
INFLUENCE OF OAKS ON THE ACCUMULATION OF CALCIUM IN FORESTS_I/

George T. Weaver and Jon D. Jones'2/

Abstract.--Forests of the lllinois Ozarks, which are oak-

dominated b_t which also contain numerous other hardwood species,

were studied to determine the degree to which the presence and

types of oaks affect calcium storage in the overstory. Large

differences in the amounts and distribution of calcium in hardwood

tissues were found both within trees and among tree species. Stem

bark which formed about 20% of the biomass is a major sink for

calcium in these forests and contains up to 82% of the total

calcium in some oaks. In contrast, bole wood forms about 70% of
tree biomass but contains 10% or less of the calcium in several oak

species. Black and white oak each form about 30% of the basal area

of these forests and contain 36% and 42%, respectively, of the

above-ground calcium mass. White oaks are major Ca sinks because

they have very high bole bark Ca contents and have high total

biomass. Red oaks are major Ca sinks because of high total

biomass. Because of these accumulations, the total calcium mass in

the overstory in these forests varies markedly and proportionally

to the abundance of oaks. Comparison of calcium mass to biomass

ratios reported for a variety of other recuperate forests

substantiates this effect of oaks on calcium storage.
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INTRODUCTION

The possible effects on soil reserves from

Oaks are widely distributed, major accumulations of large amounts of Ca by trees is

components of many forests types throughout the of concern in managed forests (Boyle and EK,

temperate zone (Braun 1950, Fowells 1965, Eyre 1972; Weetman and Weber, 1972; Johnson et al.

1968, Eyre 1980). Nutrient cycling studies have 1982). Some species such as dogwood accumulate

shown that oaks are generally rich in nutrients large amounts of Ca in foliage (Thomas 1969)

and that some species accrue exceptionally high which, assuming minimal or no retranslation,

levels of calcium (Ca) in certain tissues, return a large proportion of uptake to soil

Duvigneaud and Denaeyer-DeSmet (1970) found that through annual restitution. In contrast., oaks

Rennie's extrapolations, which indicated which sequester much of their Ca in perennial

relatively large mineral masses especially Ca for tissues effectively withdraw it from the annual

old deciduous forests, agreed quite well with nutrient cycle for many years.

their measurements in Belgian oak forests. They

concluded that the temperate deciduous oak Oaks (Bockheim et al. 1984) and other

ecosystem may be distinguished by its nutrient deciduous species (Alban 1982) which have a high

cycle, affinity for Ca can cause substantial

redistribution from soils to biomass. This makes

Ca more susceptible to removal from oak-dominated

ecosystems by harvesting than nutrients which

I/ Paper presented at the Sixth Central accumulate in foliage. Johnson et al. (1982),

Hardwood Forest Conference, Knoxville, TN, who studied this problem, concluded that

FebruarY 24-26, 1987. excessive Ca removal would result from whole-tree

--_/ Professor and Head, Department of harvesting on sites with low Ca reserves. They

Forestry, Wildlife and Fisheries, The University recommended dormant season harvesting to conserve

of Tennessee, Knoxville, TN 37901-1071 and Soil foliage Ca. Recent work by Bockheim et al_

Scientist, Soil Conservation Service, P.O. Box (1984) also raised the concern that excessive

445, Swainsboro, GA 30401. removal of Ca from some soil horizons by uptake
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by oaks may exacerbate the sensitivity of soils Table l°--Vegetational characteristics and major

to at_nosphericdeposition, species at two study sites in southwestern
Illinois. Data are from Rosson (1981).

Substantial differences occur among species

in the amounts and storage locations of Ca within

deciduous _pecies (Rodin and Bazilevich 1967,
Structure and Alexander County Union County

Duvignea,_d and Denaeyer-DeSmet 1970, Johnson and Composition Site Bite

Risser ]974, Alban et al. 1978, Jones 1980).

