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ABSTRACT

? b
Cyching patterns of nitrogen and phosphorus and their relationships to vegetation and
- ¢

.

soil characternistics were cxafnmcd in cighxvupland coniferous stands near Hondo in écn;ral
f\]t>crx;|, The stands represented three forest types: jack'pinc/lichcn wooql‘aﬁd:‘closcd éanopy
'j.‘lck mne forest with green alder and l'cmhcrmoss;. and spruce forest with codominant jack
pinc :xrﬁl‘t'cathcrﬁum grotxndco»'ér.’ Each sla’nd was characterized with fe%pcc'l to: age

-

slruuurc of tree speges, xml prohlc dcvclopmcm micrqmorpholog\ of sclcctcd s(m hotirons;
r*n

quantity and d&trﬁ}gﬂ.@ of sccondar\ iron and alummum and morgamc p fracuons in the

S0il proﬁlc. accumulation of C, N and organi¢ P in LFH and mmcral soi j
: . Al

oy . .‘ E " . Pl . ' B
resorption of N and P pn(ﬁ 1o leaf abscxssnon; annual and scasonal productiori of various w’

litter components; flux of N and P in Imcrfan and turnover of ‘N and organic ?\n LLFH and

'

mmcral-sml I)ccomposmon rates ol major litter types were examined in the laboratory.

« Age structure analysis of the cight study sites and 26 othcrrslandssuggesm} Lt?-al.
although successional procésses‘appcarc’d to be acuve-in all slaﬁds. the dominant species on a
'suc' vaned litde over the'life of a stand implying that vegetation patterns fem‘;ainﬁgbfcl_\'
slauc- aQver many fire cydcs.’ Di}fcrcnccs among soils in the distribution of cléx', and secondarv
iron and aluminum, and-in profile weights of various forms of P, appcarcd to reflect .
hmonéal dnﬂ”crcmc« in vegetation. oo - :

Numcm culmg paucrm dlflcrcd among forest I\pes apparently aga result of | ,

'hmomal as wcli as present d1ffcrcnccs in vegetati®n, RC]dUVC to other forest t)pcs
'pmc/luhen ta(ands hdd ]o»\ fevels of accumulated N and orgamsP in LFH and mmcral soil, - ;'“
and mwcr N mmcraluanon and flm of N and P in litterfall. These stands appearcd to be N
hmmd parmularl\ lhOSC n whxch green aldcr was absent. merfall nutrient flux and N
mmcraluanou were hlghcst in pine/alder forest and these stands appear 10 cycle both N and P
1hrough the coxl more rapidly than other vcgelauon types. High lcvels of accumulatcd Nin

mlx txncath spruue \tands supporled h:gh litterfall N flux and’ mineralization rates despue

rclauw:}\ slow cw.lmg through soil. Turnoxcr of orgamc P in thesc soils was rapld relative to



N, implying that spruce stands mav be P’limited. ' .

Nutricnt allocation and c,\‘cling patterns of individual spccw.\ appear 1o be determinad

by genetic factors such that responses to changes in site fertility are expressed in bmma\\

-
pmducuon but not in fohagc or liner nutnem concentration. Nutrient ¢veling p(mcm\ are

thcrcfo,rc controlled primarily by the relative abundance of species within a stand: A

hypothetical m(xiol s prcscnlcd which explains the apparent stability of veget aton, voil and’

- A
nutricnt cvcling mw:rns in terms of feedback loops cowlcumg fire trcqncnu forest tvpe,
forest floot characteristics an\sml fcruln) and proﬁlc development . , «

. 'y -
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/ ‘ .1 I!\'T-ROI)UéTlO.\'
The hirst wal‘gf this research program, as it was orxgmall) congeived in the bprmg of
l%’, wis 10 ex .xmm; nitrogen cycling in a series of clands representing points along an
“ ccological gr'adicnl. ® that differences in c_vcling patterns could be related 10 known ecological
“differences between siles. This objective was based on the impres.sion that many ‘nu.[ricm |
cyc‘ling s\‘ludics rcponcd in the literature were empirical in nature and did not providc much
information rcgardmg controls on cychng pallcrns al an ccosvslcm level. Rcscarch on factors
comrollmg N d\namxu. had gencrally cxammcd a smglc process “such as lmcr dccomposmon
I oor resorption from foliage pnor Iobabscwsnon. ‘often wnthoul linking proccss‘cs together in an
| écosysicm context. In c‘on;fast, theoretical treatments sugges;ed’lhat’nulrieni cycles are .
~.controlled by Feedback mechanisms which result in corrclalions between quantity of nutrients
. cveled and site fertility, bul in most studies causal processes., werc ot s,pcufxcall\ cxammcd It

was apparcm howcvcr that the h\ pothcsncd fecdback mechanisms werc related 10 hnkage

bmwccn mdxwdual processes: nutrient avallabxlm may control numcnl rcsorpuon from

N
folngc prior 1o lcaf abscission: resorpuon may control litter nutricnt. lcvcl'

FAR

levels nihy control decomposition ralCS' dccomposmon‘ raies may, tonuoi-

“from litter dnd their a\axlabnhlv 10 pianls Plant species may dxffer m numem dcmand and

. It
allomuon patlerns or in ')roducuon of secondary compounds such as tanmm and mav dlffer

\\)m the quantity of litter produccd and its resxslancc to decOmposmon “The second gcneral goal
of lhls research progra\ lhcreforc 10 examingc the 1merrelauonsh1ps‘ betwe'en N~

avanlabnhl\ foliar and litter N levels, N resorption from foliage, and N flux in litterfall in .

stands danrmg in spccxcs compomuon o ‘ o .
. ' i L. 59

{ . v &

" Four stands, estabhsh‘cd near Hondo. in central Alberta, as part of the ongoing ‘

_»‘S}-IAI)YN‘ rescarch program (Figure 1-1), appcarcd 0 prgﬁdc an opportunity. for restarch
-addressing Ihp general objectives indicaléd above. These stands occupied upland sites in an
. [ § N .
arca of sand ridgés of aeolia‘n origin, and werc_.ecologicall_\' equivalent vi,n terms of
macroclimate and cdaphic condmons Thc stands represemed stages of a successxonal sequcnce

consmcnt with the prcw ailing view of successxonal developmcnt m forests of cenlral and



. Mot t

p) \
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)

Figure 1-1. Locations of the eight ‘SEADYN reference stands. and the four ,s'.‘t-:;nds'(ll}N) /
“established specifically for this study. This research is based priméril_\'o'rf data '

collected in stands 1, 2, 3,4, 11, 12, 13, and 14.
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northern Alberta ;“'bi’nc'_/luichcn- woodland succeeding 10 pinc/alder/fcathcrmoss forest followed

+by white spruce/balsam r ir/f cathcrmoss sub -¢limax or clxmax forest. Thus the four slands

Ve . ~

appeared (0 rcprcscm points along a successnonal gradient and the specnﬁc réscarch objecuve

of comparing N uclmgpauerns between seral stages was adopted. ‘ ' #
During the summer of 1982, the Tour stands were equxpped 10 ml;lmtor N flux ih

’ lmcrlnll and prccnpuauon below the tree and shrub canopies. Samples we,rc collecled for N

laboratory analy-sis. estimation of total N and N mincralizalion capacily in the forest floor

