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Influence of weather at time of pollination on
acorn production of Quercus alba and Quercus
velutina

Robert A. Cecich and Neal H. Sullivan

Abstract: Pistillate flowerdevelopmentand acorn production were observed in small-populationsof white oak
(Quercus alba L,) and black oak (Quercusvelurina Lain.) in central Missouri from 1990 to 1997. There were
significant year-year differences in the size of flower crops for both speciesand significant tree-tree differences in
black oak. About 7% of the white oak flowers matured into acorns: most flowers aborted by early/uly, just after
fertilization. About 12% of the black oak flowers matured into acorns, but some individual trees never or rarely
produced a mature acorn. The numberof fertilized flowers in white oak and black oak in early July was positively
correlated with acorn production.Over all trees and years, the numberof flowers and acorns were significantly
correlated. Acorn productionvaried in relation to weather variablesdunng the time of pollination.Simple regression
models were good predictorsof white oak acorn productionbut not of blackoak acornproduction.Maximum
temperatureand the numlw.rof days with hail had negative effects on acorn production.The numberof days of rain
during the pollination periodwas positivelycorrelatedwith flower survivalin blackoak but not with white oak.

R_um_ : Le d_veloppementdes floursfemelles et la productionde glandsout _t_ observds duns de petites populations
de chine blanc (Quercusalba L.) et de eh(:neheir (Quercus velutina Lain.)dartsle centre du Missouri de 1990_t
1997. IIy avait des differences significativesentre les ann_.esduns la productionde fleurs chez ins deax esp_ees et des
differences significatives entre los arbreschez le chine noir. Environ 7%des tents preduisaiemdes glands chez le
chine blanc; la plupartdes flours avortaientt6t en juillet, imm_diatemantapt_savoir _t_ fertilisres. Environ 12%des
fleurs prodnisaient des glandschez le chine heir. mais terrains arbresn'om jamaisoa rarementproduit de glands
matures.Le hombre de floursfertilis_es t6t en juiIlct chez le chine blancet le chine heir _tait positivement corr_l_
la production de glands. Pour l'easemble des arbres et des aan_es, le hombrede finurs et le hombrede glands _taient
signiflcativement corral,s. La productionde glands variait en function des variablesclimatiques pendant la p_rio_dede
poninisation. Des mod_:lessimples de r_gressionsent de bobs outils pourpr_ire laproduction de glands chez le ch_.ne
blanc mais pas chez le chine heir. La temperature maximale et le nombrede louts avec de la gr_le avaient un effet
nrgatif sur la prodnclion de glands. Le hombre de louts de plate pendantla p_riodede pollinisation _tail positivemem
corr_16avecla survie des tears chez le throe noir mais pas chez le throe blanc.

[Traduit par la R_daetionl

Introduction flower emergence through branch and leaf elongation
(Minina 1954). Low temperatures in the spring do not affect

The process by which oak pistillate flowers become the amount of flowers unless there is a freeze sufficient to

acorns is understood reasonably well from an anatomical damage shoots and leaves (Sharp 1958). Late-spring freezes
perspective (Cecich 1993). However. the way that various can kill both fast-year (Sork and Bramble 1993) and see-
factors influence that process ts not always clear. Weather ood-year (Wolgast and Trout 1979) pistillate flowers in oaks
does affect acorn production (Sork eta/. 1993: Koenig etal. of the Erythrobalanus subgenus. Sork etal. (1993) found
1994a. 1996; Cecieb 1997b). The emergence of staminate that acorn production was negatively coo'elated with the se-
inflorescences and shedding of pollen hasten with dsing verity of summer drought, a combination of temperature and
temperatures and lower relative humidity (Roraashov 1957: rainfall effects. Genetic control of acorn production has been
Sharp and Chisman 1961: Jovanovic and Tncovic 1975; examined previously (Cecich 1993). For instance. Farmer
Woigast and Stout 1977). Sharp and Sprague (1967), finding 1t981) found that in a given year acorn production in white
no correlation with relative humidity and acorn yields in oak (Quercus alba L,) was highly '_orrelated with the per-
field studies, concluded that spring temperature was the pri- courage of fertilized pistillate flowers, while year-to-year
mary factor in determining the success of acorn crops. Tern- differences were associated with variation in the number of

perature may directly or indirectly influence the time of flowers that emerged.

