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Growth habit, occurrence, and use.    The buckeyesCwhich occur in North America, 
southeastern Europe, and eastern and southeastern AsiaCinclude about 25 species of deciduous 
trees and shrubs (Rehder 1940). They are cultivated for their dense shade or ornamental flowers, 
and the wood of some species is occasionally used for lumber and paper pulp. They also provide 
wildlife habitat. The shoots and seeds of some buckeyes are poisonous to livestock (Bailey 
1939). Six of the 8 species described (table 1) are native to the United States. The horsechestnut 
was introduced into this country from southern Europe, and the Himalayan horsechestnut occurs 
naturally in the Himalayas. 

Seven of these 8 species are not used much in reforestation, but all are used for 
environmental forestry planting. Himalayan horsechestnut is used extensively for reforestation 
and the nuts are fed to sheep and goats (Maithani and others  1990). This is also true of 
horsechestnut, which has been widely planted as a shade tree in Europe and also in the eastern 
United States, where it sometimes escapes from cultivation (Bailey 1939). Ohio and yellow 
buckeyes are sometimes planted in Europe and the eastern United States, the former having been 
successfully introduced into Minnesota, western Kansas, and eastern Massachusetts. California 
buckeye is also occasionally planted in Europe and to a somewhat greater extent in the Pacific 
Coast states. A natural hybridCA. % bushii Schneid. (A. glabra % pavia), called Arkansas 
buckeyeCoccurs in Mississippi and Arkansas (Little 1953). At least 5 other hybrids are known in 
cultivation (Little 1953). 

Flowering and fruiting.    Buckeye flowers are irregular in shape and white, red, or pale 
yellow in color; they are borne in terminal panicles that appear after the leaves. The flower spikes 
are 15 to 20 cm tall by 5 to 7.5 cm wide (Browse and Leiser 1982). The flowers are polygamo-
monoecious, bearing both bisexual and male flowers. Only those flowers near the base of the 
branches of the cluster are perfect and fertile; the others are staminate (Bailey 1939; Rehder 
1940). 

The fruit is a somewhat spiny or smooth, leathery, round or pear-shaped capsule with 3 
cells (figure 1), each of which may bear a single seed. Sometimes only 1 cell develops and the 
remnants of the abortive cells and seeds are plainly visible at maturity. When only 1 cell 
develops, the large seed is round to flat in shape. The ripe seeds (figure 1) are dark chocolate to 
chestnut brown in color, with a smooth and shining surface and have a large, light-colored hilum 
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resembling the pupil of an eye. They contain no endosperm, the cotyledons being very thick and 
fleshy (figure 2). When ripe in the fall, the capsules split and release the seeds. The times of 
flowering and fruiting for 7 species of buckeyes are given in table 2. Other fruiting characteristics 
are listed in table 3. 

Normally, horsechestnut and Ohio buckeye will set viable seed almost every year. 
Bottlebrush buckeye rarely sets seed except in very hot, dry, late summers (Browse 1982).  

Collection of fruits; extraction and storage of seeds.    The fruits may be collected by 
picking or shaking them from the trees as soon as the capsules turn yellowish and begin to split 
open or by gathering them from the ground soon after they have fallen. The fruits may be dried 
for a short time at room temperature to free the seeds from any parts of the capsules that may still 
adhere to them, but great care must be taken not to dry them too long. When this occurs, the 
seedcoats become dull and wrinkled and the seeds lose their viability. There is ample evidence 
that buckeyes are recalcitrant in nature (Bonner 1969; Pence 1992; Tompsett and Pritchard 
1993).  Moisture contents at the time of shedding have been reported as 49% for horsechestnut 
(Suszka 1966) and 56% for red buckeye (Bonner 1969). The seeds of this genus should be sown 
at once in the fall or stratified promptly for spring sowing. 

Buckeye seeds must be stored with moisture contents close to what they are shed with, but 
even then their viability cannot be maintained very long. Initial viability of fresh seeds of 
horsechestnut was maintained for 6 months when they were stored in polyethylene bags at 1 )C. 
This storage condition is the same as cold moist stratification because of the high moisture 
content of fresh seed (Suszka 1966). When seeds were stored at -1 )C in sealed packages without 
added moisture for 13 months, germination dropped from 85% to 60%; after 15 months, 
however, germination was only 25% (Widmoyer and Moore 1968). Data on number of cleaned 
seeds per weight are listed for 7 species in table 4. Purity and soundness usually are close to 
100% (Rudolf 1974). Nonviable seeds will float in water and can be discarded (Browse 1982). 

Pregermination treatments.    Seeds of Ohio, yellow, and painted buckeyes and 
horsechestnut require stratification or prechilling to induce prompt germination (Rudolf 1974).  
Stratification has been done in moist sand or sand-peat mixtures at 5 )C for about 120 days, and 
by storage in sealed containers at 1 )C for 100 days or longer (May 1963; Rudolf 1974; Suszka 
1966). In contrast, fresh seeds of California and red buckeyes can germinate satisfactorily 
without pretreatment (Rudolf 1974). Red buckeye seeds requires no stratification even though 
germination is delayed until spring. Cool winter temperatures suppress the germination thus 
preventing autumn emergence (Browse 1982). 