Because of the affinity of oaks for Ca, their StandBasal arealI/ 21.9 24.2

abundance and distribution are likely to be major (_ ha'l)I/
StandDensity-- 748 868

factors in determining the quantity,

distribution,and cycling of Ca in mixed hardwood ............7oofStandBA............

stands such as occur in the Ozark Hills in Acerosaccharum 2 3

Illinois. The current study was undertaken in Carya_ 4 5Car_ ovalis 4 3

these forests to establish the comparative roles
Carya ovata 2 <I

of oaks and several other hardwood species in Fagus $randifolia <I 2

calcium storage and distribution in these Fraxinus spp.2--7 2 <I

fores tS . Li____uidambarstxraciflua <I 3

Liriodendrontulipifera 2 2
._uercusalba 29 28

_Q_rcus rubraSTUDYAREA 8 6
_s ste1lat__a 2 <I
u.___cus velutina 30 27

Forests at two locations within the Sassafrasalbidum 2 3

unglaciated Ozark Hills of southwestern Illinois Other Species_3/

were studied. This Division as defined by

Schwegman (1973) has a maximum elevation of 340 I/.Including stems > 27.9cm dbh.
--/Includes both F.--americana and F.._ennsvlvanica,

m, local re![ef of up to 60 m, and very steep, l/ot_erspecies_i-$f_ A7...._um, _ a_bo_e_,!arp_nu__
wooded slopes (Harris et al. 1977). Upland soils __ linian____a,.... _ cord[formis, C. t...... C. t.....t.......Cercis

canadensis, Cornus florida, D'¥os_ vir_in--iana, Ju_-aans ni_, Ma_Fnolia

are predominantly Typic Paleudalfs and Typic acum___inata_--_Morus rubra, _ s----___Ivatica,Ostrya vir_ini-----_7____a, Platanus

Haplualfs. Soils on uneroded ridges have formed occidentalis, Pr ...... erotina, Q .......... cci .... _. m_!ehlenber$ii R_....

in loess _6 m deep and are well supplied with _, Tili..... i.... Ulmus--al-a-_a_a,U..... i....a, U. rubra.

pla_t _lutrients, except N (Fehrenbacher et al.

1967). Soils on steep slopes may have cherty

contents of 85-90% within the profile and only increase the number of species sampled, which

medium fertility. Precipitation averages 120 cm accounted for 75 percent or more of the variance

per year, albeit local summer droughts may occur, in nutrient concentrations (Jones et al. 1980).

iii_ and the mean frost free period exceeds 200 days Foliage and branch tissues were obtained fromper year (Page 1949). branches harvested from sample trees; bole wood

sampleswere collectedby incrementborerat dbh;

_ Species composition, basal area and density bole bark was collected by removing sections from
_f (table l) are typical for early mature and mature the bole at the same level.

f_ests in this region. Oak and hickory species
predominate in upland forests, although many Samples were oven-dried at 70 degrees C. and

arboreal species are present (36 in the study ground with a Wiley Mill to pass a 2 mm mesh

areas). These forests include the salient screen. Oven-dried samples (0.5-0.7 g), weighed

characteristics described by Braun (1950) for to the nearest 0.I mg, were digested using

forests of the Western Mesophytic Forest Region. nitric-perchloric acid (Smith 1953). Calcium

concentrations were measured by atomic absorption

Twelve tree species were sampled for spectrophotometry using a nitrous oxide flame. A

nutrient concentrations in five tissues (foliage, 5% lanthanum solution was added to all samples to

branch wood and bark, and bole wood and bark) reduce interferences associated _¢ith Ca

between late August and mid-October, 1978. For determinations (Perkin-Elmer 1973).
abundant species, a total of 20 dominant or

codominant trees per species were sampled from or Biomass pools were calculated using

_ear randomly distributed permanent plots equations developed by the allometric method for

established during previous mineral cycling each species (Stortz 1975, Myers et al. 1976,

studies. For species which were abundant at only Raisanen 1977). The equations are of the

one of the locations, ten trees each were nonlinear form:

sampled. Samples were collected only from

branches occupying the lower one-third of the Weight (kg) = bo . Dbl • Hb2 where

canopy. Branch canopy position, although bo, bl, b2 are constants, D is diameter at breast

statistlcaily significant, usually accounted for height (137 cm), and H is total tree height. The

four percent or less of the total variation of equations were developed for trees > 15 cm dbh

foliar nutrient concentrations (Jones et al. which was the minimum diameter for tr_es included