Most abortion during the acorn production process occurs

Received March 22. 1999. Accepted July 22. 1999, between the stages of flower emergence and fertilization
(Cecich 1993). Up to 100% of the flowers that emerge can

R.A. Cecich I and N.H. Sullivan. North Cemral Research abort 'during that time .Williamson 1966: Kossuth 1974:
Station. USDA Forest Service_ Columbia. MO 65211. U.S.A. Cecich 1997b). Pollen catkins appear about 1 week before new
_Correspondiogauthor, e-mail: bcecich/ne_co@fs.fed,us shoots begin to elongate and leaves unfold. Thus, successful
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pollination may be subject to environmental conditions for and flower sarvival in early Septamber is SI. For the second grow-
at least 2 weeks before pollination occurs (Neilson and ing season, flower survival on or about May 1 is M2, and flower
Willstein 1980). Determining what weather factors affect survival on July 1 following fertilization in late June is J2.

specific physiological and structural processes during this An estimate of acorns per tree was calculated with the procedure
time should prove useful in increasing our understanding of of Ceeich and Larsen (1998). The number of branch forks from theground to a terminal bud at the crown perimeter was found to be
acorn production and in predicting acorn yields, This study 8.9 ± 1.1 (mean ± SDI+ This value is used to estimate the number
evaluates acorn production and the percent survival of pistil- of branch tips on the surface of the crown of an average oak tree.
late flowers into acorns for white oak and black oak Assuming there is dicbotomoasbmnchiog, the number of branch

( Quercus relutina Lain. t in relation to several v, eather fac- ends would be two to the power equal to the number of forks ( 2':°
tots, I and 2 weeks before, during, and 1 week after the time or 478 terminal branch ends). The mean number of acorns per tree

of pollination, was estimated by multiplying 478 times the mean number of
acorns from the five-branch sample originating within one of these
terminal ends.

Methods Climatological data for the months of April and May during the

Study trees. 12 black oaks and 9 white oaks from 12 to 25 m years 1988--1997 were retrieved from data bases at the nearby Co-
tall. were located in a closed-canopy forest on the Thomas S. lumbia Regional Airport. Daily weather variables of interest '.,,'ere
Baskett _qldlife Research and Education Area. Ashland. Me+ average temperature (*C), maximum temperature (*C), minimum
(38"N, 92"W). Sampling of the oak flowers w_ done along a for- temperature (*C), relative humidity (RH). days with fog, days with
est road with a "chen_' picker." a truck equipped with a 13-m hy- rain. and days with hail. Except for 1997, the temperature dropped
draulic boom that reached to a maximum height of 16 m. to a low of 0*C on only one night during April and May of the

The elongating branches from five terminal branch buds, and study years, Since the April and May time period was considered
any subtending lateral buds. were selected on each tree from 1990 too long to evaluate the effects of weather on the pollination prc-
to 1997. For black and white oak, tim total flower count was re- eess, the weather data for a given year were separated into weekly
corded and survival of the pistillate flower populations was meal- increments defined by the estimated pollination date (EPD) for that
toted. Black and white oak flowers "+,'erecounted weekly from the year. For example, if pollen were shed with a peak of activity on

time of pollen sbud to early Inly and _en monthly until earl.v Sep- May 1, the 7 days including the 3 days before and after May I
tember. However, since black oak flowers require two growing would make up the week of the EPD. One and 2 weeks earlier are
seasons to become acorns, their "second-year" flov,,ers were noted as EPD - 1 and EPD - 2, respectively; the week after the
counted moathJ.',, beglnnin_ hl late April or early May and ending EPD is noted as EPD + 1. Thus. the pollination season in a given
in September. Therefore. 1996 was the last black oak flower year. year was defined by the period from EPD - 2 to EPD + I. The
since their acorns matured in 1997. The last year for observing EPDs for black and white oaks were generally about 3 or 4 days
white oak flov,-ers was 1997. since their acorns mature in the same apart but am shown as the same dates each year for convenience.

