseed production conditioned by 

environmental factors (photoperiod and temperature), and internal genes and the 

interactions of genes (Cai et al. 2008).  Regarding its nectaries,  the oral nectar in 

most species of the Brassicaceae is dominated by hexose and readily collected by 

butterflies and short-tongued bees (Davis et al. 1998).  Brassicaceae has also 

shown to be a nutritional source of pollen (Girard et al. 2012). 

In honey bees, population growth is the best predictor of a colony's ability 

to survive overwinter and to reproduce by swarming (Michener 1964, Winston 

1980, Seeley and Visscher 1985, Winston 1987, Fewell and Winston 1992).  Thus, 

foraging decisions which increase pollen intake rates are predicted to positively 

affect fitness if they result in increased brood production. This can be 

compromised by a monoculture that sacrifices floral diversity (Girard et al. 2012).  
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A Review of Other Oilseed Plants 

The main challenge of finding appropriate honeybee forage to use before 

and during almond bloom in California, is finding ones that will bloom in January 

or early February at the latest.  The 2013-2014 non-irrigated trial used borage, 

cuphea PSR 23, and rapini.  The borage germinated but did not bloom in time.  

However, due to its particular positive anthesis characteristics popular with 

pollinators, it was planned to be used again, albeit with an earlier planting date.  

Cuphea failed to germinate at all, thus the decision was to eliminate.  Since a third 

treatment could be desired, we decided to examine five other cover crops: 

Meadowfoam (Limnanthes Alba Hartw. ex Benth. subsp, Alba cv. Mermaid, 

Limnanthaceae), Echium (Echium plantagineum, Boraginaceae), 

Daikon (Raphanus sativus, Brassicaceae), Calendula (Calendula officinalis L., 

Asteraceae.), and Camelina, or false flax [Camelina sativa (L.) Crantz, 

Brassicaceae].  An assessment of the advantages and disadvantages will allow us 

to narrow or eliminate some of these choices. 

Meadowfoam 

Meadowfoam is protandrous (its male parts mature before its female) and 

entomophilous (it requires insects for pollination). Flower number and phenology, 

stigma receptivity, and timely honey bee pollination are highly weather dependent 

and the variation in seed yield to number of open flowers and foraging honey bee 

(A. mellifera) density are related. This confirms the importance of pollination 

timing, foraging honey bee activity, and total number of flowers for achieving 

high seed and oil yields and emphasizes the need for careful management and 

monitoring of these variables (Norberg et al. 1993).  Its fickle weather 

requirements are further confounded by its tendency to bloom in the early spring 

(Thorp and Leong 1998). 
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Echium 

Echium, or Paterson’s curse, oil contains high levels of alpha linolenic 

acid (ALA), gamma linolenic acid (GLA), and stearidonic acid (SDA), making it 

valuable in cosmetic and skin care applications, with further potential as an 

alternative to dietary fish oils, and can lower triglycerides; however, it is a 

poisonous plant.  It contains pyrrolizidine alkaloids, which are produced by many 

plants as defense against certain herbivores and is poisonous. When eaten in large 

quantities, it causes reduced livestock weight and death, in severe cases.  

Paterson's curse can kill horses.  Since the alkaloids can also be found in the nectar 

of Paterson's curse, the honey made from it should be blended with other honeys 

to dilute the toxins (Lusby et al. 2005). 

Echium is in the same family as borage, a very good and reliable pollen and 

nectar source, but it is a noxious weed, with the reputation of being invasive.  

Besides, it is also spring sown (mid-April), making it, at least on a general level, 

unlikely to bloom in the time period needed  (Forcella et al. 2013). Such 

characteristics make this weed unsuitable for future trials. 

Daikon 

Cruciferous vegetables and their isothiocyanates have been found to be 

promising foods and agents for cancer prevention (Yamasaki et al. 2009). The 

effects of mustard oil (SMO) in a variety of the Japanese radish, Shibori Daikon, 

has been mentioned to induce the proliferation of tumors in rats (Yamasaki et al. 

2009).  Daikon is already grown in the central valley for its roots, and earlier 

plantings in the fall may allow for the above ground part of the plant to reach 

anthesis in January, and after bloom, the roots may still be harvested.  Daikon has 

a 50 day seed to maturity schedule, with longer days required for winter plantings 

in mild climates (Guides 2014).  

http://en.wikipedia.org/wiki/Alpha_linolenic_acid
http://en.wikipedia.org/wiki/Alpha_linolenic_acid
http://en.wikipedia.org/w/index.php?title=Gamma_linolenic_acid&action=edit&redlink=1
http://en.wikipedia.org/wiki/Stearidonic_acid
http://en.wikipedia.org/wiki/Honey
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Calendula 

Calendula can provide a domestic, renewable, non-food alternative to 

imported oil sources for bioenergy and industrial purposes. Maximum agronomic 

yield may compromise economic return, which needs to be considered when 

developing fertilizer recommendations for field production of this oil-seed crop 

(Johnson and Gesch 2013).  Calendula seeds contain high concentrations of 

calendic acid (C18:3) which can be used as Tung and linseed oil substitutes. 

Calendula is adapted to temperate climate but understanding the temperature 

conditions that govern germination of calendula is necessary to incorporate the 

crop into crop rotations.  Accordingly, calendula seed should be sown in the field 

only if forecasted soil conditions are expected to be below 30 °C during seed 

germination (Eberle et al. 2014).  One of the challenges of calendula revealed 

within the literature is its late sowing date (early-June).  This hardly bodes well for 

a winter trial in California. 

Camelina 

Camelina, or false flax, is an emerging oil seed crop in North America 

mostly for use as biodiesel fuel. The seeds contain up to 45% oil, which is rich in 

polyunsaturated omega-3 and omega-2 fatty acids, as well as containing fat-

soluble antioxidants such as the Vitamin E-active tocopherols.   While the oil 

fraction has been well characterized and its uses are growing, the seed meal has 

yet to be fully characterized for its potential use in animal feeds or in foods for 

humans. The phytochemical components of camelina potentially have strong 

benefits for use in functional food roles (Berhow et al. 2014). 

Camelina has gained considerable attention in North America as a potential 

oilseed feedstock for advanced biofuels and bioproducts. Progress has been made 

towards characterizing its production potential for the western U.S. and Canada. 
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Plant population density, time to 50% flowering, seed yield, and oil content were 

affected by sowing date, tending to decline with delayed sowing.   Studies indicate 

that the best time to sow spring camelina in west central Minnesota is from about 

mid-April to mid-May (Gesch 2014). 

Discussion 

The above mentioned plants have been worthy of much research, with 

much of it focused in Minnesota at USDA laboratories run by Dr. Frank Forcella, 

who also supplied us with cuphea for the 2013-2014 research.  One can see why 

they are being looked at for commercial production.  Furthermore, with exception 

of Brassicas (including Daikon), all of the above mentioned potential cover crops 

call for April sowing, or even June, with a traditional summer growing season as a 

given.  No evidence so far to support a winter anthesis.  California has a climate 

that is milder than Minnesota; however, there is limited photosynthetic active 

radiation (PAR) and soil temps below normal germination during winter which 

diminishes the accumulation of biomass and consequently anthesis (Kiniry et al. 

1989).   