1980); resources subsequently were allocated to in this study. Scientific nomenclature follows

Mohlenbrock (1975).
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RESULTS decreasing order by Q. alba_ °c_ rub ra, carya

glabra, C. ovata, Liriodendron tulipifera and

Tissue Concentrations Fraxinus spp. Biomass distribution among tissues

for each of the species was bole wood >>>> bole

Calcium concentrations given in Table 2 bark >> branch wood > branch bark > foliage,

varied considerably among both species and except Fraxinus spp. which had more branch wood

tissues. Members of the white oak group which than bole bark. Distribution of biomass among

are abundant in these forests (table i) had tissues for all species was: 60-77% in bole wood,

relatively high Ca concentrations for most 13-20% in bole bark, 5-18% in branch wood, 1-7%

tissues (table 2). Red oaks (_uercus rubra and in branch bark and 0.6-3% in foliage.

Q. velutina) of similar abundance had markedly

lower Ca concentrations in bole bark.
ALEXANDER CO. 81OMASS 160 t ha'l

Table 2.--Mean Calcium concentrations (mg. g-l) []8.......

in tissues of twelve hardwood species in o ,,o-_.J.o_,o,o,_ E_°'_°_k

southwestern Illinois. b._°_;o_,,c.... ,, B _roo_ood
c. _nc_udesF, americana

oddF.j°_g []s,oo_hb,,rk
--Branch....... Bole.... m _a_age

Species Folia_e Bark Wood Bark Wood L tuliplfer=-- -- Q; alba
80, Q, ve_utino Q b 5 (3%)• ru r°

Acer sacchaum_ I/ 15.4 25.9 2,5 27.6 1.88 _ 70. .. a _:raxinu,s____p.c

_ra__ 2/ 18,9 32.8 3,3 24.7 1.60 _Om 60'
Carya ova ta-__/ 19,3 41.9 3,6 30.1 2.10

0 50,

Fa_us _/_and ifoiiaI/ 8.0 22.4 1.7 25.9 1.37
18.3 11.5 1.2 30.9 0.97F_axin_ss_p C;--- i/ _ 40

Liquidambarr s__yraci flua: 13.2 29.1 i. 3 23.2 l. 27 _ 30'

Liriodendron tulipi fera2/ 21.5 11.5 1.0 9.0 0.79

__uercus -_-_ 2/ 12.7 27.7 3.9 66.1 1.15 _. 20.
_q}!ercus / 2[.6 0.86 Xrubra -- Ii.7 24.8 4.7 _ 10.

Quercus stellata I/ 8. i 27,2 3.6 83.4 2.13 _ 0

quercus ve lut ina 2/ 8. 7 26.5 4.8 3 I.7 i. 16 TISSUE
Sassafras _m-- 2/ 12.7 4.9 1.1 3.6 0.36

--i/Speci..... pled at one location; N Size = I0 t..... Figure l,--The distribution of biomass among
2/Species sampled at two locations; N size = 20 trees.

major tree species and tissues within species

Concentrations of Ca were highest in bark of in upland oak forests in southwestern Illinois°

all species except Liriodendron tulipifera and

Sassafras albidum, where in each case foliage Calcium Standing Crop

concentrations were greater. Bole bark

accumulated relatively high concentrations of Ca The total Ca standing crop averaged 1431 and

in all species except S. albidum and Liriodendron 1445 kg • ha -I at the two sites. The typical

tulipifera. Especially apparent was the large distribution of Ca standing crops in decreasing

accumulation of Ca in stem bark of Q. stellata order by species as illustrated.by one site was:

and Q. alba. These are 163 and 109 percent Q. alba, Q. velutina, Carya glabra, _. rubra, Co

higher than the next highest concentration which ovata, Liriodendron tulipifera and Fraxinus spp.

