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Abstract. Acorns of cherrybark, water, and willow oaks grew slowly but steadily in 
July and August and reached maximum size in September, when fats and carbohydrates, 
the major storage foods, accumulated rapidly. At physiological maturity in late Octo
ber or early November, crude fat levels were 15 to 20 percent of seed dry weight and 
carbohydrates totaled 25 percent. Forest Sci. 20:238-242. 

Additional key words. Quercus phellos, Quercus nigra, Quercus falcata var. pagodae
folia, germination. 

SEED TECHNOLOGY for oaks can be im
proved with a better understanding of acorn 
maturation. This paper reports results of 
3 years' study of acorns from water (Quer
cus nigra L.), willow (Q. phellos L.), and 
cherrybark oaks (Q. falcata var. pagodae
folia Ell.), three economically important 
species of the red oak group. 

These three oaks flower from February 
to May, depending on latitude. In central 
Mississippi, water and willow oak nor
mally start flowering in the first or second 
week of March (Toole 1965a, 1965b). 
Cherrybark oak probably flowers at the 
same time. Solitary pistillate flowers are 
borne on spikes from leafaxiIs of the cur
rent growth. Acorns mature from August 
to November of the second year (Sargent 
1965, Lotti 1965, Toole 1965a, 1965b). 
Acorns of all three species are about %
inch (12.7 mm) long. The number of 
acorns per pound in central Mississippi 
ranges from 200 to 400 for water and wil
low oak (440 to 880 per kg) and from 200 
to 700 for cherrybark oak (440 to 1540 
per kg) (Bonner 1967). 

Acorns of these species exhibit light to 
moderate dormancy and usually require 
cold, moist stratification for prompt ger
mination. Water and willow oaks respond 
well to 60 to 90 days stratification; cherry
bark oak usually requires only 30 to 60 
days (Bonner 1970). 
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Procedure 

Four seed-bearing trees of each species 
were selected near Mississippi State Uni
versity in east-central Mississippi. Ten 
acorns were collected from each tree every 
2 weeks from the end of June until matura
tion in October or November. All were 
from the lower one-third of the crown. The 
original plan was to collect from the same 
trees each year for 3 years, but crop fail
ures forced some changes. However, good 
measurements were obtained in 1967, 
1968, and 1971 for willow oak; in 1968, 
1970, and 1971 for cherrybark oak; and in 
1968, 1969, and 1970 for water oak, with 
data limited to only three trees in 1969. 
On several occasions late in the season, only 
five acorns were taken from certain trees 
because of light seed crops. 

All acorns were collected in the morn
ing and transported to the laboratory in 
polyethylene bags for measurement of fresh 
weight, diameter, moisture content, and 
dry weight. Dry weights were obtained 
after 24 hr of drying at 105°C in a forced
draft oven. Moisture contents were ex
pressed as percentages of fresh weights. 

When crop size permitted, extra acorns 

The author is Principal Silviculturist at the 
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Mississippi State, Mississippi, by the Southern 
Forest Experiment Station, USDA Forest Ser
vice, in cooperation with Mississippi State Uni
versity. Manuscript received Sept. 5, 1973. 
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FIGURE 1. Seasonal changes in fresh weight, 
dry weight, diameter, and moisture content 
of willow oak acorns. 

were collected in September and October 
for germination tests. Lots of various sizes 
were stratified for 30 days at 3°C and ger
minated on moist Kimpak under diurnally 
alternating temperatures of 20 0 and 30°C; 
light was provided during the 30° period. 

During one study year, extra acorns 
were collected from one sample tree of 
each species. Acorns and cups were dried 
for 24 hr at 70°C and ground in a Wiley 
mill to pass a 40-mesh screen. The ground 
material was analyzed for crude fat, solu
ble carbohydrate, insoluble carbohydrate, 
soluble nitrogen, protein nitrogen, phos
phorus, calcium, and magnesium_ Methods 
of analysis were as reported by Bonner 
(1972). In addition, calcium and magne
sium contents were determined by flame 
photometry during the present study. All 
concentrations were based on seed dry 
weight. Analyses were done in duplicate 
and repeated for agreement to within 10 
percent of the mean. 