Conclusion 

An earlier planting date coupled with scheduled irrigation may give us 

more control over the phenology, but this researcher recommends staying with our 

prior treatments, with the elimination of cuphea altogether in line with our original 

plant to reduce the number of treatments from three down to two.  But if a third is 

desired, then the addition of Daikon would be welcomed.  
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Brood Evaluation 

Traditionally honey bees’ brood pattern (eggs, larvae, and pupae) has been 

counted by use of frame estimation to the nearest one tenth of a frame for each 

side of each comb.  These estimates are then transformed from units of frames to 

square centimeters by multiplying the estimated number of frames sides by 768 

cm, which is the area of one frame side (Page Jr and Fondrk 1995).  Advances in 

digital photo-editing software (ex. Photoshop, Amscope) have led to  more 

convenient and effective methods for counting brood (Burgett and Burikam 1985, 

Emsen 2006, Knoop et al. 2006, Jeker et al. 2012, Delaplane et al. 2013). 

“Brood pattern” refers to the degree of worker brood cell solidity or 

contiguity, which also offers visible observation of disease or parasites (i.e. V. 

destructor), and although digital pictures also capture quantities of honey and 

pollen, these are considered secondary and more indicative of a hive’s past or 

perhaps predictor of its future condition (Delaplane et al. 2013).  Though we will 

not be focused on pollen in the comb, we can still explore ideas on pollen 

gathering and analysis. 

Pollen Evaluation 

Pollen is the essential food for the growth and development of honeybees 

(Forcone et al. 2011). Honey bees tend to store pollen in contiguous areas 

surrounding the brood located in the center of the nest, and this pollen represents 

the main source of amino acids, lipids, sterols, vitamins, and minerals in the honey 

bee diet (Winston 1987).  Pollen stored in the wax comb within the hive colony is 

called bee bread (Loper et al. 1980).  The total pollen area can be counted along 

with brood and honey stores to assess overall colony health; however, our focus 

will be on the identification of pollen brought into the hive.   
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Melissopalynology (the identification of bee collected pollen) has proven to 

be an indispensable tool in many fields related to pollination (Richardson et al. 

2015), particularly honeybee nutritional biology (Severson and Parry 1981, 

Forcone et al. 2011, Girard et al. 2012).  Important laboratory protocols have been 

developed over the years to address some of the challenges of dealing with pollen 

(Erdtman 1943, Louveaux et al. 1978). 

Almond Pollen Identification and Morphology 

Almond pollen is easily identifiable.  Its color as bee pollen is a dull grey-

green (glycerol dyes make pollen samples appear pink).  Its grain shape is 

tricolpate radiosymmetrical with three furrows (Figure 1) (Erdtman 1943). 

 

Figure 1 A pollen grain (magnified x 1000) of almond (Prunus dulcis) 

Statistical analysis of pollen related samples (royal jelly, bee bread, 

corbicular pellets) also can be done by regression models (Dimou et al. 2006, 

Dimou and Thrasyvoulou 2007). 
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The collection of  pollen follows a diurnal pattern with different foragers 

bringing in pollens of differing floral origin (Baum et al. 2011).  This floral choice 

by honey bees is influenced by a range of factors (Winston 1987, Kolmes et al. 

1989, Seeley 1989).  In addition to pollen, individual nectar choice decisions fit 

well with economic models based on energetic reward (Schmid-Hempel et al. 

1985).  In contrast, there is still debate over how well pollen choice criteria match 

nutritional value (Jay 1986, Winston 1987).  There is some evidence that bees are 

also capable of assessing some measure of protein content.(Fewell and Winston 

1992). Furthermore, the size of pollen grains by volume can lead to vast 

differences in nutritional content (proteins, lipids) (Buchmann and O'rourke 1991).  

Knowledge of pollen loads composition and their protein loads are valuable tools 

for apicultural development (Forcone et al. 2011).   

In addition, distance plays a factor in a colony’s decision on where to 

forage.  Honeybees rely on a foraging recruitment movement called a “waggle” 

dance to determine optimum forage and often travel several kilometers from the 

hive to find a rewarding source (Visscher and Seeley 1982).  This decision making 

also affects brood care of developing larvae.  When pollen is scarce nurse bees 

will transfer resources to brood that are further along in development (Schmickl 

and Crailsheim 2002). Beekeepers utilize nutritional supplements (pollen cakes) in 

times of dearth in order to stimulate brood rearing and to maintain colony health, 

but often new nutritional challenges arise. 

There is evidence that nutritional deficiency from supplemental bee feeds 

provided during the winter months stress bee colonies (DeGrandi-Hoffman et al. 

2008).  Alternate food sources, such as rapini, borage, and cuphea, that can bloom 

prior to almond pollination may increase colony health during almond bloom 

(Keller et al. 2005), thus increasing pollination rates, which is a direct benefit to 
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growers and beekeepers.  In addition growers may very well enjoy lower 

pollination fees through the reduced costs of lower supplemental feedings of 

HFCS and pollen substitutes. In addition, we will identify if alternate forages 

increase colony size and health, which of the oil seed cover crops maximize these 

increases, and when those benefits occur.  My objective then is to determine the 

effect of strategically planted oilseed cover crops that bloom prior to the almond 

pollination, on bee colony size and colony health.   



   

EVALUATION OF OIL SEED COVER CROPS AS A PRE-BLOOM 
ALTERNATE FOOD SOURCE FOR POLLINATOR HONEYBEES 

(APIS MELLIFERA) IN THE SAN JOAQUIN VALLEY  

Introduction 

There are currently over 780,000 acres of almonds under cultivation in 

California which is up from 640,000 ac in 2007 (USDA-CDFA 2012).  Almonds 

are almost exclusively pollinated by honeybees (Apis mellifera) and each year in 

February, 1.5 million hives are placed in CA almond orchards.  Many of these 

hives are transported thousands of miles, from as far as North Dakota, Michigan, 

Minnesota, Florida, and Texas, after being used for pollination of other crops the 

previous season.  As of 2004, this represented 60% of the 2.5 million commercial 

hives in the United States (Sumner and Boriss 2006).  It is the largest organized 

pollination act in the United States (Carman 2011), but in recent years there have 

been stories of shortages. These stories regarding the shortage of pollinator bees 

have been numerous and proven to be quite real, consequently driving hive rental 

prices to levels never seen before ($200 per colony in 2014 vs. $40-50/colony in 

2003). What’s causing these shortages? 

As mentioned above, there are several factors currently affecting the health 

of the honeybee industry, including varroa mites, Nosema spp., as well as 

nutritional deficiencies (Tentcheva et al. 2004, Mussen 2007, Genersch 2010).  

Collectively these threaten this essential pollination act, and consequently a cash 

crop worth 3.6 billion dollars in California (USDA-CDFA 2012).  By infesting 

brood cells and serving as vectors for disease, such as Acute Bee Paralysis Virus 

(APBV) V. destructor directly and indirectly affect the lifespan of honeybees. 

.(Ratti et al. 2012).  As if this wasn’t bad enough, the guts of honeybees, are under 

assault from the protozoan N. apis, and more recently, N. cerana, which causes 

dysentery and contributes to the early death of adult bees (Oldroyd 2007). 
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Lastly, the supplemental feedings of vitamin deficient “pollen” cakes, and 

high fructose corn syrup (HFCS) in the time of dearth preceding almond bloom, 

adds to the malnutrition of the bee populations.  Ironically this malnutrition can be 

exacerbated by the actual collection of pollen and nectar from a monoculture 

system (Oldroyd 2007).  Ultimately, the malnutrition is further compounded by 

loss of habitat to agro-ecosystems, particularly monoculture systems (Naug 2009, 

vanEngelsdorp and Meixner 2010, Huang 2012).  One might call this a vicious 

circle. 