is in J_ velutina. However, for these species, (fig. 2). Estimates for _ stellata are not
branch bark concentrations were not appreciably included because separate allometric biomass

greater than most other species and were less equations are not currently available° The

than some. The relatively low foliage decreasing importance of each tissue as a Ca

concentrations of Ca were also in marked contrast reservoir followed the order of: bole bark >>>>>

to high bark concentrations and to concentrations branch bark = bole wood > foliage = branch wood

in foliage of several other species. In these (fig. 2). Bole bark of all species was an

forests hickories also accumulated Ca in certain important reservoir for Ca, but was particularly

tissues, especially foliage and branch bark. important for storage in Quercus alba and .9.

velutina. Proportions of total Ca storage in

bole bark varied from a low of 58% in both Carya

Biomass species to a high of 82% in Q. alba. Relative Ca

storage among tissues ranged from 58-82% in bole

Total biomass, which includes complete tree bark, 7-26% in bole wood, 6-17% in branch bark_

minus stump (=30 ca) and roots, but includes 2-6% in branch wood and 2-6% in foliage,

leaves and branches was 155-160 t • ha -I. depending on the species.

Neither biomass nor tissue concen'tration

differences were significant (P<.I0) between

locations. Biomass of individual species ranged DISCUSSION

from 3 to 63 t. (fig. I), and its relative

distribution among species as illustrated for one Calcium Concentrations

study site generally followed the same pattern of

basal area (table i). Q. velutina contained the Concentrations of Ca in bole bark determined

largest proportion of biomass followed in in this study for Q. stellata and Q. alba compare
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,_-I differential uptake and storage of Ca in oaks°
well _'ith the values of 90_2 mg _ g reported by

Johnso_ and Pisser (19'74) for {_:_,stellata i__

Oklahoma. Calei.um eoncent rat £.ons w_[i_&_"_-0-]-{J--i_g. S p e c i e s i n t h e w h i t e o a k g r o u p

S -I and &3 } mg g-I fo_ o_,_ter a__d i,sr_er bark, (Leucobalanus), j_ alba and J_l stellata in this...._ _ _

study and _t stellata in the Oklahoma study have

_._{{>_<<> <o_._,_>_o<_o__ _{_:_. greater Ca concentrations in bole bark than

species of the red oak group (Erythrobalanus)°

'__'_"..................[_]_.............. This seems to indicate different accumulation

7,;'T_< _ .................. rates and physiological attributes between the
..........................D_ .............. two subgenera°

_0_I9_:_<:_:__{*,.'_'_ _, The large difference between branch and bole

_, !_:_=_ _i_::__' bark concentrations shows that large amounts of

'_ ! "_.................._ ........._ i,_=_ Ca are irreversibly accumulated in the bole bark

of the white oaks. Initialaccumulationof large

_ _ amounts of Ca in bark tissues of ___alba and Qo

{!! _ stellata could be associated w i t-_h

% _ retranslocation. Calcium retranslocation has

_ :_o _ been demonstrated in _t_prinus (Ostman and Weaver

_ ].982) and perhaps occurs in other members of the

Leucobalanus. However, a mechanism for phloem

*_ transport which involves the movement of Ca

Fig_,_re 2.--The distribution of c_]cium among released from phytin (Suteliff 1976) and active

major tree species and tissues within tree transport would function only in living

species in up],,and oak forests, in southwestern components of the bark (Zimmermann and Brown

_li_1ois, 197i). As phloem and perhaps other bark tissues

undergo senescence_ Ca would become irreversibly

r_spec_Ively_ for red oak. species in the Delta sequestered. Similar processes may occur in

regl.o_ of Lo_;islana (Choong et al. 1976), and 32- branch bark tissues, but the much larger :ratio of
-I

34 mg _ _ ' in _b_lgi_m Oak _._ _ (D_avigneaud and non-living and senescent to physiologically

Dem_eye.r-DeS_et _97.,!). B{_t i_ an oak-plne forest active tissue in boles would account for their

i_'_the e_._:_er_ [!_"_itedStates, concentrations in higher Ca concentrations_ The development of

Q. <_,Ib__a_d (i_ coeeines were m_,_ch lower_ 215.0 and such a mechanism involving retranslocation would

]__75 _[g _ ii%?_ ..............r_[7_e_ctively (Woodwe[l et al_ indicate substantial physiological differences

[975)_ among oak. s a_d its occurrence should be

investigated.