Results 

Physical Characteristics. Acorns of all 
three species increased in size and weight 
throughout the measurement period and 
showed very similar patterns of growth 
(Figs. 1-3). Acorn diameters grew at a 
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FIGURE 2. Seasonal changes in fresh weight, 
dry weight, diameter, and moisture content 
of water oak acorns. 

steady rate from June through August and 
reached maximum size in mid- to late Sep
tember. 

Fresh weight increased slowly until early 
August, then more rapidly as moisture con
tent peaked in late August or early Septem
ber. Moisture content dropped rapidly in 
September from 60 or 70 percent to around 
40 percent at maturity. Dry weight in
creased at a more steady rate and continued 
to rise through late October and early No
vember, long after acorn diameters reached 
maximum size. In several years, the last 
collections were apparently made before 
maximum dry weight was attained. 

Variation between years was slight, with 
several exceptions. Seed crops were poor 
and acorns were unusually small in 1967 
for willow oak and in 1969 for water oak. 
Extra large acorns were produced in 1971 
on cherrybark oak (Fig. 3)_ 

Although some acorns collected in late 
September and early October germinated, 
those collected in late October and early 
November germinated more completely 
(Table 1). During this same period, acorn 
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FIGURE 3. Seasonal changes in fresh weight, 
dry weight, diameter, and moisture content 
of cherry bark oak acorns. 

pericarp color changed from green to dark 
brown or black, and acorns were easily 
separated from their cups. 

Chemical Characteristics. Fats and car
bohydrates are the major seed storage foods 
in these species. Crude fat levels remained 
low until September, then climbed sharply 
to 150-200 mg per gram, or 15 to 20 per
cent of acorn weight (Fig. 4). Water oak 
had slightly higher crude fat concentrations 
at maturity than willow and cherrybark 
oaks. 

The insoluble carbohydrate fraction, 
like crude fat, was stable until early Sep-

Mg./g. SEED ----------------, 
200 / 

,/ .,..' --WILLOW OAK 

---- WATER OAK /~::.-- .. ~ 
--- CHERRYBARK OAK ,-Y 

150. 

100 /.f 
50 CRUDE FAT ,,(I 
~ __ ~:::::::;,t 

;g~.A~g=;S;EE~D~~====~~==~==========~ 
8 -----", PROTEIN NITROGEN 

.... _----... 
6 '" 

'-'-_. ..--._._.:::;.::-,..........-
4~~~==~============~ Mg./g. SEED 
6 , 

" 
4 '\. SOLUBLE NITROGEN 

" ... 
2 _.-.-:::,---------.... ....... "::=== -.~,. 

FIGURE 4. Seasonal changes in crude fat, pro
tein nitrogen, and soluble nitrogen in acorns 
of willow, water, and cherry bark oaks. 

tember, then increased to October peaks 
of 250 to 300 mg per gram of seed (Fig, 
5). In all three species, however, there 
was a slight drop in concentration at the 
last collection. Soluble carbohydrates grad
ually increased from July until early Sep
tember, then dropped sharply as they were 
apparently converted to insoluble forms 
(Fig. 5). Total carbohydrates at maturity 
accounted for 25 to 30 percent of acorn 
dry weight for all species. Water oak 
acorns, which had more crude fat, had 
slightly less carbohydrates than the other 
two species, Staining the solid extract resi
dues with IKI (Jensen 1962) indicated 

TABLE 1. Germination at 60 days of willow, water, and cherrybark oak acorns col
lected from September to November. 

Collection 
date 

Willow oak-1971 

Tree 1 Tree 3 

Water oak-1968 Cherrybark oak-I971 

Tree 1 Tree 3 Tree 1 Tree 3 

................................................................ Percent" ............................................................. _. 