Since bee pollen is the protein basis for a bee’s diet, with nectar serving as 

the primary source of carbohydrates, a lack of natural forage can reduce colony 

size and strength, which ultimately affects pollination rates in fields like almonds.  

For example, it has been shown that a hive with eight frames of bees can collect 

three times as much pollen as a four frame colony (Sheesley and Poduska 1970).  

Naturally, growers in California demand 8-frame colonies, but as a result of some 

of the above named factors, they often have to accept 4-6 frame colonies (Traynor 

1993).  With the diminishing number of hives (Hayes et al. 2008), good nutrition 

is even more important (Standifer 1980).  This cannot be achieved with the use of 

supplemental feedings alone (Sheesley et al. 1968). 

Bee feeds normally do not contain nutritional components that bees 

commonly encounter while foraging (Sheesley et al. 1968), which can affect the 

microbes in the digestive systems of bees when they consume them. The reason 

lies in the fact that supplemental diet foods are not stored in cells and converted to 

actual bee bread, which poses a challenge since these proteins are necessary to 

keep bees rearing brood and for colony growth when plants are not in bloom.  

Thus long-term colony health is negatively affected by the diminished microbial 
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community.  Natural forage could be added as a treatment to increase colony 

health (Keller et al. 2005). 

Materials and Methods 

Experimental Design and Statistical Analyses 

The experiment was set up as a single factor randomized complete block 

design (RCBD) with four replicates (Table 1).  The fixed factor was cover crop 

type: a) no cover crop, b) rapini planted at 5 lb/acre, c) borage planted at 10 

lb/acre, and d) cuphea at 8 lb/acre.  The random factor was the orchard blocks 

which were chosen to make them as uniform as possible.  Each replicate was 

represented by eight sampling units—two hives per four treatments.  Dependent 

variables were net bee hive weight, brood area, and gross pollen intake—all 

continuous variables—and the treatments represented as nominal variables.  Hive 

weight was determined by a measurement of gross weight of the hive box, feeder, 

and frames minus the weight of an empty hive box, empty wooden frames, and 

empty feeder thus leaving only a weight for bee created wax, pollen, honey and 

brood.  Brood area was determined by measuring the area in each sampled hive. 

Table 1 Bee Forage Experiment Experimental Layout 

Treatments Block1 Block 2 Block 3 Block4 

Borage Rapini Borage No cover crop Rapini 

Control No cover crop No cover crop Cuphea Borage 

Cuphea Cuphea Cuphea Rapini No cover crop 

Rapini Borage Rapini Borage Cuphea 
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Statistical analyses on the brood area and net hive weight were performed 

using SPSS v. 22.0 (IBM Corp.), and pollen intake analyzed using Excel v. 2013 

(Microsoft Corp.).  Data for the brood area and hive weight were evaluated for 

their conformity to the assumptions of a general linear model (GLM) two-way 

repeated measures analysis of variance (ANOVA) using α=0.05 with time as a 

within factor and treatment (cover crop type) as a between factor. 

Study Sites and Cover Crops 

Since bees can forage up to 2.5 miles far from the hive (Gary et al. 1977), 

treatment plots ideally needed to be spaced >2.5 miles from other treatment plots; 

however, even the largest orchards (>2000 acres) in our study could not meet this 

minimum.  The Olam Corporation supplied three of the four large orchards 

(blocks) that allowed for treatments to be a minimum of 1 mile apart (see 

Appendix A). The fourth orchard was located at Fresno State in Fresno, California 

(Table 2).  

Each treatment plot consisted of an area within an almond orchard 

measuring approximately 20 rows wide by 17 trees deep (~1 acre/.40 hectare).  

Within each treatment plot the alternate forage crop was broadcast seeded in the 

rows between the trees, then dragged with a chain link rake to cover seed. Cover 

crop treatments were planted in November, 2013.  Slow germination required 

supplemental irrigation in Blocks 1, 2, and 4.  Drip line micro-sprinklers were 

pulled into the rows in late December 2013 to aid in germination.  No water was 

available in Block 3 (Fresno State) due to cut-off of canal water deliveries at end 

of October. 
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Table 2 Bee Forage Block Locations 2013-2014 

Locations Borage (T1) No cover crop 

(T2) 

Cuphea (T3) Rapini (T4) 

Block 1 

Legrand CA 

(N 37° 11.979 W 

120° 11.898 ) 

Elevation 271ft) 

(N 37° 11.807 W 

120° 09.761 

Elevation 290ft.) 

(N 37° 11.110 W 

120° 09. 771 

Elevation 295ft.) 

(N 37° 11 120 W 

120° 11 480 

Elevation 275ft.). 

Block 2 

Chowchilla CA 

(N 37° 03 212 W 

120° 19.029 

Elevation 196ft.) 

(N 37° 03.686 W 

120° 16 694 

Elevation 213ft.) 

(N 37° 02.958 W 

120° 16.218 

Elevation 225ft.) 

(N 37° 01.751 W 

120° 16.955 

Elevation 187ft.) 

Block 3 

Fresno CA1 

(N 36° 49.104 W 

119° 43.405 

Elevation 281ft.) 

(N 36° 49.288 W 

119° 43.618 

Elevation 282ft.) 

(N 36° 49.275 W 

119° 43.394 

Elevation 281ft.) 

(N 36° 49.215 W 

119° 43.276 

Elevation 281ft.). 

Block 4 

Bakersfield CA 

(N 35° 17 752 W 

119° 08 833 

Elevation 328ft.) 

(N 35° 16 239 W 

119° 08 763 

Elevation 331ft.) 

(N 35° 16.455 W 

119° 10 366 

Elevation 327ft.) 

(N 35° 17 728 W 

119° 10 463 

Elevation 310ft.).   

Bees 

Thirty-two 3lb queen right package bees were purchased in May of 2013 

from Koehnen Bros Apiary (Colusa, California) and were to be raised from 

scratch to an industry preferred 8 frame strength (8 frame * ~1500 bees/ frame = 

~12,000 bees per hive) (Traynor 1993).  Each hive had one super (a deep 

Langstroth hive box), top lid and bottom board, a 1gal frame feeder, and nine 

frames (23.17 cm) with beeswax coated Plasti-cell foundation (injected molded 

plastic with raised-cell sheet). Hives were staged at the Yerena Farms blackberry 

ranch in Watsonville California (36°58’39.92” N 121° 46’ 22.54” W) with natural 

forage available, and with a 1gal. frame feeding system as a backup (see Appendix 

B).  Despite these favorable conditions, many colonies began to die due to ant 

infestations, and robbing by nearby commercial hives.  The high rate of attrition 

                                              

1 The Fresno block did not meet the minimum forage parameters but the grantor requested it 

anyway.   
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continued until a decision was made to completely switch out the colonies with 32 

colonies of equal strength.  These 32 colonies were procured from Hiatt Honey 

(Madera, California).  These hives contained identical equipment (boxes, frames, 

feeders, wax foundation).   

In late January, 2014, two hives were placed into each treatment plot at the 

beginning of the pre-almond cover crop bloom, which would allow the 21-day 

brood cycle of honey bees (Sheesley et al. 1968) to complete one full cycle before 

almond bloom.  Hives placed in untreated no cover crop plots received high 

fructose corn syrup (HFCS) and Honey Bee Healthy (HBH) pollen cakes (Dadant 

Corporation, Fresno, California) as a supplemental feed until almond bloom. 

Pollen Traps 

Gross colonial intake rates of pollen were determined by placing Sundance 

bottom pollen traps on hives. (Ross Rounds, Inc. Albany, NY) (see Appendix C).  