season as pellination. An approximate date for the completion of except for 1993, when black oak shed pollen about t week ahead
pollen shed ,,,,.asrecorded each year based on the change in catkin of white oak. Since the recorded weather data were dally averages.
color from bright yellow to dull brown once pullen was shed. Both the veriation within a day could not be assessed, and so the data
species shed pollen for about I week. with peaks of acfi';-ity for were pooled into weekly EPD values that were eyaluated in rein-
black oak several days earlier than the peak for white oak. don to percent flower survival and acorn product-ion. Ultimately.

A necessau.. step to understanding the acorn production process the analysis of weather effects on acorn production was based on
is an awareness of some of its yield components. For the purpose the 4-week EPD totals or means, since we were interested in the
of this study, these components include the following, overall effects, rather than the individual tree effects.
(1) Flower initiation is the process whereby chemical, genetic. Data were examined with analysis of variance, linear regression.

and abiotic factors interact during a critical time period to the Pearson product-moment correlation, and the Bonferroni multi-
cause a meristem to commit itself to become a flower or pie comparison test (SAS Institute Inc.1994). Differences in re-

flower part (Mendel and Yanofsky 1995: Weiget and Niisson spouses among categorical variables (species. tree, and year) were
1995L tested using ANOVA. Differences in response among these cate-

(2) Differentiation is the structural manifestation of the ialtiatioo gorical variables a,d the continuous variables (weather) were
process. In white oak+ the male inflorescence was first oh- tested using analysis of covariance..However, for a given year. the
sor,'ed in late May and the female inflorescence in late sum- same weather data was applied to all the trees since ooly one
mer tMerkle et at. 1980). source of weather data was available. Thus, both weather and year

(3) Emergence of the flowers in spring is associated v,,ith recep- were implicitly connected and could not be modeled simulta-
tivity of the stigmas and shedding of pollen. In ceotral Mis- neoasly. Differences among trees was minimal. Since inclusion of
souri, pollination of white oak and black oak occurs from late the categorical variables was not possible or considered necessary,
April to earl',' May. depending on the year. regressioo techniques became an equivalent method of testing for

t4) Fertilization occurs in mid-June of the first growmg season in the influence of weather. Before analysis, percentage data were
white oak ILepidobalanus subgenus) and it1 late June of the aresine transformed, and data sets with numerous zeros were trans.
second growing season in black oak (E+Tthrobalanus _-,ubge- formed to (3, + 0.5)0.5 (Steel and Tm'rie 1980).
nusl ICecieh 1997a+.

t5) Maturation encompasses the de',elopment of the flov, er and Results
_tsembr3o into an acorn.

The .,,ield components for '+,hite oak acorn prodactlc,n '+,,ereclas- Flowering and acorn production data from the 12 black
sifted as the number of flo',,.ers at emergence tel and flower sur-
vival on Jul? 1 following fertilization in mid-Jane tY_.Since black oak and 9 white oak trees are presented in Tables 1 and 2.
oak reqmres two growing seasons from flower emergence to acorn respectively. In black oak and white oak there were signifi-
maturauon me grov,'mg seasons ',',ere designated .,,._tha I or 2 cant differences between years in the number of flowers pro-
Thus. tor the first gro'_lng ++eason.the number of flov+ers at emer. duced IP < 0.0002 for black oak and P < 0.0001 for white
gence ts F+ flo',,,.er sur-,-t,.al on July l Ibllov+mg polhnatlon ts Jl. oak). [n both species, the largest flower crop, about two to

