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How Are Hydrangea Flower Colors Determined? 

Abstract
The flowers of many hydrangea cultivars run the 

gamut of colors from pink to purple to blue 

(Figures 1–3). Some newer cultivars are 

“chameleon” hydrangeas, whose colors change 

throughout the season. All of these colors are due to 

pigments called anthocyanins stored in the sepals. 

The internet is full of advice—often conflicting—on 

how to force color changes in hydrangeas. This 

publication will discuss how hydrangea colors are 

determined and the best ways for home gardeners to 

care for these striking shrubs in their landscapes. 

 

Figure 1. ‘Harlequin’ mophead hydrangea with bright pink 
and white flowers. 

A Brief History of Hydrangea Research 

In the 1940s, researchers began examining the 

hydrangea pigment puzzle by identifying the 

presence of anthocyanins (Chenery 1946) in red and 

blue flowered hydrangeas (white-flowered 

hydrangeas do not have these same pigments and 

are incapable of turning color [Hayter 1949]). They 

discovered that aluminum taken up from the soil 

and stored in the flowers was responsible for the 

deep blue color so prized by plant enthusiasts 

(Chenery 1946; Hayter 1949). In addition, acidic 

soils were required for blue coloration (Hayter 

1949; Figure 1).  

 

Figure 2. Purple mophead hydrangea. 

The Components of Color 

There is more to hydrangea color determination 

than just pigments and pH. We will consider each 

component separately: 

1) pH 

In general, researchers have found that highly acidic 

soils (pH 3.5–5.5) produce blue hydrangeas (Guerin 

and Morel 1998; Handreck 1997; Hayter 1949; 

Okada and Funaki 1967; Okada and Okawa 1974), 

while slightly acidic to slightly alkaline soils (pH 

5.5–7.5) favor pink or red flowers (Okada and 

Funaki 1967; Okada and Okawa 1974). pH 

limitations can be overcome by adding lime to raise 

soil pH, while ammonium sulfate can acidify the 

soil and enhance hydrangea bluing.  

Interestingly, this pH relationship is reversed within 

the pigment-containing cells themselves, with red 

pigments requiring a much more acidic environment 

(pH 3.3) (Yoshida et al. 2003) than blue pigments 

(pH 3.6–5.5) (Chenery 1946; Fukui et al. 2003; 

Kondo et al. 2005; Yoshida et al. 2003). It’s been 

proposed that this higher pH range is necessary for 

color stabilization of the blue pigment complex 

(Fukui et al. 2003), which we will discuss later.  
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2) Aluminum 

Soil acidity is directly related to the availability of 

several metals, including aluminum (Guerin and 

Morel 1998). Under alkaline conditions, aluminum 

is bound to clay particles in the soil; as acidity 

increases, aluminum is released, taken up by 

hydrangea roots, and transported to floral tissues. 

Here it is stored in the vacuoles of the cells, where 

an acidic pH is also maintained. 

Aluminum, a toxic metal, stabilizes the anthocyanin 

pigment complex (Takeda et al. 1985) and is 

required for blue sepals (Asen et al. 1972; Handreck 

1997; Kondo et al. 2005; Okada and Funaki 1967; 

Opena and Williams 2003). Without aluminum, the 

default color of hydrangea anthocyanin is red 

(Schreiber et al. 2011).  

 

Figure 3. Vibrant blue lacecap hydrangea. 

Soilless media, however, do not normally contain 

aluminum, and growing blue cultivars in these 

mixes is challenging. Zeolite (found in non-

clumping cat litter) (Opena and Williams 2003) and 

kaolite (Handreck 1997) both contain aluminum and 

can be added to potting mixes to promote bluing.  

Though red hydrangeas also accumulate aluminum, 

they have much less of this metal than the blue 

cultivars (Asen et al. 1972; Okada and Funaki 1967; 

Toyama-Kato et al. 2003).  

Many plants are inhibited by aluminum and exhibit 

toxic effects (Oszkinis et al. 1968); in high enough 

amounts, aluminum deactivates enzymes and shuts 

down metabolic pathways. Such plants protect their 

enzymes by excluding uptake at the roots, but 

hydrangeas actually accumulate aluminum 

(Chenery 1946; Toyama-Kato et al. 2003) in their 

flowers and leaves. They apparently can detoxify 

the element in their cells by binding it to citric acid, 

forming aluminum citrate (Ma 2000; Schreiber et al. 

2011; Toyama-Kato et al. 2003). In fact, hydrangeas 

not only tolerate, but may actually require, 

aluminum to stimulate nutrient uptake and plant 

growth (Osaki et al. 1997).  