Pollen traps remove pollen loads from incoming foragers when collection screens 

are inserted and the pollen gate is opened to force bees through the pollen trap. 

Bee escapes allow the bees to exit but not enter again unless they walk through the 

screened trap.  The same gate can be lowered thus closing the trap (Figure 2).   

 

Figure 2 Pollen collection tray, bee escapes, and trap gate (L-R) of a Sundance 

bottom pollen trap. 
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Pollen collecting screens were inserted into each hive on January 21, 2014 

and the gates were opened. The gates were left open and samples were taken 

weekly throughout the duration of the trial. 

Data Collection 

Pollen samples from the traps were collected in plastic bags and labelled 

with block-treatment-date.  These were returned to the lab where they were 

weighed.  Samples were each mixed thoroughly so random 30 dr sub-samples 

could be taken for analysis.  Three 30 dr sub samples were taken to identify the 

pollen. 

Pollen Identification 

First reference slides were made directly from flowers of almond (Figure 1, 

p. 13), borage (Figure 3), and rapini (Figure 4) in order to aid the bee pollen 

identification process.  Sub samples of bee pollen were then emptied onto white 

glossy cardstock and color sorted using a jewelers magnifying headlamp (3.8X).  

These colors fell into a range of colors: light green, gray-green, yellow, orange, 

brown, red, and white.  Foraging honeybees only stop at one floral source during 

each outing; therefore, it could be assumed that a single corbicular pellet 

represented a single floral source.  Three slides of each color were made using 

pollen from each sub sample set that matched the color.  Since the predominant 

pollen source during this experiment was almond, identifying almond pollen by 

color (gray-green) was the first item of business.  In fact, of the 402 sub-samples 

(134 x 3), 231 of them were nearly 100% almond.  There was no discrepancy 

between the sub sample sets.  This makes sense as honeybees swarm to the most 

profitable forage, and almonds, as a monoculture, generally are the only flowering 

source in February, although some nectarines, plums and various weeds can 
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flower concurrently.  In this study, there were no concurrent blooms in block 1 

(Legrand) and block 4 (Bakersfield).  Block 2 had a variety of concurrently 

blooming weed species, and also in Block 3 (Fresno State) where the surrounding 

housing developments offered floral sources of the ornamental horticulture 

variety.  But even these were overlooked once almonds reached maximum 

flowering. 

 

Figure 3 A pollen grain (magnified x1000) of borage (Borago officinalis). 
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Figure 4 A pollen grain (magnified x 1000) of rapini (Brassica rapa) 

Pollen Slide Preparation 

Of the corbicular pellets of bee pollen that had already been separated by 

color, one was randomly chosen to be sampled to remove a small slice of pollen.  

This pollen slice was placed on a pre-heated slide from a slide warmer (Lab Line 

Instruments Inc. Melrose Park, IL).  The pollen slice had to be as small as possible 

to avoid too much pollen being applied to the slide.  Too much pollen causes 

multiple layers of pollen which obscure the field of vision.  On a separate heating 

element, a jar of glycerol mounting gel containing an anti-septic was heated and a 

drop, or two, maximum, was gently dropped upon the slide.  The pollen and jelly 

were then mixed with a thin wooden skewer to form a pollen/jelly slurry.  A glass 

cover slip was gently placed over this.  One side of a slip cover glass was then 

gently lowered the other side.  The goal being to force out air bubbles.  The slide 
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was then removed to cool, and clear nail polish was applied on the margins to seal 

the slide.  In essence the pollen sample had been preserved by the jelly and the nail 

polish.   

The room temperature slide was then mounted on to a backlighted 

compound microscope (Amscope v.3.7) with a fixed camera attachment (MD35) 

and examined.  The goal was to have only one layer of pollen in the field of 

vision.  This was not always the case.  Once a good representative sample of 

pollen was in view, the sample was photographed at 100x (Figure 5), 250x (Figure 

6), and 1000x (Figure 1, p. 13).  

 

Figure 5 Pollen grains (magnified x 100) of almond (Prunus dulcis) 

Palynology, the study of pollen, is not without its challenges.  Pollen 

examined under light microscopy often can only be identified to the Family level.  

In our case, the almond (P. dulcis) could be identified down to Genus and Species.  

The assumption that B. rapa and B. officinalis could be identified to genus and 

species was challenged by the possible intake of other concurrently blooming 
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Figure 6 Pollen grains (magnified x 250) of almond (Prunus dulcis) 

Brassicas such as Wild Mustard (Sinapsis spp., Brassicaceae), Flixweed 

(Descurainia sophi,Brassicaceae), London rocket (Sisymbrium irio, Brassicaceae), 

Shepherd’s Purse (Capsella bursa-pastoris, Brassicaceae), Lesser Swinecress 

(Coronopus didymus, Brassicaceae), as well as other flowers from the 

Boraginaceae family, such as fiddle neck (Amsinkia spp., Boraginaceae) which 

blooms in early March.  Because of this, the reference slides were invaluable. 

The other pollens were identified where possible to Family.  Asteraceae, 

mostly likely dandelion (Taraxacum officinale, Asteraceae) due to its ability to 

flower year round in mild climates (UCANR 2015)  Some remained unidentified; 

however, these represented pollen samples in the 1-3% range, prior to and after 

almond pollination. 

Data Collection 

Data collection began the week hives were placed in treatment plots 

(January 25, 2014) and continued weekly until the end of the post almond bloom 
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cover crop (March 24, 2014).  As measures of colony strength, we examined 

pollen trap weights, pollen analysis by percentage of cover crop and almond, and 

brood count in cm² (Sheesley et al. 1968).  Pollen traps were Sundance bottom 

pollen traps (Ross Rounds Inc., Albany New York).  Samples of pollen from 

pollen traps were taken twice a week, with a minimum one day break between 

each pollen sampling, to determine pollen species composition in order to 

determine where bees have been foraging as well as dry weight.  These samples 

were collected and the empty traps returned for further collection.  This pollen 

history is important as bees should move from pre-bloom forage to almonds when 

almonds begin to bloom (Gary et al. 1978).  Frames of brood were photographed 

using a fixed camera frame holder (see Appendix D) (Figure 7), then the cropped 

image (Figure 8 was transferred into image processing software (Image J version 

1.48, National Institute of Health, USA) where a 98 square grid was placed over it 

(Figure 9.  This allowed for measurement of brood area in cm² as a measure of 

colony health (Sheesley et al. 1968).  Hives were weighed at the beginning of pre-

bloom staging, the beginning of almond bloom, and the end of almond bloom 

which allowed a general measurement of colony growth including bees, brood, 

pollen and honey. 