_,_,:_vera]. factors _ay be related to high

eo_ce:_t r_t ions o f C_-_ in bark i._°_cludi_"_.g

eontaminstlon by airborne par_iet_{ates, soil Biomass and Calcium Pools

n_trien_: stat,._s, af_d physiological attrib_._tes

0epos:I.t[o_ o:_ dust eo_trlh _._es significant Mean total above ground biomass for the

_r_ounts of __u_::r[e_ts including Ca to these seven species is at the lower l.iraits (150 to 300

forests (_eaver_ _._publIshed data)_ a_d t - ha -I ) (Rodin and Bazi].evich 1967) for

u_doub_.ed_y so>e s_._rfa_,e dust coota_'_[r_at:[on of deciduous and broad-leaved forests, but it is

hark o{ct_rs. Eowever, the large differences generally about average for other oak and oak-

be_owee__ Ca <::o_cer_:ra_.i.o__s i_'_[:>ark among the hickory forests (Duvigneaud and Denaeyer-DeSmet

var:Io_._sspeeies s_gges_ _ physiological bas:i.s_ ].970, Monk et al. 1970, Art and Marks 1971_ Rolfe

et al. 1978). Biomass of the Illinois stands is

Oak bole biark Ca co_centrations may be an underestimated because only seven species were

[mporta_t indicator of soi.l.Ca status with luxury measured and stems < 15 em dbh were not included.

<:onsu_i'_t::_on by the trees increasing Total above groundbiomass of these stands is

proportionally to soil Ca availability, as estimated to be 200 t .ha-l_
sugge.stied from several st:t._d[es_ For e×ample, the

Oklahoma post oak-blackjack oak :forest, studied by Calcium standing crop values are within

....loh_son a_d Risser (_970) is growing on a ranges of other studies in oak and oak-hickory

llme.:_o_>_ _o[I. Calcium nodu]oes are present in forests (Duvigneaud and Denaeyer-DeSmet 1970,

{:he so]u_ at the so_._berr_ llli_ois sites (Harris, Rochow 1975, Rolfe et al. 1978, Henderson et al.

cited in Luv_ll 1.9761) and at the W_vrei. lle forest 1978). Johnson and Risser (1974) reported higher

in Belgiam (Duvignea_d _d De_aeyer-DeSmet 1970). biomass estimates and Ca pools which were three

Althov_gh _o information is known for the soils at times greater than this study. Their large Ca

delta site in Lo_isfana (Choong .fi_,t.!}[,_._j1976), pools are a combination of high Ca concentrations

lertod_.c nutrl.e_'_t flushes from flooding may occur in _ stellata stem bark and the occurrence o.f

[n th$_s region. The oak-pine forest _o[I at 77% of the stand biomass in this species and the

Brookhaven is k__own to be droughty_ acidic aad inclusion of smaller size classes in
nutrien, t poor (Reiners 1965). These reports measurements.
indi<:ate that soit nutrient stat_,_s nftuenee
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Species composition of the forest is an major Ca sink. Many past studies have included

important factor determining nutrient mass and bole bark tissue with wood when determining Ca

oup distribution because species accumulate nutrients
_his differentially within tissues. For example, in Table 3.--Comparison of Ca: biomass ratios--a/ for
have these forests the mass of Ca is closelyrelated forest types•
_han to the abundance of oak species, especially

us), members of the white oak group, due to the Fo_est_ Location Ca/Bi .... s x IOO0 Source
tion concurrence of high Ca concentration and large

Post Oak-Blackjack Oak Oklahoma 20.1 Johnson & Risser 1974
the biomass for the same tissue. Conversely, Oak-Hickory IllinoisOzarks 9.0 Weaver& Jones

hickories contain lesser amounts of the Ca (thisstudy)

becausethey accumulateCa in tissueswith small Oak-Hickory ShawneeIllinoisHills, 8.3 Rolfe etal. 1978

bole biomass. The three oak species contain most of

s of thebiomass(83%)andCa(85%). Oak-Hickory WalkerORNe,TNB....h 8,0 Hend.....n et al. 1978

bark Oak-Hickory Coweeta Hydrologic 6,0 Henderson etal. 1978Laboratory, NC

argo It is evident in Figures I and 2 that the Oak-Hornbeam-BeechBelgium 5.6 DuvigneaudandDenaeger