Sept. 21 
Sept. 30 
Oct. 6 
Oct. 18 
Nov. 1 

14 

59 
86 
96 

o 

8 
74 
94 

77 

92 

90 

78 
o 

20 
72 

• Germination percentages are based on single lots per tree of 15 to 25 acorns each. 
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60 
76 
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FIGURE 5. Seasonal changes in soluble and in
soluble carbohydrates in acorns of willow, wa
ter, and cherry bark oaks. 

that amylose was present in increasing 
amounts as the season progressed (Table 
2). 

Both protein nitrogen and soluble nitro
gen decreased in concentration during mat
uration (Fig. 4). In protein nitrogen, the 
decrease seemed to level off in late Sep
tember and even reverse itself slightly. 
There were no significant increases, how
ever. Both nitrogen fractions changed 
much more in water oak than in the other 
two species. 

Calcium, magnesium, and phosphorus 

TABLE 2. Presence of amylose in acorns 
of willow, water, and cherrybark oak as in-
dicated by IKI staining. (-) absent, (+) 
light stain, (++) heavy stain. 

Cherry-
Willow Water bark 

Collection date oak oak oak 

June 29 + 
July 13 + 
July 28 + 
August 10 + 
August 24 + + + 
September 8 + + + 
September 21 + ++ ++ 
October 5 ++ ++ ++ 
October 20 ++ ++ ++ 
November 2 ++ 
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FIGURE 6. Seasonal changes in calcium, mag
nesium, and phosphorus in acorns of willow, 
water, and cherry bark oaks. 

levels in water and cherrybark oak acorns 
gradually declined during maturation (Fig. 
6). Willow oak acorns showed similar 
trends late in the season, but they also had 
unexplained increases for all three elements 
in August (Fig. 6). 

Discussion 

Acorn maturation was very similar for all 
three species and in all sampling years. 
July and August were characterized by 
slow but steady growth and increasing mois
ture contents. Acorns reached maximum 
size in September as the major storage 
foods, fats and carbohydrates, rapidly ac
cumulated. A drop in moisture content in 
September and October accompanied this 
growth. This general pattern fits most fall
maturing dry fruits and seeds that readily 
dehisce at maturity (Hatano and Asakawa 
1964, Pollock and Ross 1972). Acorns 
differ from the others in this group, how
ever, in their high moisture contents at ma
turity. Red oak acorns are about 35 to 40 
percent moisture at maturity; smaller dry 
seeds, both crop and tree species, usually 
are below 20 percent moisture at natural 
maturity. 

Seeds with little moisture can be stored 
easily, but acorns present a problem be-
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cause their high moisture contents must 
be maintained during storage to prevent 
loss of viability (Bonner 1973). For this 
reason, Roberts (1973) grouped the oaks 
among the "recalcitrant" species. 

No other published values for chemical 
contents of these red oak acorns during 
maturation are known to the author. Anal
yses of mature acorns of other red oak 
species are available (Korstian 1927, 
Wainio and Forbes 1941, Bonner 1971), 
and those data are similar to concentrations 
in mature acorns reported in the present 
work. 

The magnitude of change in chemical 
fractions is dominated by the large amount 
of storage tissue in the cotyledons of acorns 
(Vozzo 1973). The embryonic axes of 
these species comprise less than 1 percent 
of total acorn dry weight at maturity. 
Chemical components which are high in 
nitrogen and phosphorus, such as proteins 
and nucleic acids, increase considerably in 
the embryonic axis during maturation; but 
total concentration changes for the entire 
acorn are small. 

Although germination tests were limited, 
the data indicate that acorns reached full 
physiological maturity in late October and 
early November. Extensive acorn collec
tions for other studies at the Forest Tree 
Seed Laboratory support this conclusion. 
Possible chemical indices of maturity are 
15 to 20 percent crude fat and 25 percent 
carbohydrate, but these would have very 
limited practical use. Generally, the out
ward appearance of the acorn is the best 
indication of maturity. Mature acorns are 
dark brown or nearly black (water oak) 
and can be easily removed from the cup. 
If acorns are gathered before they exhibit 
these characteristics, collections are likely 
to yield immature acorns which germinate 
and store poorly. 
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