Results from year 1 of the studies were used to refine treatments in year 2 

of the study.  The oilseed crop that produced the greatest hive strength and health 

based on brood cm
2
 and hive weight (or the top 2 ranked crops if results are 

comparable) were used as the primary treatment in year 2.  Timing of planting and 

or size of treatment plots were refined and the experiment was repeated with the 

same general linear model measurements coupled with refined frequency of 

measurements. 
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Figure 7 Fixed frame photograph of brood frame 

  

 

Figure 8 Fixed frame brood frame photo cropped to inside dimensions of brood 

frame 
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Figure 9 98 square grid overlay of cropped brood frame to calculate brood cm² 

Results and Discussion 

Cover Crops 

Rapini began blooming in the first week of February.  Borage did it during 

the fourth week of February.  The drought seriously hampered the germination and 

growth of all the treatments, and as the experiment was designed as a non-irrigated 

trial, a decision was soon made to acquire water.  This was not an easy task since 

water is very valuable in arid California.  Normally almond trees are not irrigated 

in the winter; however in this drought year, the cooperating growers were 

watering, with the exception of the plots on Fresno State as canal water deliveries 

ended at end of October, 2013.  In the three blocks where irrigation was applied, 

the use of drip irrigation and micro-sprinkler systems allowed for only negligible 

amounts of water to spill beyond the tree canopy and into the rows where the 

seeds were planted.  In late December 2013, the cooperating growers agreed to 

drag the lines away from the trees and into the rows.  This allowed for the 

treatments to germinate, but not 100%. 
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Pollen 

Leaving traps “ON” continuously proved to be troublesome.  The amount 

of pollen sampled far exceeded the needs of this study.  Furthermore, the bee 

escapes often became clogged with debris the bees would have otherwise dragged 

out.  In fact, in one set of treatment hives, in block 4 in Bakersfield (rapini), two of 

three traps became clogged with bee detritus thus blocking the bee escapes.  This 

resulted in the trapping of the bees and ultimately their death.  Unseen cracks and 

gaps in the research hives also allowed bees to bypass the pollen gate which 

resulted in no pollen or unrepresentative samples being collected.  Ironically, 

periodic vandalism of some of the hives in block 3 (Fresno State) resulted in lids 

being knocked off, thus allowing bees to bypass the trap.  Surprisingly, this did not 

affect the overall accumulation of large quantities of pollen. 

The amount of pollen collected during this time ranged from 0g to 1.6Kg.  

Samples were assumed to be small (less than 12% of total daily intake, and so 

unlikely to affect experimental conditions (Fewell and Winston 1992).  This was 

more or less the case in the three rural replications (Figure 10) (Figure 11) (Figure 

13).  The urban orchard, located on the campus of Fresno State (Figure 12), in the 

heart of the city, had often times enormous pollen loads (>1Kg).   

Block 1 (Legrand, CA) had a spike in pollen collection at the height of 

almond bloom that diminished consistently among all treatments (Figure 10). 

Block 2 (Chowchilla CA) had large amounts of flowering common yellow 

woodsorrel (Oxalis corniculata, Oxalidaceae) and Persian speedwell (Veronica 

persica, Scrophulariaceae) within the rows of the orchard (unpublished 

observation), particularly in the borage and cuphea treatments (Figure 11). 
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Figure 10 Pollen intake: block 1 (Legrand, California) 

 

 

 

Figure 11 Pollen intake: block 2 (Chowchilla, California) 

  

0.00
50.00

100.00
150.00
200.00
250.00
300.00
350.00
400.00

G
ra

m
s 

Treatment Plots 

Legrand CA Pollen Intake 

Borage Control Cuphea Rapini

0.00
20.00
40.00
60.00
80.00

100.00
120.00
140.00
160.00
180.00

G
ra

m
s 

Treatment Plots 

Chowchilla Pollen Intake 

Borage Control Cuphea Rapini



 32 32 

Fresno State had significantly larger amounts of pollen taken in by the 

foragers (Figure 12).  It can be noted that on February 11
th

, 2014 50% of 

treatments plots had samples larger than 200 g, and on February 13
th

, 2014 75% of 

treatments plots had samples larger than 200 g.  This is larger than any of the 

pollen samples taken at Chowchilla. 

 

 

Figure 12 Pollen intake: block 3 (Fresno, California) 

Bakersfield was unusual in that it was a relatively new orchard (5
th

 leaf) yet 

the owner had it fully stocked with commercial hives (~two colonies per acre).  It 

seemed that there might not be enough flowers in need of pollination to the young 

age of the trees (unpublished observation).  This could explain the low amount of 

pollen taken in by the hives until the other commercial hives were removed in 

early March (Figure 13).  A rather dramatic difference can be seen when all the 

pollen intake levels are combined (Figure 14). 
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Figure 13 Pollen intake: block 4 (Bakersfield California) 

 

 

Figure 14 Average pollen intake from all blocks: 1-4 
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Brood Analysis 

Brood was analyzed by date using a general linear model two-way repeated 

measures ANOVA with treatment as a between factor and time as a within factor 

(Table 3.  Where significant treatment differences were found, means were 

separated using Tukey’s honest significant difference (HSD) test. 

Table 3 Between and Within Factors: Brood cm² 

Between Subjects Factors Within Subjects Factors 

Treatment N Time Dependent Variable 

Borage 4 1 Pre-Bloom 

Control 4 2 Bloom 

Cuphea 4 3 Post-Bloom 

Rapini 4   

Brood data were checked for outliers using SPSS Descriptive Statistics.  

There were no outliers in the data, as assessed by inspection of a box plot for 

values greater than 1.5 box lengths from the edge of the box. 

Tests for Normality, Homogeneity of Variance 
and Covariance 

Brood was normally distributed for all treatments at all-time points, as 

assessed by Shapiro-Wilk’s test (p > 0.05), with the exception of one data point 

(Time 2 * rapini) which was not normally distributed; however, this one exception 

did not warrant a transformation.  There was homogeneity of variance, as assessed 

by Levene’s test of homogeneity of variance (p > 0.05) for pre-bloom and post-
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bloom, but not for bloom (p=.049).  There was homogeneity of covariances, as 

assessed by Box’s test of equality of covariance matrices (p= .858) 

Mauchly's Test of Sphericity 

Mauchly's test of sphericity tests the null hypothesis that the variances of 

the differences are equal. Thus, if Mauchly's test of sphericity is statistically 

significant (p  <  0.05), we can reject the null hypothesis and accept the alternative 

hypothesis that the variances of the differences are not equal (i.e., sphericity has 

been violated). Results from Mauchly's test of sphericity are shown below for the 

brood data within subjects’ effect of time.  The significant figure was .220 (p > 

0.05), which indicated that sphericity was not violated. 

Multivariate Tests: Brood cm² 

A two-way repeated measures ANOVA was conducted on the brood cm² 

data to look for interaction between time and cover crop treatment.  However, this 

interaction was not significant (P = 0.963). 

Within and between subjects: Brood 
Data 

There was no interaction (P = 0.926) between the cover crop treatment and 

time on brood cm².  Although there was a main effect (P = 0.0005) of time, the 

cover crop treatment had no effect (P = 0.201) on brood cm².   

Between Subjects: Brood 

Lastly, the main effect of treatment showed that there was no statistically 

significant difference in brood cm² between treatments F (3, 12) = 1.012, p = .421, 

partial n²= .202. 
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Charts: Brood cm² Data 

In Block 1, during pre-bloom, the no cover crop plots and plots with cuphea 

were significantly different; during bloom the plots with borage and plots with no 

cover crop were significantly different; and during post-bloom the plots with 

borage and plots with no cover crop were significantly different (Figure 15). 

 

 

Figure 15 The mean brood cm² of treatments in block 1 (Legrand, California).   

Error bars represent SD 

In Block 2, during pre-bloom, plots with borage and rapini were 

significantly different; during bloom, plots with borage and plots with rapini were 

significantly different (Figure 16). 

In Block 3, during pre-bloom, plots with borage and rapini were 

significantly different; during bloom the plots with no cover crop was significantly 

different than those with cuphea and rapini, and during post-bloom there were no 

significant differences between the treatments (Figure 17).  In Block 4 there were 

no significant differences between the brood areas (Figure 18). 
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Figure 16 The mean brood cm² of treatments of block 2 (Chowchilla, California).  