(LFH) and mmcral soil horizons. Qucsuons arose regarding successional rclauonshxps among L |
the stands when preliminary soil characlcmauon mdxcaled that soil deg mem dll"l"ered v:
bclwu:n sxles l was rcasoncd that, if seral status of the -vcgclauon was the only parameler

which vancd between sites, soil dcvelopmcm should be the samé in all locations, On the basxq

of these obscrvauons the rescarch objcctxvcs were divided, with one aspecl of the program
cxammmg the CLO]OgICal rclauonshlps ‘among stands with respcct (o3 succcssmnal smus and

soil development and lhc other aspect examining N cyclmg pa[lcrns Consxdcrauon ofsml
.

dcvclopmcm mtroduced ‘concepts of changc in soprhosphorus chemistry with pedogenes’ls\ and

Q. N *
ot

the nutrient uelmg objccuves were expanded to include P dynamics in l'ohage Imerl‘all and
.

o

soil. l-our ncw stands were established in 1983 10 enlarge the dah%so that the research

‘ Oll)er asp'ects. of the SEADYN program, are .included in‘h:c:lxaplers 2 and 4 of lhis lhesla. \\
In view: of lhe two distinct aspects of the research program, the thesis.is organized - - . '
into two part< Earl l deals with quesuons relating to ecologlcal relauonshlps among stands
-and contains mlroduclOI‘\ malenal including a discussion ol‘ general site condmons a chapler
"- dealing with tree: agc structurc in boreal mixedwood stands; and a chapler exammmg profile
| development of smls in the exghl Hondo stands. Part 2 deals with various aspects of the N RN
and P cyclmg“’mscarch including: litterfall dynamics, litter decomposition, N mineralization

and N and P cycling processes, All chaplers were writlen as relatively m.dependenl papers,

cach uuh its specific objecuves During th\penod of this rescarch, a working hypothesis was



dcveloped from interpretations of collccud dala and ficld observations, ang hitcrature review
as a basis for orgamung idcas and hypothcses rcgardmg,nmncm dvnamicys in boreal

: comfcrous stands. This dnagrama‘x-m.modcl hypothcs:s is presented in"the last chapter and used
‘ . ' . 3 sl >. B Iy
to.synthesize the results of the enfire research program and. 1o identily futuperescarch

objectives.
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A(. SIRUC'I URE AND THF \AIURP OF P\,AB\'T SUCCESSION

2.1 Il_nlruduclijon
Conccp'l.s‘of plant suecession after fire, lcadlng from pin or aspen dominated ééral

forest mwé&l white spruce climax cqmmunilicéf. were developed in\ the cérl_v pulblish'cd

idccscripuon.s of vcgctvalion,in northern Alberta and adjacent areas ol\the Northwest Territories

e uLR:mp 1946, Moss 1953), Sincc that time; successional rclationships zl)mong thesc prom-incm
lorcsl types have not been specifically examined in the boreal reglons‘ of Alberla The paucrn«
of vcgctauon Lhangc ongmall) proposed appear, however, to have achieved a degrec of
géncral aucplancc and allhough seldom dcscrlbcd in dclaul arc often alluded to’ in gcncral
vegblation descriptions (Rowe 1972 Kab1cm& et al.’ ]976 Strong and Leggal 1981).

| “ln the Hondo arca, casual obscrvations of stand structure and species composiliorl ‘

" tend 1o support lhé’r,-Yic“' lhaljaclﬁ pine/lichen woodland represents an carl,\'vsggl stage which
leads ”to_a grédual transition to plne/aldcr/feathcvrmoss forest and .evcmuall‘y:.;‘,g vl/hite,
spruc"é/balsanl fir/feathermoss communitics. All stagq;ejﬁ this progression are commonly
»obscrvcd in the mosaic of vegetation col/ering the landééape including voung jack pine (Pinus

gnkslan Lamb.) stands with lxchen (mainly Cladina spp.) groundcover and scattered alder;
Aoldcr pine sland< with aldcr (Alnhs crispa(Ait.) Pursh.), with fcathcrmosscs (mainly
Pleurozium schreberi (Brld.)lell ) beneam l”ormmg patches in the.lichen dominated areas;

«

mature jack pmc forest in which alder palcl\“slhavc coalesced 10 form, wxlh small white of -

black sprucc (Picea glauca (Moench.) Voss P manana (Mill. )B S P.) a continuous shrub

Lanop\ and a feathermoss ground cover, and older spruce stands wnh large, decrepn jack

~pine, no aldcr and a continuous feathermoss (mainly Hylocomium splcndenq (Hedw. )

B.S.G.) layer. On’the basis of these sorts of observations and on literature reports, the

successional sequence outlined above became a basic premise on which the Origi'ﬁz;l,\objccti;ves

o this rescarch were founded. ‘ S

' . { . o ' -
Questions regarding the validity of the assumed successional relationships among:

forest types arose in the summer of 1982 because preliminary sampling suggested that soil

- .
A - . . Co



promc dcvclopmcnl differed between forcsx Iypes, 11 xs gcnerallx aucpud 1hat soil :
development is a slow process in northem regions, requmm. hundrcds or thousands of vears
for maJor alterations in soil homon« m oceur, In Lomrasw plan( snucwon in the horc.nl

forest 15 cxpccted 1o be rclauvcl\ rapid b(.uusc stands are normalh dcsxrmcd by tm at

L )

mler\als rarc)\ cxceeding 200 years (Hemﬂclman 1981). IT plant succession is cveheal, \-.nh the

[

vcgctanon of ccologncall\ cquwalcnt sucs (dramagc mpograph\ cle.) Iollowmg ‘the same

"

cycle bul rcprcscmmg dxfrcrcm Rucccssmnal stages al any given time, soils woum h W

dcvclopcd undcr lhc samc vegetation rchme on all sites and therefore horizan dcvclnpmcm :
J

would not bc cxpecxcd to dnrrcr among forest upu

Three alternative cxphnallom could accotm( for thc association of specific I()rle
/ Ty

v pes wnlh specmc 50il promc dcvclopmcm l_) the snlcs obscrvcd were not cc‘ologlcallv

4

“ equivalent in terms of chmaw topograph\ parcm matcnal o1 momurc regime, such*that
dnffcrc \ces in sonls and vcgctauon charactcmms bcxWecn sites rclalcd 1o overall dlﬂcrcnu.\ in

site condmons 2) succcssmnal vcgcxauon changc did not follow the expected pallern such that

Lo

the hlS[QnCEll \cgcmnon rcglmc differed- among sucs and 3) sonl development did not differ
bctwben suc:a and Lonc]uslon% bascd on prcllmmar\ samplmg wert in error. The hy pothesis of

~ lack of ecologlcal sxmllam\ among 51{0\ Was rc;ccud for the followmg reasons:

1. All sites were ‘withir ‘arl 8 km radnus <uch lhal macrochmalc differences among them were

“

3 Air phow anal\sxs mdualgd Lha* all >|lcs were located on the same landlorm which was

L an ancncns glamal lakc dcl(alc dcposn modmcd by aeolian processes (St Ong 1972

Gs

) ‘:,'._iRoad profdc SUI‘VCVS couducwd at the time of thc conslrucuo,n of H'Sh“”ﬂ 2, Wh"“ runs
: adjaccn( 10 moq sucs md:calcd that all slud\ arcas were on the (u/ppcrmosl terrace level
:“-",\,, ‘ abovc lhc Alhabasca RWCI‘ Wthh WBSC%“ that the land surfaces were of cqual age

4 ‘-All sites cxhlbllCd undulalmg lopographx with subdued slopes 1y plLdl of acolian
A’"iv;,ilandforms in the’ arca arid allhough sites dlffcmd in overall slope and aspect.

e differences were not consistent within forcst types. ~L.i:: o :

57 ”Waler table depths, measured in prs, were found to IaH wuhm the samc ranga of . S



eam In all sites.