Accumulating a toxin like aluminum may also help 

protect hydrangeas from predators including insects 

(Gotoh and Gomi 2000), birds, and livestock. On 

the other hand, it can also pose a risk for people, 

plants, and pets in a home landscape. For this 

reason, gardeners should avoid adding aluminum to 

their garden soils. 

3) Pigments and Co-pigments 

Though anthocyanins were identified many decades 

ago as the pigments responsible for hydrangea 

coloration, researchers are still fine-tuning our 

understanding of how pigment color shifts when 

chemically modified. This modification could be an 

interaction with aluminum, or a sugar molecule 

piggy-backed onto an anthocyanin, or an 

association with a co-pigment (Asen et al. 1972).  

Based on research so far, it is clear that blue 

hydrangea flowers depend on the formation of a 

complex (Asen et al. 1972; Kondo et al. 2005) 

among three partners: a delphinidin with a sugar 

attachment (Yoshida et al. 2003), a phenolic acid 

co-pigment, and aluminum (Takeda et al. 1985). 

Laboratory research has found that neither 

aluminum nor the co-pigment mixed independently 

with delphinidin can produce the blue color (Takeda 

et al. 1985); all three are required. 

Pigments, pH, and aluminum are three parts of the 

color conundrum; still other factors include genetic 

and environmental influences. 
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Gardening with Anthocyanins in Mind 

• Test your soil pH before selecting 

hydrangeas; blue cultivars are most vibrant 

in strongly acid soils, while pink and white 

hydrangeas perform best in weakly acid to 

weakly alkaline conditions (Figure 4). 

Adding lime will temporarily raise soil pH, 

while ammonium sulfate will lower it.  

 

Figure 4. Mauve-colored hydrangea may be a blue cultivar growing in alkaline 
soil. 

• Hydrangeas flower poorly if exposed to 

temperatures lower than their hardiness 

zones, particularly early fall or late spring 

freezes (Reed 2002). Choose cultivars that 

are suitable for your climate. For extra 

protection from cold, plant hydrangeas in 

locations where they are protected from low 

temperatures, or insulate them well during 

dormancy. Chicken wire enclosures filled 

with autumn leaves are a cheap and effective 

strategy. Keep the soil mulched well with 

coarse woody material such as arborist wood 

chips (Chalker-Scott 2015). 

• Flower color will be more intense with 

direct sunlight. Alternatively, green flowers 

can often be produced by blocking sunlight 

after flowers have opened (Katou and 

Takahama 2006).  

• Hydrangeas are a temperate species that 

need a lengthy cold period to flower; they 

will not flower well in warmer regions 

(Stuart 1951). 

• Aluminum is crucial for bluing, and it is 

tolerated by hydrangeas. However, other 

plants, herbivores, and soil organisms can be 

harmed by excessive aluminum levels. If 

your landscape soils do not contain enough 

aluminum to support blue hydrangeas, use 

large containers of your soil instead. Simply 

plant hydrangeas and add an aluminum 

source such as kaolite, zeolite, or aluminum 

sulfate to this isolated system during the 

flowering stage (Guerin and Morel 1998). If 

you use soilless media, you will need to 

consistently add an aluminum source since 

media do not contain or retain aluminum. 

• Sunlight is often needed to trigger 

anthocyanin production, so shaded plants 

may not accumulate this pigment as easily. 

Full-sun plants may have more vivid colors 

but will require more irrigation. 

Adapted from Chalker-Scott, L. 2009. The Color Conundrum. MasterGardener Magazine 3(2):32–35.

 

Literature Cited
Asen, S., R.N. Stewart, and K.H. Norris. 1972. Co-

pigmentation of Anthocyanins in Plant Tissues and 

Its Effect on Color. Phytochemistry 

11(3):1139¬1144. 

Chalker-Scott, L. 2015. Using Arborist Wood Chips 

as a Landscape Mulch. WSU Extension Fact Sheet 

FS160E. Washington State University. 

Chenery, E.M. 1946. Are Hydrangea Flowers 

Unique? Nature 158(4007):240–241. 

Fukui, Y., Y. Tanaka, T. Kusumi, T. Iwashita, and 

K.A. Nomoto. 2003. A Rationale for the Shift in 

Colour Towards Blue in Transgenic Carnation 

Flowers Expressing the Flavonoid 3',5'-Hydroxylase 

Gene. Phytochemistry 63(1):15–23.  



WSU EXTENSION | HOW ARE HYDRANGEA FLOWER COLORS DETERMINED? 