Bottlebrush buckeye seeds exhibit a type of epicotyl dormancy in so far as the root system 
continues to develop, but the shoot becomes dormant after it has emerged (Browse 1982). 
Further development of the shoot system does not occur until the spring (Browse 1982).  

Presowing treatments of horsechestnut seeds increased germination 3 to 15% over the 
control. The treatments yielded the following germination rates: exposure to 50 )C, 92% 
germination; soaking with slight drying, 92%; exposure to 35 )C, 87%; exposure to high 
pressure, 87%; soaking in cobalt nitrate, 85%; soaking in chlorocholine chloride, 80%; and 
control, 77% (Tarabrin and Teteneva 1980). 

Stratification benefits Himalayan horsechestnut. There was a 5-fold increase in germination 
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at 30 )C from 12% for the control to 60% following stratification for 15 days (Maithani and 
others 1990). Prolonging the stratification period to 30 days resulted in 79% germination 
(Maithani and others 1990). 

Germination tests.    Stratified buckeye seeds have been germinated in sand or on wet 
paper at diurnally alternating temperatures of 30 and 20 )C. Results are summarized in table 5. 
Official testing rules for red buckeye (AOSA 1998) call for germinating unstratified seeds for 28 
days on the top of wet paper at the 30/20 )C regime. A recommendation for germinating seeds of 
horsechestnut without stratification is to soak them in water for 48 hours and cut off one-third of 
the seed at the scar end without removing the seedcoat. The portion with the scar should then be 
germinated in sand flats for for 21 days at the same 30/20 )C regime (ISTA 1993). 

Nursery practice.    Under natural conditions, seeds of most buckeye species germinate in 
the early spring. California buckeye, however, germinates just after winter rains have begun, 
usually in November. In the nursery, buckeye seeds usually are sown in the fall as soon after 
collection as possible to prevent drying and loss of viability. If desired, however, the seeds of 
species having embryo dormancy can be stratified or placed in cold, moist storage promptly and 
then sown in the spring (Rudolf 1974; Suszka 1966). Himalayan horsechestnut seeds without any 
treatment showed 80% germination after 133 days (Maithini and others 1990). Seeds sown after 
30 days of cold stratification showed 68% germination in 78 days (Maithini and others 1990). 
The seeds should be sown about 5 cm (1.9 in) apart in rows 15 cm (5.9 in) apart (NBV 1946) and 
covered with 2.5 to 5 cm (1 to 2 in) of soil. The seeds should be sown with the scar underneath 
so that the radicle emerges in the correct position to produce a normal seedling (Browse and 
Leiser 1982). If the seeds are variable in size, it is better to grade them so that small sizes are 
discarded or sown separately, as these rarely make large 1-year seedlings (Browse 1982). 

Germination is hypogeal (figure 3) and usually is complete 3 to 4 weeks after spring sowing 
(NBV 1946). A tree percentage of 70 has been obtained (Rudolf 1974). The beds should not be 
over-watered because the seeds rot rather easily (Rudolf 1974). Ordinarily, 1+0 stock is large 
enough for field planting. 
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Table 1CAesculus, buckeye:    nomenclature and occurrence 
                                                                                                                                                                                  
Scientific name & synonym(s) Common name Occurrence 
                                                                                                                                                                                  
A. californica  (Spach) Nutt. California buckeye Dry gravelly soils; lower slopes of Coast 
A. octandra Marsh  Range & Sierra Nevada in California 
 
A. flava Ait. yellow buckeye, sweet  Moist, rich soils; SW Pennsylvania, W to 

buckeye, big buckeye S Illinois, S to N Georgia, & N to West 
Virginia  

 
A. glabra Willd. Ohio buckeye, fetid  Moist, rich soils; W Pennsylvania to 
   buckeye, American SE Nebraska, S to Oklahoma, then E to  

horsechestnut  Tennessee 
 
A. glabra var. arguta (Buckl.) Texas buckeye  Limestone & granite soils; S Oklahoma,  
   B.L. Robins.   E & central Texas to Edwards Plateau 
A. arguta Buckl.    
A. glabra var. buckleyi Sarg. 
A. buckleyi (Sarg.) Bush 
 
A. hippocastanum L.  horsechestnut, Native to Balkan Peninsula of Europe; 

chestnut, bongay  planted extensively in US 
 
A. indica (Wall. ex. Cambess) Hook. Himalayan horsechestnut Himalayas between 1,524 to 3,050 m 
 
A. parviflora Walt. bottlebrush buckeye SW Georgia & Alabama 
 
A. pavia L.  red buckeye, scarlet  Moist, rich soils; Virginia to Missouri,  

buckeye, woolly buckeye,  S to Texas & Florida 
firecracker plant 

 
A. sylvatica Bartr.  painted buckeye,  Coastal Plain & outer Piedmont, from SE   
A. neglecta Lindl.  dwarf buckeye, Virginia to Georgia, Alabama, & NW 
A. georgiana Sarg.  Georgia buckeye Florida 
A. neglecta var. georgiana (Sarg.) Sarg. 
                                                                                                                                                                                 
Source:    Rudolph (1974). 