Error bars represent SD. 

 

 

Figure 17 The mean brood cm²:of treatments of block 3 (Fresno, California).  

Error bars represent SD. 
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Figure 18 The mean of brood cm² of treatments of Block 4 (Bakersfield, 

California) Error bars represent SD 

Hive Weight Analysis 

The weights of each of the two treatment hives were measured using a flat 

table balance [Manufacturer: Adam Equipment Company (Danbury, Connecticut), 

Model: CPWplus 150M (150Kg d= 0.05Kg)] and the mean weight was compared 

both to other treatments within the block as well as other treatments in other blocks. 

Hive weights were analyzed by date using a general linear model two-way 

repeated measures ANOVA with treatment as a between factor and time as a 

within factor.  Where significant treatment differences were found, means were 

separated using Tukey’s honest significant difference (HSD) test. 

Hive weight data were checked for outliers using SPSS descriptive statistics.  

There were no outliers in the data, as assessed by inspection of a box plot for values 

greater than 1.5 box lengths from the edge of the box.  Rapini data were excluded as 

it lacked a minimum degrees of freedom as some of the hives had died.
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Tests for Normality, Homogeneity of Variance 

and Covariance: Hive Weight 

Hive weight was normally distributed for all treatments at all-time points, 

as assessed by Shapiro-Wilk’s test (p > 0.05).  There was homogeneity of 

variance, as assessed by Levene’s test of homogeneity of variance (p > 0.05).  

There was homogeneity of covariances, as assessed by Box’s test of equality of 

covariance matrices (p= 0.100). 

Mauchly's Test of Sphericity 

Mauchly's test of sphericity for time showed that was not violated (P = 0.477). 

Multivariate Tests: Hive Weights 

A two-way repeated measures ANOVA showed that there was no 

interaction (P = 0.681) between the cover crop treatment and time on brood cm².  

There was no interaction (P = 0.546) between the cover crop treatment and time 

on hive weights.  Time and cover crop treatments also had no effect (P = 0.071 

and 0.637, respectively) on hive weight. 

Charts: Hive Weight Data 

For block 1 (Legrand, CA) on Time_3 (Post-bloom), the plots with borage 

were significantly different than the plots with no cover crop but not significantly 

different than cuphea and rapini (Figure 19).  All other figures were not 

significantly different.  Block 2 (Chowchilla CA) on Time_1 (Pre-bloom) plots 

with borage were significantly different than those with cuphea, but not 

significantly different from those with no cover crop or with rapini.  All other 

figures were not significantly different (Figure 20).  Block 3 (Fresno State, Fresno 

CA) all treatments were not significantly different (Figure 21).  Block 4 

(Bakersfield CA) all treatments were not significantly different1 (Figure 22).

                                              
1 Rapini hives had failed by Time_3 weight/inspection. Pollen traps had clogged with debris. 
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Figure 19 Hive weights in block 1 (Legrand CA).  Error bars represent SD 

 

 

 

 

Figure 20 Hive weights in block 2 (Chowchilla CA).  Error bars represent SD 
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Figure 21 Hive weights in block 3 (Fresno State, Fresno CA).  Error bars 

represent SD 

 

 

 

 

Figure 22 Hive weights in Block 4 (Bakersfield CA).  Error bars represent SD 
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Conclusion 

The experimental design of pursuing a non-irrigated field trial, coupled 

with the ambitious distance parameters involved in separating treatments to 

prevent cross foraging, proved to be quite troublesome.  Because of a lack of 

water, some treatments in the RCBD yielded no data at all, while others were slow 

to grow and flower, thus depriving us of a pre-bloom set of data.  Despite these 

shortcomings, valuable data on pollen volume versus other blocks, as well as floral 

diversity, was gathered from block 3 (Fresno) that helped us refine our design for 

year 2. 

 



   

IDENTITY, MORPHOLOGY, AND ORIGIN OF COLLECTED 
BEE POLLEN PRIOR TO, DURING, AND AFTER ALMOND 

BLOOM IN THE SAN JOAQUIN VALLEY, CALIFORNIA 

Introduction 

There are several factors currently affecting the health of the honeybee 

(Apis mellifera, Hymenoptera: Apidae), one of which is the nutritional deficiency 

found in pollen substitute cakes fed to bees in time of dearth.  Recent research has 

shown that the supplemental feedings of vitamin deficient “pollen” cakes, and 

high fructose corn syrup (HFCS) in the time of dearth preceding almond bloom, 

may add to the malnutrition of the bee populations.  Since bee pollen is the protein 

basis for a bee’s diet, with nectar serving as the primary source of carbohydrates, a 

lack of natural forage can reduce colony size and strength, ultimately affects 

pollination rates in fields like almonds (Prunus dulcis, Rosaceae).  For example, it 

has been shown that a hive with 8 frames of bees can collect 3 times as much 

pollen as a 4 frame colony (Sheesley and Poduska 1970), and growers in 

California naturally demand 8 frame colonies, but often have to accept 4-6 frame 

colonies (Traynor 1993).  The objective of this study was to look at natural 

alternative bee forage, including the identity, morphology and origin of collected 

bee pollen (Erdtman 1943), and its effect on colony strength on research hives 

prior to, during, and after almond pollination in the San Joaquin Valley, 

California.   

Materials and Methods 

Study Sites and Cover Crops 

Each treatment plot consisted of an area (~.40 hectare).  Two treatments 

were planted on the campus of Fresno State separated by (~1.60km).  The no 
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cover crop treatment was located 24km north west of Fresno and consisted of 

three hives within an empty almond orchard (Table 4).  Within each treatment plot 

the alternate forage crop was broadcast seeded, then dragged with a chain link rake 

to cover seed.  The borage and rapini were sprinkler irrigated with 3” pipe and 

sprinkler heads with a wetting radius of up to 14 m. 

Table 4 Locations of Cover Crop Treatments Planted in November, 2014 

Treatments Locations Coordinates 

Borage Campus of Fresno 

State, Fresno CA 

36°48’58.82” N 

119°44’07.34” W 

Control Almond Orchard, 

Madera Ranch 

CA  

36°56’09.79” N 

119°50’08.63” W 

Rapini Campus of Fresno 

State, Fresno CA  

36°49’46.26” N 

119°44’07.34” W 

Treatments included an untreated control (no cover crop planted), rapini 

(Brassica rapa, Brassicaceae) at 5lb/acre, and borage (Borago officinalis, 

Boraginaceae) at 10lb/acre.   

Bees 

Nine queen right hives were rented in January of 2015 from Hiatt Honey 

(Madera CA) and were assessed to be four frame strength (4 frame * 1500 bees/ 

frame = appx.6,000 bees per hive) (Traynor 1993).  The hives had been treated for 

mites earlier in the fall.  Each hive had one super (deep box), top and bottom lids, 
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eight frames with beeswax coated wax foundation, plastic frame feeders, and 

Sundance bottom pollen traps. On January 8th, 2015, three hives were placed into 

each treatment plot at the beginning of the pre-almond cover crop bloom, which 

would allow a minimum 21-day brood cycle of honey bees (Sheesley et al. 1968) 

to complete one full cycle before almond bloom in mid-February.  Hives placed in 

untreated control plots received high fructose corn syrup (HFCS) at 50% syrup 

and 50% water, and Honey Bee Healthy (HBH) pollen cakes (Dadant Corporation, 

Fresno California) as a supplemental feed until almond bloom.  In late January a 

second super was added to all nine hives in anticipation of almond bloom.  These 

second supers contained eight frames, two of which were frames with honey 

already built in to the frame.  There were no significant differences in the weights 

of these added supers. 