FS309E | PAGE 5 | PUBS.WSU.EDU 

Gotoh, T., and K. Gomi. 2000. Population 

Dynamics of Tetranychus kanzawai (Acari: 

Tetranychidae) on Hydrangea. Experimental and 

Applied Acarology 24(5–6):337–350.  

Guerin, V., and P. Morel. 1998. Blue Colouring of 

Hortensia and Aluminium: Case Study. PHM Revue 

Horticole 398:48–51. 

Handreck, K.A. 1997. Production of Blue 

Hydrangea Flowers Without Aluminum Drenches. 

Communications in Soil Science and Plant Analysis 

28(13/14):1191–1198. 

Hayter, C.N. 1949. Growing Blue Hydrangeas and 

Other Hydrangea Hints. Rhodesia Agricultural 

Journal 46:449–451. 

Katou, S., and M. Takahama. 2006. Greening of 

Sepals and Regulation of Flowering in Hydrangea 

arborescens 'Annabelle'. Bulletin of Hokkaido 

Prefectural Agricultural Experiment Stations 

90:47–50. 

Kondo, T., Y. Toyama-Kato, and K. Yoshida. 2005. 

Essential Structure of Co-pigment for Blue Sepal-

Color Development of Hydrangea. Tetrahedron 

Letters 46(39):6645–6649. 

Ma, J.F. 2000. Role of Organic Acids in 

Detoxification of Aluminum in Higher Plants. Plant 

and Cell Physiology 41(4):383–390. 

Okada, M., and K. Okawa. 1974. The Quantity of 

Aluminium and Phosphorus in Hydrangea 

macrophylla Plants and Its Influence on Sepal 

Colour. Journal of the Japanese Society for 

Horticultural Science 42(4):361–370. 

Okada, M., and S. Funaki. 1967. Influence of 

Variations in Soil Acidity on Sepal Colour of 

Hydrangea macrophylla. Journal of the Japanese 

Society for Horticultural Science 36:122–130. 

Opena, G.B., and K.A. Williams 2003. Use of 

Precharged Zeolite to Provide Aluminum During 

Blue Hydrangea Production. Journal of Plant 

Nutrition 26(9):1825–1840. 

Osaki, M., T. Watanabe, and T. Tadano. 1997. 

Beneficial Effect of Aluminum on Growth of Plants 

Adapted to Low pH Soils. Soil Science and Plant 

Nutrition 43(3):551–563. 

Oszkinis, W., Z. Haber, and A. Knorc-Gajewicz. 

1968. Preliminary Investigations on the Colouring 

of Hydrangeas Grown in High Peat. Biul Inst 

Hodowli Aklimat Rosl (3/4):201–205. 

Reed, S.M. 2002. Flowering Performance of 21 

Hydrangea macrophylla Cultivars. Journal of 

Environmental Horticulture 20(3):155–160. 

Schreiber, H.D., A.H. Jones, C.M. Lariviere, K.M. 

Mayhew, and J.B. Cain. 2011. Role of Aluminum in 

Red-to-Blue Color Changes in Hydrangea 

macrophylla Sepals. Biometals 24:1005–1015. 

Stuart, N.W. 1951. Greenhouse Hydrangeas. 

Florists’ Review 109(2813):37–40. 

Takeda, K., M. Kariuda, and H. Itoi. 1985. Blueing 

of Sepal Colour of Hydrangea macrophylla. 

Phytochemistry 24(10):2251–2254. 

Toyama-Kato, Y., K. Yoshida, E. Fujimori, H. 

Haraguchi, Y. Shimizu, and T. Kondo. 2003. 

Analysis of Metal Elements of Hydrangea Sepals at 

Various Growing Stages by ICP-AES. Biochemical 

Engineering Journal 14(3):237–241.  

Yoshida, K., D. Ito, Y. Shinkai, and T. Kondo. 

2003. Change of Color and Components in Sepals 

of Chameleon Hydrangea During Maturation and 

Senescence. Phytochemistry 69(18):3159–3165. 

 

  



 

 

 

 

Copyright © Washington State University 

WSU Extension publications contain material written and produced for public distribution. Alternate 

formats of our educational materials are available upon request for persons with disabilities. Please 

contact Washington State University Extension for more information. 

Issued by Washington State University Extension and the US Department of Agriculture in furtherance 

of the Acts of May 8 and June 30, 1914. Extension programs and policies are consistent with federal and 

state laws and regulations on nondiscrimination regarding race, sex, religion, age, color, creed, and 

national or ethnic origin; physical, mental, or sensory disability; marital status or sexual orientation; and 

status as a Vietnam-era or disabled veteran. Evidence of noncompliance may be reported through your 

local WSU Extension office. Trade names have been used to simplify information; no endorsement is 

intended. Published September 2018. 