' . .. . ", s )

. Clay lenses, which 'h&" béen observed in sandy soils in central Alberia (charsgaard».
S A

1977) aml which mayv influence site Londmons b\ causmg the dechopmcnl ol a perched

water tablc. were nat observed in soil profiles in any of the stud_v sites.

The nature of plunl succcssion. as reflected in smnd age strdcture, is cxamincd in this chapter

«.

- while a detailed dnscusslon of soil development on lbc Hondo sites 18 glvcn in Chapter 3

\LgC ation suucssnon ancr firc in the Borcal I'orcst 3chon of norlhcrn Albcrta was -

»
y

dcsmbcd in the carly hlcralurc (Moss 1953, Raup 1946) as a scqut.nnal process mvolvmg
' o

initial mvasmn b\ ]ack pinc or trcmblmg aspen with latcr ,cstablxshmcm of whue spruce and
pdssibiy. b,xls.\m Nr, and the cvcmual devel&#ment of a whue spruce chimax in. whuh pnonecrs

have died mn T his view o'l succession is consistént with lhc rcla\ Honshcs mOdel of bglcr

P

1954) and v.nn the facilitation model of Connell and Slatver (1977) In whuh pmnccr spccxcs

-

,amdnor.m Lm*umnmcmal Londmons 10 a dcgrcc whuh allows the: csrabhshmcm of lalcr

[

suuessmnal specics. 5 , L o -

“\n altcrnalu h\polhcsxs regarding sugccession, m thc borca] forcsx was deﬂcnbcd by

o~

H msclman (1981). who cites carlier hlcraturcsuggcsung that sﬁccxes composition in cmung
5 -y‘ xfand\ is slmlm 10 that of pre- Tlrc forcqt and docs not change subslannall\ (;xcr thc hfc of
‘ -'»lh( sland This pallcrn of sUCCessxon is-consistent wnh the-infuial fJorxstxc modcl of Fglcr
"'.( ]994) in “hmh SpecIes composmon is viewed as relatively static over time and dcpendcm
.“npon JhC ompoxmon of pée,,m ')opulauons which occuﬂ\ a site soon after disturbance.
o Auo.rdmg {o tmcw cha.ngcs n canobx charactensucc arise from relative dxffcrencm in thc ;.
‘,growlh raxex of dnffcrcm 9pcue< rather than from specm replacement.
| These modbh of successlon dlffer fundamentally in their predictions of timing,
‘-vduranon and pattcrn oﬁcstabhshm»m of dnffcrem species in a forest. In: thc Mixedwood
Scclmn (Ble) of thc Borca} !-oresl Region of Rowe (1972), if succession followed the relay
floristics moddel, ack pmc and aspcn would be expcctcd 10 be restricted 1o the oldest
age-classes in _ﬁ“_stand while whilc s,;{ruce,§hogld have increasing represemalibn in thq;ounééi '

[N

classes indicating gradual invasion an“cl_:cbrilin_ur;d reproduction. If succession followed the



inital floristics mod.cl all spécics would bé rcprcs‘cnlcd in llilh'oldc«;l age cldsses and have lower
abundance in vo'{xhgcr classcs Thc two modcls should ﬁcrcforc be dmmgmshcd by '

'

1 ;‘

,companng lhc agc dlsmbuuon of componen! spcucs ina eLand The objective of ttm research

t

was to cxammc age structures of stands in lh(' Hondo arca of central Alberta to- dcgernnuc

auributes. S o .

a

2 Methods A 3

" b ds 5

poplar. Six stands (S(a'n'ds 1.2 3,,4,5.6.) were reference stands established a part of ongoing -

cnoloycal rcscarch n lhc Hondo 'm:x four of whmh (smnds 1 2.3.4) were pan ol the
nutrient. cycling investigations associated ‘with This study . Four otherstands (stands
11.12.13,14) were established*as part of the nutrient cyqling research while the remaining 26

stands were selected spcciﬁcall_\' for a reconnaisance survey of age structure. In cach stand a

25m x‘25m (s&ands 11-14) or 50m » S0m (rcmaxpmg shands) arca was staked »m(o Smox Sm

quadrats 1o fauluatc sampling. Trees >’ 5 cm dbh (diameter Breast height, 1. 1m) within the
staked areas and smaller trees and sccdlmgs m 5 10 randoml\ sclcucd quad’rals werg cotmlui
to determine tree densityg In the rcfcrcme stands all Lreu >’ S cm dbh and in stands 11-

3@ trees of cach spccncs were cored using an. mcremcnt borer 30 cm abovc the ground to
dctcrmmc agc Thc remaining stands were samprcd ina more CUTS@LY manper by strablving
the tree populauon mlo 5 ¢m diameter LlaSSC‘\ and cormg a total of 20 trees per sland
distributed among the size cl.asses"accqrdlng to the numbcr of trees tn cach class‘ ln all stands,
cCiiimchrs of trees < 2.5 cm dbh and ,scgd}ings were recorded and several individuals, spanming -
the range of diameters, were collected, sectioned and aged in the laboratory 1o allow

estimation of age from diameter. Increment cores were glued to wooden holders in the ficid

S - . . -
and, after drying in the laboratory, were sanded with fine sandpaper and annual nings connted

~

Cw hxch modcl of smecession best- c\plams vcguauon chardctc‘hsncs tn the Boteal dewmx! T



L

under a disscctnrpg microscope. Ages were corrected Lo account for time requited to reach

L‘Orinp height (described below) and rccorded in 5 year age classes. The proportion of the\tOLal !

numhu of cores ina sland within cach class was muluphcd by stand dens\y to estimate lh&

dumu of lrtcs in each agc class , . : x

Young trees growing in a variety of siles werc harvcstcd to dclermmc the numberoot' \

\
\

\u;s rcqumd to feach cormg hcnghl (30 cm). lndmduals of deciduous species, jack pine and .

fwblack spruce were collected in the open.while those of white spruce and balsam fir Mre - ‘
coHected under a closed canopy so that lhc ages obtaired would be appropriate for the

: tondmons c\pcucd during the cstabhshmcm of each species wnhm a stand. Oncc the age

structure ddla had been collated it was apparem that white spruce t:ommonl\ entered a stand

,ammcdnalc‘\y lollowmg fire so that'correction factors obtained from individuals’ which became
" established under a canopy might be inappropriate. To inVcSligale this p'()ssibiligy',v 21 white

spruce trees growing in six stands and ranging in age from 5010 85 years, were uptooted and~”
" the root stock and lower bole returned to the laboratory for sectioning. Disks were cut at 3
* . B N .
=30, 45,0, -2, -5, -10 cm. with 0 cm indicating ground level, 'and sanded and annua) rings -

! counted 1o determine maximum and corihg height 4ges. | - CoN
2.3 Results - . o : e
 The mnal survc) of all trec species indicated that the humber of years requxred fbr a
ree 10 ruu,h toting hc!ghl ’40 cm) dxffered among Spcmes as f‘éllows trembling aspen 1
| balsam poplar and paper. berh 3, jack plnc 5, white and black spruce and balsam fir 9 TheSe
values were used in gcncraung the age stfucture data prcScnlcd in this paper. Subsequem
sampling of white sprucc indicated that maximum tree age often occurred 5-10 cm below
present ground level and ihax the time reqﬁired for this species t‘o grow to coring height van}cd
LOHSldCTabl\ between individuals both within and between stands. Age at 30 cm ranged from 8
to 29 vears with a mean of 12. 8+5 5 (SD) years.