Pollen Traps 

Gross colonial intake rates of pollen were determined by placing Sundance 

bottom pollen traps on hives (Figure 23). Pollen traps remove pollen loads from 

incoming foragers when collection screens are inserted and the pollen gate is 

opened to force bees through the pollen trap. Bee escapes allow the bees to exit 

but not enter again unless they walk through the screened trap.  The same gate can 

be lowered thus closing the trap.  Pollen collecting screens were inserted into each 

hive on January 8th, 2015 and the gates were opened. The gates were left open 

(lowered) on Thursdays and samples taken the following Monday, after which the 

traps were closed (raised) until the following Thursday.  These weekly samples 

continued throughout the duration of the trial until March 10
th

, 2015. 
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Figure 23 Sundance bottom pollen trap 

Pollen Identification 

First reference slides were made directly from flowers of almond (Figure 1, 

p. 13), borage (Figure 3), and rapini (Figure 4) in order to aid the bee pollen 

identification process.  Sub samples of bee pollen were then emptied onto white 

glossy cardstock and color sorted using a jewelers magnifying headlamp (3.8X).  

These colors fell into a range of colors: light green, green/gray, yellow, orange, 

brown, and red.  Foraging honeybees only stop at one floral source during each 

outing; therefore, it could be assumed that a single corbicular pellet represented a 

single floral source.  Three slides of each color were made using pollen from each 

sub sample set that matched the color.  In this study, there were was pre-bloom, 

and concurrent blooms in borage and rapini. 

Pollen slide preparation 

Of the corbicular pellets of bee pollen that had already been separated by 

color, one was randomly chosen to be sampled to remove a small slice of pollen.  

This pollen slice was placed on a pre-heated slide from a slide warmer (Lab Line 
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Instruments Inc. Melrose Park, IL).  On a separate heating element, a jar of 

glycerol mounting gel containing an anti-septic was heated and a drop was gently 

dropped upon the slide.  The pollen and jelly were then mixed with a thin wooden 

skewer to form a pollen/jelly slurry.  A glass cover slip was gently placed over 

this.  Once cooled, clear nail polish was applied on the margins to seal the slide.   

Slides were mounted on to a backlighted compound microscope (Amscope 

v.3.7) with a fixed camera attachment (MD35) and examined.  Once a good 

representative sample of pollen was in view, the sample was photographed at 

100x, 250x, and 1000x (Figure 6). 

Palynology, the study of pollen, is not without its challenges.  Pollen 

examined under light microscopy often can only be identified to the Family level.  

In our case, the almond, could be identified down to genus and species.  The 

assumption that the rapini and borage could be identified to genus and species was 

challenged by the possible intake of other concurrently blooming Brassicas such 

as wild mustard (Sinapsis spp., Brassicaceae), flixweed (Descufrainia sophi, 

Brassicaceae), London rocket (Sisymbrium irio, Brassicaceae), shepherd’s purse 

(Capsella bursa-pastoris, Brassicaceae), lesser swinecress (Coronopus didymus, 

Brassicaceae), as well as other flowers from the Boraginaceae family, such as 

fiddle neck (Amsinkia spp., Boraginaceae) which blooms in early March, 

The other pollens were identified where possible to Family.  One particular 

deep orange-red pollen frequently found was identified to be in the Family 

Asteraceae, mostly likely dandelion (Taraxacum officinale, Asteraceae) due to its 

ability to flower year round in mild climates.  Despite an often exhaustive inquiry, 

ome pollen remained unidentified. 



 48 48 

Data Collection 

Data collection began the week hives were placed in treatment plots and 

continue weekly until 1 wk after the end of the post almond bloom cover crop.  As 

measures of colony health, we examined pollen trap sample weights, pollen 

analysis by percentage of cover crop vs. almond, and brood count in cm² (Sheesley 

et al. 1968).  Pollen traps were Sundance bottom pollen traps (Ross Rounds Inc. 

Albany NY).  Samples of pollen from pollen traps were taken once a week to 

determine pollen species composition in order to determine where bees have been 

foraging as well as dry weight.  These samples were collected and the empty traps 

returned for further collection.  This was important as bees should move from pre-

bloom forage to almonds when almonds begin to bloom (Gary et al. 1978).  

Frames of brood were photographed using a fixed camera frame holder (see 

Appendix D, and then the cropped image was transferred into image processing 

software (Image J version 1.48, National Institute of Health, USA) where a 98 

square grid was placed over the cropped image.  This allowed for measurement of 

brood area in cm² as a measure of colony health (Sheesley et al. 1968)  Hives were 

weighed at the beginning of pre-bloom staging, the beginning of almond bloom, 

and the end of almond bloom. This allowed a general measurement of colony 

growth including bees, brood, and pollen intake. 

Results and Discussion 

Cover Crops 

Rapini began blooming in the last week of January and almost 100% of the 

plants bloomed (Figure 24).  Borage began blooming on February 5
th

 (see 

Appendix E) 
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Figure 24 Rapini field at 100% bloom (Fresno, California). 

The rapini managed to outgrow surrounding weeds, which were mostly 

redmaids (Calandria ciliate [R & P] DC. Var menziesii: Portulacaceae) and 

fiddleneck.  The borage bloomed 50%.  Unfortunately, the weed bank was very 

heavy in the borage plot, despite disking twice.  Multiple grasses (Poaceae), 

mallow (Malva sylvestris, Malvaceae), London rocket, and stinging nettle (Urtica 

dioica, Urticaceae) quickly overtook the borage seedlings, but where borage 

emerged first, its broad leaves allowed it to out compete the weeds. 

Bees 

Two of the three no cover crop hives died between February 12
th

 and 17
th

.  

The third no cover crop hive appeared to be thriving.  There were other 
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commercial hives within the orchard but not directly adjacent to the treatment 

hives.  Robbing could have been a factor; however, no robbing activity was seen 

during inspections.  The no cover crop orchard was a 20 hectare almond orchard 

with five year old trees owned by a commercial beekeeper.  Because of this, there 

were more than the industry recommended two hives per acre.  It’s possible that 

the number of hives exceeded the carrying capacity of the orchard (unpublished 

observations).   

The other treatment hives on the campus of Fresno State survived and were 

transported to the no cover crop orchard where the no cover crop hives were 

located once almonds were in full bloom on February 20
th

.  Subsequently, an 

inspection on February 27
th

 revealed one of the borage treatment hives (B3) was 

not queen-right; however foragers continued to bring in pollen, and larvae were 

visible as well as capped brood. 

Pollen 

The amount of pollen collected during this time ranged from 0 g to 214 g.  

Samples were assumed to be small (less than 12% of total daily intake, and so 

unlikely to affect experimental conditions (Fewell and Winston 1992) (Table 5). 

Table 5 Average Grams of Pollen per Inspection 

Treatment Grams SE (±) 

Borage 44.23 (±17.78) 

No Cover Crop 24.21 (±17.56) 

Rapini 66.45 (±28.30) 
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Pre-bloom Pollen 

The borage plot had 15% of borage (Figure 25) citrus, fabaceae, stinging 

nettle and wild mustard.  The existence of almond was the result of nearby almond 

orchards that had begun to bloom prior to the borage hives being moved to the no 

cover crop almond orchard in Madera. 