_d_ biomas_ distribution within a species is Oak-pine BrookhavenNational5.1 Woodwelletal.1975
ith dissimilar to the pattern of calcium storage. Lab.NY
has The important factor is the reversal in Oak-Hickory CentralMissouri 4.9 RochowDeSmet19751970
aver importance of wood and bark. Woody tissues which Oak-Ash Belgium 3.5 DuvigneaudandDe_aeger

the comprise most of the biomasshave low calcium D_Sm_t1970
loe_ contents,while bark tissues(especiallybole Northern Hardwoods Hubbard Brook E×pt 6.7 Whittaker et al, 1979Forest, NH

f Ca bark) contain such great concentrations that they Aspen Minnesota 5.1 Alban et al.1978
tire contain a disproportionally large amount of total Whitespruce Minnesota 4.8 Albanetal.1978

_ing treeCa. Similarrelationshipsexistforother Jackpine Mi.....ta 1.4 Albanetal. 1978

town studies of oak and oak-hickory forests cited in Jackpine Canada 1.2 Foster&Morrison[976Red pine Minnesota I.i Albanet al. 1978

_sues this study and for non-oak species (Alban et al.

_ibly 1978 and Lambert et al 1980)• Therefore the eoblolly pine NorthCarolina 1.0 Switzer& Nelson1972• Douglasfir H. J, Andrews 1.0 Hendersonet al. 1978

r in importance of bark cannot be overlooked as an Watershed, WA
_O of essential Ca pool in a variety of forest types. !/Ca=biomassratio= (stand. haSl-/-_C£ndb[omasskg, h-a-_) X i000.

ally
heir Oak forests accumulate large amounts of Ca, pools which obscures the significance of this
_t of a concept reflected by this study, which shows tissue as a Ca sink. In this study, _alba bole
rould the importance of oaks in storing Ca and bark contained 82% of the white oak Ca pool, but
._nces identifies bole bark as the principal sink in the bole wood contained only 7%. This shows the

he forest biota studied. Table 3 shows how oak importance of bole bark which represents only 16%
composition, abundance and species differences of the biomass in ___alba. Non-oak species are
affect Ca storage in various forest types• The less important Ca sinks in these forests because
Ca/biomass values are ratios of Ca to biomass in their total biomass is relatively small and

kg ha-I multiplied by i000 to provide easily highest Ca concentrations often occur in tissue°

comparable values for different forests. Ratios with limited total biomass.

the are generally higher for forest types with oak
300 present• The Brookhaven oak-pine forest is a Our results indicate that return of bark to
for good example of the influence of oaks on the Ca sites sensitive to Ca removal would be more

t is storage of a forest. Pine forest Ca/biomass effective than dormant season harvest in
oak_ ratios are generally near one, but the presence offsetting the losses from harvesting oak
Smet of oaks, especially Q. alba increases the ratio forests. Additionally, any factors such as

_olfe to 5.1 or more. l_termediate ratios for northern selective removal of oaks, regeneration
hardwoods, aspen and spruce reflect their harvesting, fire, other perturbations or natural
relatively high Ca content in bark. Conversely, stand development which alter the proportionalwere

uded_ the pines tend to have more Ca in wood than bark, composition of white oaks and biomass
but the levels are low in comparison to oaks and distribution among tissues will effect

many other hardwoods• concomitantchanges in ecosystemCa storage.

Lthin SUMMARYANDCONCLUSIONS ACKNOWLEDGEMENTS
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Concentrations in tissues of red oak species are Progra_.

not notably higher than for many no_-oak species,
but total Ca accumulatiomis large because these

species are a large proportion of total forest
biomass. Further, the distribution of Ca among
various tissues is an i,_portant factor in

determining its total mass in forest stands. For
oaks (and many other species), bole bark is the
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