Fire is gcneralh con\dered to be the primary cause of forest stand mmauon in bpreal

. rcpons (Hcmsclman 1981) Evndence of previous ﬁre in the form of/charred wood, fire scars



!
. W
\" & ' 1 0

\ 5,

\
on living trees and charcoal in the fofcsl floor and mineral son was Lommonls (‘bscrvcd in all b
stand examined. Rescarch on the fi \rc m\lor\ of the Hondo area’is ongmng and hns not been

' reported in this thesis. For the purposes of this study the timing 6f the fire which pritiated an

mcﬁ‘(dualjsland was interpreted from thc age structure dada. In burncd stands aspcn
gcncrally suckers during the first growing scason followmg fire and. therefore, the oldest
cohort of aspen was considered to mark lhc firc date. S:mu\arlv. jack pine gcnc;all\f becomes
cstablished abundantly only afier serotinous cones pave been induced 1o open b\ hrc such tha
‘Lhc age of the oldesl cohort of pine could be cxpccth wuhm the same age da\\ as the date of
the stand initiating firc, i .

. ; n
[N / R !

- The 34 stands sampled could be broddlydivided into six forest types obn lhc bzm's of
spemcs composmon and diffcrences in the ages of component species |, jack pnnc/lmhcn (6 &
st%nds Tablc 2-1); jack pine/alder (3 stands, Table 2-2); white and b’hfck spruce wuh
codommam Jack pine (6 stands, Table 2-3a.b); chmbh’ng aspcn with sudeminam sprucc (6
stands, Table 2-4); trembling aspen with codominant spruce (5 stands, Tablc -3). and whlu
sprucc wnth codommam aspen c}r poplar (7 stands, Tablc 2-6a.b). ln addition. a singic sland
was samplcd Wthh was domma{ted almost entirely by balsam fir and w‘huc spruce (bland .
Table 2-6b). - .

In jack pinc/lichen'woodland (Table 2-1) the oldest age classes w;:rc‘in\’ariabl)'
occupigd only by jack pine. Thesc; individualds generally occupied a block of 3-4 age cla.s.sc}.‘
indicéliﬂg that initial invasion after fifc occurred over a minimum period of 7-12 _vcar;. Slénd‘
1 contained several veteran trees' which survived the fire tha; initiated the stand and_, oc_cupicd‘
older age classes than the main group of dominant individuals. Slands I and 2 are in the s'a'mc »
vicinily and comparison of their age structures suggests that they were both burncd about 65
years before sampling and stand 1 was bumed again about 20 years later. [-stabhshmcm of

L3

jack pme in this foresr type has continued throughout the life of sland land 2, 10 a lesser

degree in stgnds 11 and 12, but in stands 21 and 24 occyrred only at the time the stand wits
-initiated. Individuals of other tree species in the pinc/licheh stands were, in genctal, few in

" number and much younger than the dominant pines. Pine/alder stands varied in tree species
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Table 2-2. Age structure of jack pine/alder stands
(trees ha"'), Species codes as in :

Table 2-1,

e e —— e T
Age Stand 3 . Stand 13 Stand 36
Class .

(yrs) J A W SF B J W J A W

2 0272 0 00 24 0 0 0 797 32

5 0 160 32 16 0 64 0 O 32 0 32
10 0 32 48 16 0 160 0 0 0 177 32
15 0 0 56 8 8 48 0 0 o 0
20 0 0 48 0 8 0 0 0 0

25 0 0 48 186 0’ 0 0 0 0
.30 0 0 32 8 0 0 16 141 0

35 0 0 5 8 0 0 0 113" 37

40 0O 0 6 O 0 17 16 1185 - 37
45 0o 0 7 4 8 0 0 113

50 33 0 3 17°0 35

55 33 0o 1= 137 32 - 0

60 44 0 5 341 .. 0

65 44 0 : 188 0

70 89 0 ‘ 0

75 111 0 / 0

80 311 0 159

85 278 12 53

90 167 12 70




Table 2-3a. Age structure of spruce stands with
; - 'codominant jack pine and trembling
aspen (trees ha"'). Species codes
as in Table 2-1.

-Age. ~Stand4 - " Stand 14
Class. - e —
‘Y‘s’vg%x;A" W S F P B g A W

2. ™0 40 40 0 B0 80 O : 0 0 0
5 0 240 120 0 600 0 00 O

10 .0 "0 .0 0 960 0" 0.0 0
15 0 0 .0 0 240 .0 00 0
200 .0 0 0 0 40 0, 0 0 32
25 0. 0., 0 0 40 0 0 0 32
30 0 0 0 0120 0 0. 0 64
35 00 0 0. 0 200 0 0o 0 0
40 . 0., 0 0 0 72. . 0 D 0 .0
4s 090 0 O 32 - O 0 .0 0.
50 6 0 .5 0135 =~ 0, 0o 0 0

" 55 0 0 16 0169 - 0, 0 0 123
60 0 "0 5 '0301% 0 0 .0.741
65 0 0 . 5. 0249 0. 0 0 494
70 0 0 5 0 322 7 14° 0 247
75 0 0 27 0 265 0 57 0 123
80 0 .0 67 18 122 . 0~ 142 304 -
85 0 0 11 0 43 0 57
50 -0 0 16 © 53 0
s 0 0 5 0 11 4

1000 0 0 -5 0 "0 ~0

105 0 0 11 0 .0 "

10 0 22 28 0 0 0

115 .06 0 34 0 0 o)

1200 0 _ D 68.18 0 0

125 5 0140 0 0, O

130 0 0 169 36 16 0

135 5 11192 18- 0

140 9 11 457 - 0

145 0 22 7

150 .0, ’

155 0

160, - 9 |

e
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.Table 2- 6a. Age structure of. spruce domxnated stands
(trees ha"'). Species codes as in

Table 2-1.
— W
Age ‘$ Stand 6 ' Stand 16 . Stand 18
Class . . ‘ .
"(yrs) A W F B A W P B A W P
22 40 -0 200 265 O 88 06 159 0 95
5 20 0 60 0 442 477 354,88 .. 32 32 0
10 0O 01400° - O 64-. O 327 0 20
15 -0 01600 -0 O 0 32 0.0 .
20 0 02200 0 0~ 0 0 0
25 0 03600 0o 0 ..-0 "0 0
30 0.0 2200 0 0 g 00
35 7770 - 072090 0 0 0 0 0.
40 0 20.269 0 0.0 ~ 0 200
45 0 4 2650 - 0 0 0 0.0
50 0 16 233 0 - _ 0 O 20 - 00
55 030 320. 0 O e 0.0
60 0.29 55 0 0 0 00
65 039 230 36 0 .0 0 .
70 </ 052 16 0 0 .0 410
75 013 00 0 O 44 0
80 14 7 130 0 0 0 0.
85 028 0°0 0-.0 v 83 0 .
° 90 011 00 0 O © 130 10"
95 028 00 0 78 1370
100 020 00 0 0 83 0
105 0 7 00 0 0 ‘ ‘0 0
110 044 70 Q 152 ° 0 0
115 0 53 8 0102 ; 54 0
120 14 53 0 0 120 . . 0 0
125 14 13 0 57 46 - - 0 0
130 0 20\ 8 0 ‘ 42 0
135 41 13° 8 R : .0 34
! 3 ; 0 0 34
0 - 0 )
0. 0
0 19
165 S 87
\
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‘ )
composition and age structure: (Tabl‘e 2:2). Thc agc structure of stand 3 followed Lhc pattern