 

 
 Aesculus--6 

Table 2CAesculus, buckeye:    phenology of flowering and fruiting 
                                                                                                                                                                                  

  Flowering Fruit ripening Seed dispersal 
Species Location dates dates dates 
                                                                                                                                                                                  

A. californica  S California  AprBSept  SeptBOct  Nov & Dec  
A. flava  C AprBJune  Sept  Sept  
A. glabra C MarBMay  SeptBmid-Oct Early SeptB  

late Oct 
   var. arguta  Texas  MarBApr  MayBJune  C 

Minnesota  May  SeptBOct  SeptBOct.   
A. hippocastanum Europe & NE US   Late AprB  Mid-Sept to  Mid-SeptB  

early June early Oct mid-Oct 
A. parviflora SW Georgia, Alabama July-Aug OctBNov OctBNov 
A. pavia  South part of range  MarBApr  SeptBOct  SeptBNov  

North part of range  MayBJune  SeptBOct  SeptBNov  
A. sylvatica  C AprBMay  JulyBAug  JulyBAug 
 Minnesota  May  SeptBOct  SeptBOct  
                                                                                                                                                            
Sources:    Brown and Kirkman (1990), Harrar and Harrar (1962), Little (1953), Loiseau (1945), NBV (1946), 
Radford and others (1964), Rehder (1940), Rudolf (1974), Sargent (1965), Sus (1925), Turner (1969), van Dersal 
(1938), Vines (1960), Wyman (1947). 
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Table 3CAesculus, buckeye:    height, year first cultivated, flower color, seed-bearing age, seed crop frequency, and 
fruit ripeness criteria 
                                                                                                                                                                                  

Min. Intervals 
Height at   seed- of large Fruit ripeness criteria maturity

 Year 1st  bearing seed crops Preripe Ripe 
Species (m) cultivated Flower color age (yr) (yr) color color 
                                                                                                                                                                                  
A. californica 4.5B12 1855 White to rose 5 1B2 C Pale brown 
A. flava 7.5B27 1764 Yellow C C Yellowish Yellowish 
A. glabra   9B21 1809 Pale greenish 8 C Green   Yellowish 

yellow 
   var. arguta    2B11 1909 Light yellowish 8 1+ Yellow Yellowish green 

green     
A. hippocastanum 7.5B24 1576 White tinged C 1B2 Green Yellowish brown 

with red 
A. parviflora 4.5B6 C White C C C C 
A. pavia 2.5B8.5 1711 Bright red C C C 

 Light brown  
A. sylvatica 7.5B20 1826 Pale yellow, red  8 1+ Yellow-green Yellowish  
  veins towards base    tan 
                                                                                                                                                                                  
Sources:    Brown and Kirkland (1990), Rehder (1940), Rudolf (1974), Sargent (1965). 
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Table 4CAesculus, buckeye:    seed data 
                                                                                                                                                                                  

                 Cleaned seeds per weight* 
             Range                 Average  

Species Place collected /kg /lb /kg /lb 
                                                                                                                                                                                  
A. californica  El Dorado & Contra Costa 18B36 8B16 26 127 

Cos., California 
A. flava Kentucky & North Carolina 60B66 27B30 62 28 
A. glabra C 106B148 48B67 128 58 
   var. arguta  Carver Co., Minnesota  71B104 32B47 88 40 
A. hippocastanum  Western Europe  51B75 23B34 64 29 
A. parviflora SW Georgia, Alabama 40B60 18B27 51 23 
A. pavia  Oktibbeha Co., Mississippi  C C 117 53 
A. sylvatica  Green Co., Georgia, & Carver  68B126 31B57 88 40 

Co., Minnesota 
                                                                                                                                                                                  
Sources:    Browse (1982), NBV (1946), Rudolf (1974). 
*   This value varies not only with seed size but also with moisture content, which is initially rather high in Aesculus 
seeds. One sample of A. flava seeds showed a moisture content of 95% (dry-weight basis) after it had been kept at 
room temperature for 36 days after collection. 
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Table 5CAesculus, buckeye:   cold stratification periods, germination test conditions, and results 
                                                                                                                                                                                  

Cold    Germination test conditions          Germinative    
strati- Daily    Dura-     energy  Germinative 

fication* light     Temp. ()C) tion Amount Time  capacity 
Species (days) (hrs) Medium Day Night (days)     (%) (days)    (%) 
                                                                                                                                                                                  
A. californica  0 C Sand  30 20 20 C C 56 
A. flava  120 C Sand  30 20 40 62 27 76 
A. glabra  120 C Sand  30 20 40 C C 59 
   var. arguta  120 8 Sand  24 17 30 C C 76 
A. hippocastanum  120 C Sand  30 20 30 C C 89 
A. pavia  0   8 Kimpak  30 20 30 62 20 70 
A. sylvatica  90 C Sand  C C 30 C C 78 
                                                                                                                                                                                  
Sources:     May (1963), NBV (1946), Rudolf (1974), Suszka (1966), Widmoyer and Moore (1968).  

*   Cold stratification temperatures ranged from -5 to 5 )C. 