© t999 NRC Ca_da
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1. Percent survival of blackoak pistillate flowersduring the 1990-1996 flowering years. Acorns mature in the second growing
season,
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three times as large as subsequent flower crops, was pro- number of black oak acorns per tree ranged from 1780 in
duced in 1990. Must of the black oak flowers in 1990 were 1994 to 5369 in 1996 (Table 1). These values are within the

produced on five trees (Nos. 4, 5, 10, ] 1, and 121. In subse- range estimates reported by Burns et al. (19541.
quent years, trees 11 and 12 continued to be, reladve to the Percent flower survival averaged about 12% over all trees
other black oaks, the "best" flower producers (Table 11. As a and years (Fig. 1), A Bonferroni test for flower survival in-
contrast, tree 7 produced few flowers, excerpt for 1993. In dicated that no paired tests among the trees were significant
two consecutive years it did not have pistillate flowe_ or but that the major sources of variation were tree 12 (no sur-
pollen catkins. The among-ace differences in black oak viva]) and tree 5 (low survival). There was not an overall
flower number were significant (P < 0.02). significant difference (P < 0.05) among years in terms of

The large number of white oak flowers in 1990 occurred acorn production for black oak, but there were significant
on six of the nine trees (Table 2). Tree 8 came closest to an- differences (P < 0.0003) in terms of percent flower survival,
nually producing a good flower crop but only produced a with more flowers surviving in 1996.
relatively good acorn crop in 1995. The smallest white oak When flower and acorn crops were pooled by year, the
flower crop. about 20% as large as the study average, was number of flowers was not significantly correlated with the
observed in 1997, the year of a severe late spring freeze, number of acorns (P < 0.05). However, the correlation of
There were no significant among-tree diitercnces in flower flower number and acorn production over all trees and years
number for white oak. was highly significant (P < 0.0002). This result is most

likely related to an increase in the degrees of freedom (82

Black oak vs. 7).

There were significant differences among the black oak
trees for both acorn production (P < 0.0001 ] and the percent White oak
survival of flowers into acorns (P < 0.021. However, the There was not an overall significant difference (P > 0.34)
source of the variation differed between these response vail- among the white oak trees for the number of acorns pro-
ables. A Bonferroni multiple comparison test for acorn pro- duced or the percentage "of flowers surviving to the acorn
duction among trees indicated that tree I I. which produced stage. The percentage of flowers_surviving to the acorn stage
the most acorns per branch, was the major source of the in September averaged about 7% over all years. On average,
variation. Tree 12. the other consistently good flower pro- about 80% of the flower loss for all white oak trees occurred
ducer, never produced a mature acorn during the years of between the time of pollination and shortl3_ after fertilization
this study, and tree 5 produced only one acorn. A large per- (Fig. 2). There were significant differences among years in
centage of tree ITs reproductive potential was lost every terms of white oak acorn production P < 0.04) and percent
year during July of the second growing season during the flower survival (P < 0.01L The low survival values in 1994
initial stages of cotyledon and embryo enlargement, indicat- and 1997 {Table 2) appear to account for this result.
ing the possible expression of late embryonic lethal alleles The number of acorns was highly correlated with the
(Fisher 19651 carried maternally by tree 12. The estimated number of fertilized pistillate flowers on July I (r = 0.964.

© 1999 NRC Canada
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Fig. 2. Percent survival of white oak pistillate flowersduringthe effect. Combinations of two of the three temporamre param-
1990--1997growing seasons, eters produced a better model fit (R2 = 0.20) than fog, hail,

or RH.

Ill _ Simple models were not good predictors of black oak

aeom production. Significant relationships could be found,
but the models required five parameters to be significant
(P < 0.05) and the R2 was low (0.04). However, simple mod-
els were successful at predicting percent flower survival.
Both fog and rain were positively correlated with survival

(R2 = 0.05 and 0.20. respectively).