_predicted by ~lhc scquéntml mvaslon model wrm Jack pmc and sqmc aspcn becoming

estabhshed mecdlalely al"lcr ﬁrc followcd by slo“ mvasron of whnc and black spruce about

30 vears latcr This pauern was followed in. sland 36 but npl in stand 13in whrch whnc spruce
bec ‘mrc cstablrshcd in small numbcrs soon aftcr sland rmuatlon . ;
In slands*wirh‘ white and/or black. spruce and codominant’ jack pinc most of the

dominant, specics becameestablished soon after the fire which caused stand initiation (Table

“2-3a.b). In general, jack pine and asnéjr"r'p‘ccurrcd primarily likl'llhin the 3-4 oldest age classes

© with suwcprcscnlauon al the seedling stage m aspen. A similar pattern was followed by

‘ wlmc spﬁ\&)m slands 14 and 34 with mgst individuals in; rhese stands occurrmg ina dxscrelc

!

o block in lhc oldcsl agc classcs In contrast, in stands 4 and 35, white sprucc became

R i

cstablrshcd mmall) al the same lime as aspcn and pm*e but continued 1o invade for 90 and 1”0

g [

5 years rcspccuvcl\ Black spruce bchaved in a manner srmrlar lo whnc spruce,, occurrmg only

.8
m the oldcst age. classes m some stands and more ev;:nl\ agcd in others :

A
' The mrxcd.slands of trembling aspen and white spruce formed a continuum of age

-

R class drsrrrbunons rangmg from those in which the successful establishment of sprucc was

/

dcla\cd up lO 50 \cars after that of aspen (c.g. stands 9 31 33, Tablc 2-4) 10 stands in Wthh

“both spccrcs bccame &slabhshcd al’ the umc ol stand lmuauon (stand 17, Table 2-5). ln

general, aspen was represcnlcd onl\ in blocks in the oldest and, »ou‘ngest age classes whrle the

age dmrrbunon ol sprucc \arrcd from dlscrelc blocks (sland 20, Table 2-4) to broader

=

patterns spannmsz ovcr "40 years. (stanos 5 27 Tablc -5, stand 28 Table 4) The age

dlslrrbuuon of aspcn ‘white spruce and Jack pme in stand 20 (Tablc -4) may- hrghlrght lhe _'L.l

drfﬁculuex n comparme the times of seedlmg emergence or suckcrmg of dlfl"erenl specxcs rn
the Snmc stand. Trembhng aspen regenerates from root suskers whxch gcnerally prout and
gro\& vigorously rmmedxalel\ aflcr fire, while jack pine cones are opcned b\ heal and shed

i

‘sced soon after fire but may have dela-ved germinalion»(Thomas and W.cin 1985) b’r‘ may" be

N

:'\uppressed as seedlmgs The dll‘ fi erences in the older age classes occupred b) these two Specles ’

in stand 20 probabl\ relate to some mechamsms whrch’ retardéd’ the growth of pme relative 1o

3
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“aspen because it is” unhl\d\ lhal pmc would havc ,sccdod into that stand only S-10 veary th "'

[y

its inititation. White spruce’ enlcrcd sland ’() over a discrete timt pcrmd smnl.n m lcnyh 0

Y

that of pinc and aspen but dclavcd bx 4 agc classes aflcr aspcn l)cla.vmh.gmcmnw has. ot

“been sludncd m this hpccws bm T3 powble lhal thbC phpnomcna ralhcr lhdn stqucnlml

.,,\v

invasion may accoum for lhc observed delay in spruoc cslabhshmcnl

In white spruLc s(ands wnlh codommam trcmblmg aspen :mci bdl\am pnplu (1.|hlL

P

2-6) white sprucc mvanabl\t made.. up a largc proporu‘on ol lhc lI’CC pqpulmmn which bedgmie "

-

. cslabhshcd at the txmc of stand initiation As found in other forcsl types, the pcrmﬁ of \pruu

. mvasnon rangcd from 20 1o over 100 vcars am(mg slands Balsmm fir was rcprescnud n lhc o

o

_oldcst age classes of stands 30 and 3" and waw\dommam in sland ’1 in contrast to other

. o
szands m Wthh ﬁr s found onlv in the younger classes, The oldcsl mdmduals -in standy 18

“and 30 appcar to be velerans from a previous stand which 5urvwcd the lirc whuh mmmcd th

! EE-
*

' 'prcsem stand. These vclcrans mcludc white sprucc.,suggcsung that white spruce was

rcprcscnlcd in the previous stand, Lo

¢ .
3 [

) 24 Discussion

‘~lnterpretat|on of tree ag,c data . L

Thc accuracx of csumzncs of lotal lrcc age fr'om ring counts on INETEMCRL Cores 1 - |
dcpcndem largch on thc accuracy of ‘the csn,,malcd age al conng hc‘ight In spu.ws \«hngh
sproul from root stocks and grow vxgorbusl\ 1mm;dmlcl\ after fire, such as mmbhng
aspcn the age at cormg hclght can be accuralcl\ esumaled bccausc i scldom ucuds om or ’

lwo years, ,ln spccxes which regcncr;uc from seed, howcvcr csumalcs vnll bc less JcLur}lL
P

becausc seedlmgs ma;, be suppressed to vanmg degrccs b\ othcr vcgctanon or by weather

Londluons durmg the growmg scasog Thc cffeu of varving growm rates. wuhln and buwun
stands lS dcmonstralcd in lhc WldL vanauon m agc al: 10 cm Obscrvcd in wh-lc spruce. S "

- Estimation ‘of conng helght agc is Furl'he‘r,/«{‘i‘lphcalcd bccause thc prcscnl gmund surface,

%, .
from whxch cormg helghl 1s measured ma&pot ‘be the same as (hal on whmh he seedhing

xS

.germinated such that manmum agc ma\ be below prcscm grouud lcvcl parmui arly-in I

et
- .,
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I homas .'md.Wcm (1‘385) observed delayed emergence of jack ‘pine and black spruce
AU dlmp from hurncd seedbeds in New Brunswwk and cite reqcarch dcmonslraung that

: gunmmuun of Jau\ me seed may occur up Lo ﬁvc years. ancr su_dmg Similar research has

v .

not been conducted on white sprucc‘ In' the agc strueture of a mixed stand, species with
delaved emergence will’appear to have entered Phe stand later than species which establish

without delay,

In- lhxs papcr dgC dala. ave been cxprcucd in fwc year classcs for simpljcity of’

L

. prcscnl.mon ,md to cnhanac dmnbuuon patlcrns in stands m which rclatively few: trees were

aged. }-wc years was arbitrarily sdc,ﬂtcd as a c.ompromlsc bclwccn broader classes whnch may -

obscure discreté age dnftcrcnccs and narrowér .«classes, which result in numcrous cmpt\ classc
“and make patiefns dllhcult m dlsccrn The dlmculues In pattern distinction in dnsmbunons
with'empty classes can bc observcd m Lhc older sland< wm:cvcn age dlsmbuuons samplcd in
lhl.\ study (c.g . stands 35,37; Tablt 2:3). thn m[crprcnng apparent age differences in

"dnslnbuuon pducrns bascd on agc classcs it mus! be kept in mind that ages vary within

o

Lla\scs For example, the auual dnffercmc in aws of two groups of individuals scparated by a
single age-class may: rangc from (> 1o 14 vears while mdmduals in adJaccm classcs may differ
i age from 11 lo \carc. |

Thc age struuurc of sland 20 (T'lblL 2 4) h\ghhghlﬁ lhc dlmculncs in comparmg age

distributions, and parutulaﬂ) lhc l'Cldll\C umes ot" enm of dlffcrcm spccxcs in the same

.