 

 

Figure 25 Pre-bloom percentage of pollen in borage hives 

The no cover crop plot had very little pollen collected by weight compared 

to the other treatment hives located in Fresno.  The primary pollen collected was 

fabaceae and wild mustard (Figure 26). 

The rapini, with its near 100% bloom allowed for an ideal treatment 

scenario (Figure 27).  During the pre-almond bloom period, when the rapini was 

approaching 100% bloom, the bees brought nearly 30% of rapini, with a balance 

of Asteraceae (Figure 28), fiddleneck (Figure 29), wild mustard (Figure 30), and 

unidentified pollen.  The high amount of almond pollen is a result of a nearby 

almond orchard that began to bloom earlier than expected before the research 

hives were moved to their no cover crop orchard in Madera. 
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Figure 26 Pre-bloom percentage of pollen in no cover crop hives 

 

Figure 27 Pre-bloom percentage of collected pollen in rapini hives 
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Figure 28 Magnified (x1000) pollen grain of Asteraceae 

 

 

Figure 29 Magnified (x1000) pollen grain of fiddleneck (Amsinkia intermedia, 

Boraginaceae). 
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Figure 30 Magnified (x1000) pollen grain of wild mustard (Sinapsis arvensis) 

Bloom Pollen 

All treatment hives began collecting almond pollen in earnest (>90%) as it 

was the overwhelming forage available.  The borage hives (Figure 31) had a trace 

of London rocket (Figure 32), while the no cover crop hives (Figure 33), and 

rapini hives (Figure 34) had negligible amounts of wild mustard (Figure 30). 

Post-bloom Pollen 

In the post-bloom period, the borage hives (Figure 35) continued to find 

plentiful almond pollen, but soon switched to asteraceae, wild mustard, and nearby 

citrus (Figure 36).  There was no pollen taken in by the no cover crop hive during 

the last inspection. 
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Figure 31 Mid-bloom percentage of collected pollen in borage hives 

 

 

Figure 32 Magnified (x1000) pollen grain of London rocket (Sisymbrium irio L.) 
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Figure 33 Mid-bloom percentage of collected pollen in control (no cover crop) 

hives 

 

 

 

Figure 34 Mid-bloom Percentage of Pollen in rapini hives 
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Figure 35 Post-bloom percentage of collected pollen in borage hives 

 

 

Figure 36 Magnified (x1000) pollen grain of citrus 
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As almond bloom diminished, bees began foraging for other concurrent 

blooms.  In the rapini hives (Figure 37), Asteraceae and wild mustard were the 

most prevalent. 

 

Figure 37 Post-bloom percentage of collected pollen in rapini hives  

Pollen Intake 

A comparison over the duration of the study showed that there was no 

significant difference in the amount of pollen brought in by each set of treatment 

hives (Figure 38).  Figure 39 shows the expected rise and fall of pollen collection 

(by weight) as almond bloom accelerates then diminishes.  

Brood cm² and Hive Weight Analysis 

In the second year trial, which was to be an irrigated RCBD experimental 

design, obtaining the cooperation of growers willing to donate land--and more 

importantly water--proved to be an elusive goal.  Since there were no replicated 

treatments, brood cm²data and hive weight data were analyzed by date using Excel 

2013 V 10.0 (Microsoft Inc.).   
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Figure 38 Mean pollen intake of three treatment colonies.  Error bars represent SD 

 

 

Figure 39 Mean pollen intake over time 
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During the first inspection of the hives (Pre-bloom 1) borage and no cover 

crop were significantly different.  All other treatments were not significantly 

different (Figure 40). 

 

Figure 40  Brood cm² of three honeybee forages.  Error bars represent SD 

Figure 41 shows the effects of treatments on brood cm² over time.  One can 

see an increase in brood cm² in colonies exposed to borage and rapini during pre-

bloom 1 and pre-bloom 2 inspections, with borage then declining upon the bloom 

inspection.  One of the three borage hives also became queenless at some point 

after installation at the almond orchard.  The rapini colonies, which enjoyed 100% 

bloom of the cover crop, continued their growth when moved into almonds 

(bloom), then declined afterwards as the almond bloom waned.  The rapini hives’ 

growth pattern was what one would expect in a fully blooming almond orchard.  
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The no cover crop hives; however, which were in the empty almond orchard, and 

were fed a diet of pollen substitutes and HFCS, declined steadily, yet gradually as 

the study continued. A positive growth pattern was predicted with the abundance 

of almond pollen; however, two of the three no cover crop hives had failed by the 

time of full bloom inspection.  This was due to a mite infestation.  This mite stress 

coupled with competition from the 25 pallets of commercial bee hives (~100 

hives) on the opposite side of the orchard, may have negatively impacted the 

overall colony growth, as robbing of smaller, weaker hives by larger, stronger 

ones may have occurred (unpublished observation). 

 

 

Figure 41 Three honeybee forage treatments over time 

Hive Weights 

During the bloom inspection the no cover crop and rapini hive weights 

were significantly different (α.05).  All other comparisons were not significantly 

different (Figure 42). 
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Figure 42 Mean weights of three treatment hives.  Error bars represent SD 

Mite Check 

Regarding the presence of V destructor, there were no significant 

differences (α.05) between the treatment hives at the beginning and end of the 

study.  A daily average over 18 mites (>18/day) indicates a damage threshold has 

been met and treatment should be administered (CAPA 2013, OMFRA 2015) 

(Figure 43).  The low number of mites in no cover crop during last inspection was 

affected by the fact that two of three hives had already died.  The low number 

reflected the sole surviving hive, which was more or less healthy. 
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Figure 43 Average mites per day at beginning and end of study.  Error bars 

represent SD 
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CONCLUSION 

Further research may illuminate new approaches to the staging of bees prior 

to almonds.  Fields of wild mustard (Brassica spp.: Brassicaceae) are numerous in 

California.  Perhaps bees, which are often placed in “bee yards” within non 

flowering orchards, could be placed in areas where natural winter blooms occur.  

In a more novel approach, bees could be staged in urban areas (unleased business 

parks, unused maintenance yards in city facilities, or under power lines), thus 

benefitting from the same urban ornamental horticulture forage that our research 

bees collected in our study. 

At the very least, one can see, based on pollen intake, that bees staged in 

rural areas, including non-flowering orchards, and fallow farmland, do not gather 

as much pollen as bees staged near blooming forage (i.e. near urban areas), thus 

they are deprived of an important source of natural protein.  Additionally, the 

concurrent bloom of weeds or other nearby ornamental flowers does not appear to 

make a significant difference in foraging decisions of bees once almonds begin to 

bloom. 
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APPENDIX A: BLOCK MAPS 
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Figure 44 2014 Trial: block 1 map (Legrand, California) 
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Figure 45 2014 Trial block 2 map (Chowchilla, California) 
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Figure 46 2014 Trial block 3 map (Fresno, California) 
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Figure 47 2014 Trial block 4 map (Bakersfield, California)
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Figure 48 Staging of the treatment hives (Watsonville, California) 
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Figure 49 Research hive in rapini treatment plot (Fresno, California) 

 

 

 



   

APPENDIX C: SUNDANCE BOTTOM POLLEN TRAP 



 83 83 

 

Figure 50 Sundance bottom pollen trap 

 



   

  

APPENDIX D: FIXED FRAME HOLDER 
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Figure 51 Frame holder demonstrating a honey frame 
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Figure 52 Frame holder demonstration with hive frame and fixed digital camera 

attached 
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Figure 53 Frame holder in the field with brood frame 
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Figure 54 Flowering rapini treatment plot. 
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Figure 55 Flowering borage treatment plot 
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