Discussion

30 "t \\\_.._ During the 4-week pollination season, as defined by the

2_ J \\_.__ EPD, certain weather factors affected acorn production and
percent flower survival. The number of days with hail was

1 negatively correlated (P - 0.03) with the percentage of white
oak flowers surviving to the aeom stage. Hail may affect
flower survival and aeom production in several ways: (i) it

F J A can damage or remove leaves, thereby reducing the total leaf

Stages area and the production of photosynthates for export to the
developing flowers and acorns; (it') it can remove the fragile

e 1990 + 1991 --4r- 1992 X 1993 catkins (and, thus, the pollen source) if the hail occurs be-
+ 1994 -'O-- 1995 I 1996 " 1997 fore the pollen is shed; and (iii) it can damage or remove

pistillate flowers, especially those of white oak. Because of
their relatively long peduncle, they tend to be more fragile

P < 0.0002). This relationship is cousistdnt with that ob- than those of black oak, which are tightly appressed to the
- branch. However, the long stigma-styles of the black oak

served in black oak where flower survival in July of the sec- flowers are probably more susceptible to hail damage than
end year (post-fertilization) was highly correlated with acorn the flattened or sessile stigma-stylus of white oak. It is not
production Ir = 0.918. P < 0.000l ). As with black oak, the unusual to observe black oak flowers in their In-st or second

initial white oak flower numbers, when pooled by years, are growing season with all three styles broken. If styles are .
hot simaificantly correlated with the number of acorns (P < broken before pollen tubes cease growing in mid-May0.05 ). However, the correlation of flower number and acorn

production over all trees and years was highly significant (Cecich and Haenchen 1995; Ceeich 1997a), then the flower
will not be fertilized in the second growing season and will

IP < 0.0004_. The estimated number of white oak acorns per abort. Since pollen tubes cease growth in mid-May just be-
tree ranged from zero in 1997 to 5987 in 1995 (Table 2). low the point where the style usually fractures, the visible
These values are within the range estimates reported by portion of the perianth (Cecich 1997a), they can resume
Bums et al. 11954). growth to accomplish fertilization.

The effects of the late spring freeze of 1997 on acorn pro-
Estimated pollination date (EPD) duction depended upon species. Flower differentiation.

There ".,,'ere both positive and negative effects of the which continues through the period of emergence (Cecieh
weather variables during the period of the EPD on acorn 19931. appeared to have been disrupted by the late spring
production and percent of flowers surviving to the acorn freeze in 1997. Vegetative tissues, such as bud scales, leaf
stage. The significant models predicting white oak acorn primordia, and unelongated stems, at the distal ends of the
production t).'pically had one or two parameters. Maximum branches were also frozen. The number of emerging white
temperature had a significant negative effect upon acorn pro- oak flowers in 1997 was only about 20% of the average for
duction tP = 0.05). Relative humidity (RH) alone had a sig- all the other years and their emergence was delayed about
nificant posture effect fP = 0.0091. The models with RH 2 weeks later than the average date (May I). These observa-
along with one temperature parameter were also significant tions agree with Sharp (1958) who concluded that low tern-
and produced the best fit (R z = 0.14). When RH was re- peratures in the spring did not affect'flowering unless there
gressed in associauon with one of the temperature variables, was a freeze sufficient to damage shoots and leaves. There
the parameter coefficient for RH was always positive and was _ complete loss of the white oak acorn crop in 1997.
the coefficients for each of the temperature variables were However, the second-year black oak flowers (those polli-
airways negative. The number of days with fog was the only nated in 1996) did not appear to suffer freezing damage in
significant predictor (P = 0.006) among the "event" vari- 1997. This is opposite to what Wolgast and Trout 119791 ob-
ables tram. fog. and hail), and its effect was positive, served in Quercus ilicifoliu Wangenh. The mean number of

The signiticant models predicting percent flower survival black oak flowers in 1996 was the smallest (43.2L but the
m _hite oak were also one- or two.paramerer models. Fog percent survival was the best (26okL Perhaps the reduction
and RH alone had positive effects, while hail had a negative of dry matter that would normally have been required for the

O 1999NRCCanada
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