= qtand. Jack pine, aspcn and whuc sprucc “all bccame cstabhshed ovcr d:screte time pcnods

suggcsnng that propagulc< of cach specxes were avallable for a lxmued time. Pmc and aspcn
e 4]

vare snmxfm m that their reproducnon 15 mggcrcd b\ hre lhrough rclcasc of root sprouls m o

3

aspen and the opening of serotinous cones in pine. These specxcs would lhercforc be cxpcued o

t

lo enter a stand within the same time penod Apparent dxffcrcnces in thc older agc classes
“occupied by these specres in stand 20° probabl\ relale to some of thc dela» mechamsms
discussed above tather than representing actual dxffcrenccs in the nme of entry. The VoL

cstabhshmcm of white spruce in stand 20.is further delayed but several mterprc{anonsofih‘is

<«
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delay are possible: spruce may have entered the stand through the germunation ol seedbanh

[

sceds at the-same time as pine and aspen but the seedlings were strongh suppressed and
therefore apparent ages are underestimates; spruce may have seeded into the stand from

survivmg individuals in the vicinity afier the stand had become cslabliShcd; OF Spruce mas

havc sceded into thc qland conunuouxl\ but establishment was mhlbmd mnmlh be harsh

o~

LY

condmons soon after lhc hrc and later, possibly because of smothering by aspen leaves. These
altcrnanvcs cannot be dxxungmshcd on the b"ms of present stand conditions or information
umcml\ avallablc on the. behaviours of these species during cslablushmcnl and C.ll’l\ growth,

Itig apparcnl on lhc basls of the above.discussion, that uncertainty 1s inherent in any

b

. age structure based on increment core data and that the dcgruc of this uncertainty differs

amopg-Spccics. To dccomodate data uncertainty during interpretation, conventions were

" adopted Tor this study suchghat grdups of individuals in adjacent age-classes or separated by’

a single class did not differ significantly in age while ages of groups separated by four or

more classes were significantly different. Differences spanning two or three classes such as

those described in stand 20 above were interpreted with cauition .

#
Chqractcnshc agc dlstnbutmn of sptcncs

Agc dmnbunons of jack pine were typical of a pioneer smucs ‘with lndl\ldlldl\
rc.sj;ri@lc_d l(‘.Y\'-IhC oldcst agc-classcs in most stands. In three pmc/hchtn S‘landb. howcvcr. Jack
pinc had an agL distribution indicating conunucd rcgmcrauon suggcslmg that lhns sp(.qu may
be considered to be an edaphic climax on’'some sites. chcncraung pmc ocuxrrw in th
voungesl age- ylasscs in sorhe Slands mdlcaung that mmal establishment undcr a mnop\ i :
possible but lhal survnal is' limited. Trcmbhng aspcn also followed an agc dnsmbuuon

cxpcclcd of pioneer specics being represented in most stands onl_\‘.mthc oldest and youngcsl

age classes. Aspen Tegencration was obscrvcd in most stands ir‘rcspcctivc of whclhcr mature

mdlvnduals were present or not, indicating lhal this species 1s casily dnspcrscd and o!un

’

cstabhshes succcssfull\ in mature stands but scedlmgs do not survive.

v

v
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White spruce age diSiributions varied substantially among stands includirig patterns
eapecied ol PIONECT SPeCics (sland 3, Table2 kR sland 16, Table 2-6), broader patterns

ndicating continued cstdbhshmem for several dccades after stand initiation bul without

" i continued -regeneration in younger classes (e.g. stand 4, Table 2-3; stand 6, Table 2-6), eveh

A ]

'uéc-dn,slribmions suggestive of climax c.c‘)'\r}ditioné' (stand 35, Table 2-3) and patterns indicating-

sequential invasion of ‘csla‘blishcd'slands (sfand 3,(Tablc 2-2). This variety m ‘agc{iistribullbn ‘

patterns indicates that the cstdbliShmcht of white sﬁrucc in a Sland is not as restricted by the -

degree of canopy cloéurc’ asi pin¢-and as';én‘ap'pcar 10 bc; althdugh a dcn’gc subc‘:inop'_\' of fir

appears lo‘lcrminalc successfgl regencration, White sprfxcc is knyow‘rvm'to regénérale on roue‘n: |

logs (Zasada and Gregory. 1969) which may“accoun.t,.fc')} increased Ib( maintained establishment
: ; . » : T

t ' : )
as stands maturc and logs from trees killed by the initial fire decompose. Age struclure\s of

black spruce were similar to lhosp of white spruge, . varying widely among stands. In many

- P

cases the agc dnsmbuuon of black spruce appcared 10" be }ragmenled bul whether lhls reflects
pcnodnut\ in reproducuon OT-a~\’al|abllllV of approprulc seed beds is not known.

| ~ Balsam fir was commonly reqmuea u; vounger age-classes, in which it was oflen
abundam forming a dlsunc( subcanop\ as would be expected of a lalc seral species. In somc

stands. howcvcr fir became celablnshcd ayth@ume of stand initiation and had an age
structure more 51mxlar 1o Jack pine dnd aspen mdlcalmg that 1 1saable 10 lolcrale a wide range
of light conditions. Delayed emergence of balsam fn' ger?hmams was nol observed in the. stud\
by Thomas and Wein (1985) 1mplymg that carl\ estabhshmem of. lh!S spetnes was not the |
result of buried seed ﬁwhnch survnved thc ﬁrc Firis oflen observed as. small supp:esscd or
heavily browscd mdmduals m [hc forest ﬂoor of maturc stands A canop\ hre at 4 time when-
L-hc grpund was moist \>ould have lfxlled the dominant lrees,wuhout harmmg these small

: iﬁndividuals allowir;g their release from suppression and subsequéﬁt growth into lhe'new;
‘canObyf‘ ' . ‘ ‘ 4 ‘
o Balsam poplar and paper birch had scancrcd occurrence in the stands sampled and

- appcarcd 1o follow no dxstmct age distribution pattern. Individuals or groups of these species

were commonly found in several age glasses with establishment spread out at intervals
Y N
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throughout the lif¢ of a stand. These results may suggest that invasion of these speties

Successional (grocesses \

Age structures obscrvcd in stands in the Hondo area suggest that plam SUCCESSIon 11
the Boreal Mixedwood Section docs not follow fixed pattern. In s‘cvcral stands. the age
distributions of the component species were cleatly consistent with the rclay  llonistics model
while in other stand‘s. distributions were better predicted by’ the initial floristics model. In
addition, many stands followed a "mixed model’ -paucrn in which white sprucc and pine or
-aspen csmbhshcd initially with flir invading at a later datc.

In jack pmc/hchen woodland, the Wldc difference in age between pine and white
spruce is indicative of a relay f‘lorlsucs pajtern of succession. In thesc stands, however, spruce
was generally of 1ow-abundancc relative 1o jack pine such that even if stands attained a greal
age it is unlikely the spruce would replace pine ag the dominant canopy species. Most o
pine/lichen woodlands cannot be considcred to be fire climax forests because jack pine age
' distribmions_remain strohgly dorﬁinated bv the oldest age classes and invasion of white spruce
' .éc_)ti:soccur.‘ Successiona) change, in terms of species replacemént, is so slow, however, that
lhis_vegcraiion type probébl_v remains stable over many firc-inilialcd%cncration& of forest \
because abundant pine seed would always be available for stand regencration aflé} Tire.

Age siructures of pine/alder stands are also gcnerz;lllv consislcm with the relay

1
ﬂonstrc"s model with jack pine establishing mmalh and white spruce seeding in later (Tablc
2-2). Thns Is particularly ev:denl in stand 3 in which spruce invasion in, apprecxable numbers
came about 60 years after stand establlshmemvand has conlmucd since. \

White spruce would be expecled 1o becomc codommam in the Lénopv of stand 3 as
they apprbach maturity in about .50 years but complele replacement of pmc would require a

much longer pernod and may never occuf because of the short hfe-cxpcctancy of stands in the

Hondo area wh'ich appears to be fass that 150 years. Thus, pine/alder stands probably remain

o
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dominated by jack pine through much of their existence which, unless they survive to be very ”
old. will ensure an :ibundancc of sced following fire and result in the reestablishment of pine
forest in lhc next sland generation,

Age structures in mixed stands of aspen and white spruce (Tables 2-4 and 2-5)
indicated that the relay floristics pattern of succession was not consistently foliowed in this
lnrcs: type; bcgausc. in many stands, aspen and spr'ucc became established at about the same
ume.'In 'som; s.lénds. age distributions were consistent with the initial floristics model, with
ages of most individuals falling within a discrete bléck in the oldcsi classes, but whitc spruce
frequently continued to invade for several decades after initial establishment. Age, distributions
scldom indicated that sprucc regencration was contihuous as would be cxpected if this species ©
was 1o cvunluall\ form the climax stand. The oldcsl aspcn stand (31, Table 2-4) was about
150 ‘'vears'in age and still maintained a codominant population of aspen’ indicating that a long
pcriod of time would be requircd for spruce to become complctely dominant in this fgrest
ype. ) = -

| In .slands dominated by spruce, white spruce occurred invariably and often-abundantly
in the oldest age classes. Many of these stands were verv old and it is difficult to know
whether individuals in the oldcsi age classes became established at stand initiation or represent
a scql'xcmial invasion in which older individuals of the pioneer species have"died off. The
presence of 'rclétively voung stands in whi;h wh.ite spruce codominated the oldest classes with:
jack pinc of aspen (Stancjs 14, 25, Table 2 -3; stands 29,32, Table 2-6) suggcsted that spruce
was initially present in most sprucc stands.

Thé age"étrlxctures of '?e\'eral spruce stands indicated that regeneration by any species
after initual inv‘asion was Jimited and are thus co\\)sistenr/with the prediétions of the initia]
floristics model. In other stands, balsam fir beg;hﬁ.,invading’long afler{ initial establishment of
white spruce, pine or aspen which is more consistent with the relay florisitic model. in !
additionr in many spruce dominated stands, white‘spruce was observed to have become
established continuously for several decégies beginning at the ﬁme‘"of stand initiation, a

behavior which is inconsistent with either model. These results suggest that neither of the

—



proposcd models fully describe successional processes in spruce forests in the Boreal
Mixedwood Section. -

This rescarch has shown that lhc ProLesses whlch control successional thangr mn lhv
vegetation of the Mixedwood Section dlffcr markedly among :;tcu and forest mn’s Agc ‘
structures consistent with thc relay floristics model were observed m some aspen, prnc/alder
and pine/lichen qmands although in the later, species_replacement appeared to be OUCUINnNE S0
slowly that it probably had htllc significance tn vcgctallon dynamics. Age structures indicating
initial flonsllcs successional patterns were obscrvcd in all lorest types but were most mmmun
in spruce stands. It was clear however, lha( age distributions of mam standh did not lolhm
cither hypothetical model suggesting that another conceptual model, possibly dealing with “
spatial and temporal controls on seedling cstablishment and the ceological charactepstics of
species which influence reproduction, dispersal, germination and carly growl,h.v will be rcqmrcd

¥

to fully explain successional patterns in these stands. In general, however, it appeats that the
fire r;turnuimcrval in the study '_arc;a is short relative to. the rate of successional change such
that, many stands change very littie during their life -span. Vegetation patterns in the

landscape may, therefore, remain relatively static for long periods.

L)
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3. CIUFRRCTERIZATION OF SOILS AND THEIR RELATIONSHIP WiTH FOREST
TYPE o /

3 In:!r()du‘clio"n | %
The development of a soil sprofile in unwcalﬁercq ge_ologig; parent material is the rcsult’
of the cmnbmcd effects of biological, chcmical and physical broccsscs which control additions
Lo, losses from and transformations and lranslocauons wnhm the solum Thc expression of
these pr()LCs\u in soxl properties is determined by the: factors of chmatc bxota topography
and p.ncnl material and differences in lheqc factors betwcen sites lcad"lo d:ﬂcrences in soil
’;Tr‘(')TiTc characteristics (Jcnny 1980). As indicated in Chapter 2, preliminary cxaminaliqn of
upland sile;: on sand ridges near Hondo suggested-thal iﬁésé Lz‘ar'cexs we;c"uniform in ciimalc and -
wpograph\ ‘were located within the same landform and probably were of snmxlar agc ’

A

nmpl\mg Lhal dxflcrcnces in soil proﬁle development between sites rrclated to differences in ‘
parcm malerial propcmcs or vegelanon history. Age structure analysis. of forest stands in lh1s
.area has suggulcd that vegetation pauerns in the landSCape may be relatively static, with
individual sites occuplcd by sxmxlar forest stands for extended periods Under these conditions,

slgcs prescnll\ oacuplcd by~ d:ﬂ"ercm forest types would also be expccted 10 dzrrcr in soil e

7

""H’,I"

‘ h‘%mon dcvclopmcm The obyecuves of this study were:-1) to charactemc and compare soils
in [oresl slands dn"fermg in species compoqxuon and 2) to determine lhe extent to which -
differences in soil charactcnst:cs between sites reflected differances in \'egetauon

Soils may be characterized and compared on the basis of a w‘i‘dcﬂyariéty of
morphological, chemical, mineralogical and physical Critéyia.__ln this staa\ soils al each site
were inili‘ally described in the fiéld and. subsequent 1abera.16r; anal\,"sis was 'used io ﬂ'alidatc
ﬁcld obscrvauons and to measure chemical properties whxch reflect 5011 deve]opmenL

o
Preliminary- observations indicated that clay content and dxsmbuu{on in the proflle dxffered :
P .
among sites. Laborator) ana]vses \:/erc conducled t&) quaggufy clay comems 0[ al] homons -
in all*soils: 2) calculate the fine sand:total sand ratio in all horizons, as an mdex of parem
malenal umformm within a profile, to determine whether high-clay honzons were

5

o

An
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depositional or pedogenic; and: 3 l dctcrmmc \\hclhcr da\ in high-clay horizons was lllu\ml m

4

origin by mummorpholoycal obscrmuon Color dlffcrcnus among hon/ons nbscr\cd " lhv ‘

2,

field suggested that soils differed m lheu contents of C and iron o\ldcs lcadmg 10 I.llmr.um\ :

1

analyses for lhesc componcms }-1cld obscrvallons also mdlcalcd that the dcgrcc ol honmn ‘

dll'fcrcnualnon diffcred among slands implying differences in ovcmll soil dcvclopmcm llm‘ v .

possibility was investigated by comparing the proportions of P in organic and various

inorganic fracuons as-indices of pcdogcné;{i.s (Walker and Syers 1970). .

1
R

3.2 Methods - T
Eight sites represenling three forest tvpes were examined. Four stands (1.2.11.10)

represented pine/lichen woodland dommav.cd by Jack pmc with a ground cover of fruticose

Ry \

" lichen and low shrubs. Two seanda (3,13) rcprescmed closed canop\ Jack pmc forest with an.

_extensive shrub canopy of grecn alder and a continuous ground cover of llcathcrmoss‘ An
additional two stands (4,14) were dominated by .whité spruce with codominant jack pli’nc and
trembling aspen and hadwa fcathérmoss ground cgo.vcr: Species com;z’qsilfion and stand
characteristics are described in detail in Chapter 4.~ * .

Soil profiles wcrc described in 3 10 4 pit’s (I.5m dcc:p) in-each stand. In four stands

(1.2.3.4) soil samples for laboratory analvsxs were collectcd b\ homons pth ol 40 c¢m

at 16 randomly selected locations in cach stand Usmg@a J:6 cm dlamcwr CON ;lubc 1.FH and

Ahc or An horizons were coliected from these cores in thx;nmcu whlle Scm sections were
collected from deeper horizons. Samples of homom decpcr Lhan 40 ¢cm wcrc (.OHCLlLd from
thrcc pits on- cach site usmg S ?m x4, 7 ¢m dlameler cori ng tubcs mscrlcd hbmonmll\ into the
pit face Five or more cores were takcn from different locanons acros*« thc pu face wuhm Pl
| horizon and composited for analvsns In the remaining stands a composuc samplc (.()mpl’l‘s(,d
of five 7.6 cm dlamcter‘ cores was collected from LFH and A horizons at cach of four pn.

locations in cach stand and deeper horizons were sampled using.the smaller tubes as describegd

above,



Al soil samples were ovcn-dried at 180*C arid weighed 'imrr\rediaxe!‘y after EOllcc1ion.
crushed by hand and passed through a 10 mesh\(2 mm)-sieve. P’ragmenl's{"&;arscr than 10 .
. m’vx"l: were negligibl¢ in all soils.lSubsamples were ‘round‘ to pass'a 100 mesh sieve'?prior to

chermical anahsns The following chemrcal analyscs & e carrxed out according to McKeague
(1978 particle size using the pipette method with pSomdc destruction of organic matter in’
A horizon samples only; pH in 0.01 M CaC‘l*,. 2:1 soiuli&:sail ralio; total Kcarbon using a

Feco automatic C analyser; jron and aluminum complexed with organic matter using

rum rophosphate; amorphoue iron and aluminum using acid aqrmomum oxalate .and

mcyas'urcd by dr\"sieving oven-dried sand using nested sieves in an Aljen-Bradley Sonic Sifter,

following ullm -sonic dlspcrsron and wet srevmg to remove silt and cla\ Shakmg limes and

amplnudCs were mamtamed constant among samp?es to ensure umform separauon conditions.
- .Phosphorus in samples bulked within horiz.ons in each stand was fractionated by = .

chcmieal corrrponcnls using the sequential extraction procedure described by Olsen and

Sornmcrs (1982). Tfris technique distinguishes thiee phosphorus-f racrions including

acid - soluble calcium phosphates base-soluble aluminum and rron phosphales (non occluded),

- and reductant- solublc aluminum and iron phosphates considered w be occluded wuhm

secondary mineral grgxmq or coanngs orr other minerals. Organic P ‘was measured in the same '

samples usmg. the 1gmuon method (Olsen and Sommers 1982). i' Vo
Slides for mu.r.)rphologlcal ooservauons were collected as secuons of undrsturbed

7.6 cm diamcter cores, in the two spruce stands (4,14), one pme/alder stand (3) and one

pinc/lichcn‘/sﬁland (2). Core sections were taken 15'em - 25 cm and 25 cm. - 35 cm. These
depths represented the Bm horizon and strad#téd the AeZ/Brl in{erfacc, respCCLively. in the
spruce stands. and the Bml and Bm2 or B(j horizons respectively in the other stands. Cores
were air-dried and rmprcgnated under vaccuum with 3M epoxy resin pnor to slicing and

polxshmg Mlcro rphological characlensucs were identified under a mncroscope with

reference to Brewer (1964), Brewer and Pawluk (1975) and Pawluk and Brewer (1975)

31
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Slausncal compamons among sland~ cmploved one- way anal\snx of varance (Lar
]974) followcd b\ Duncan $ muluplc angc mst ((hc\s 1976).

. Wexghw of clay red:smbuted wuh and added 10 a 75 ¢cm prome in cauh smnd were

caléulc:led as follows Presenl vu:cighl of total’ sonl slll and clay were calculated lrom bulk

\ dcnsmes thlcknws and constituent pcr;cnlagc in cac.h horizon to a dcplh of 75 cm. This
depth was chosen bec¢usc n rcprcscmcd thc majom) of ‘the dcvclopcd prohlc and soi} dhn\t
this depth appeared to havc dcvclopcd from umform parent materials while discontinuties in
parcnl material occurred below 75 em in somc sncs In addition, bulk density was near
maximum at 75 cm in all sonls mdncaung that-any expansnon of the solum which occurred
during soil development affectcd only shallowcr honzons In lhc calculation of clay
redistribution it was assumed lhal clay was orngmall\ evenly dmnbulcd in the pmmc as would
be expected in uniform parenl materials. Mean clay conlem was cakulalcd as WCIghl of
clay/total soil weight and used 1o calculate lhc weight of clay cxpeclcd to be found in cach
horizon. Redistribution was calcula[cd as lhc difference bctw’ccn, acmal and c.\pcclcd valu'cs.
"and mlm be considered approximate bec.ause additions of da\ lo the promc could not bc
Lakcrg into account. The calculauon of clay addmons was based on lhc assumpuen lhﬂl (,Ll\
contents in C horizons-were equa} o 1hose in the o&xgmal parcn‘( malcnals and thal lhc mml
\Clghl of soil ma 75 ém proﬁle had not changed during soil dcvciopmcnt (,ons‘lam wc:ght
would be e\pcctcd in the weakly weathered soils under consndcrauon Lla» comcmx ol the ¢,

| hcmLOn were used to calculafe Lhc original weight of clay in the proﬁlc which w(h subulsucd’
from the present welghl 10 dctcrmmc the weight of clay added during soil d_c.v,clopmcnt; ‘

«

Ranges of values based on clay contents of BC and C horizons were calcujated for'soils of .

stands 4 and 14 because C horizon contents may not have bccn rcprcscmauvc of Orlglndl

. .

contents throughout the profile while BC homons may have been shghln ‘augmented \Mlh

l

translocated clay. % " . L,
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« 3.3 Results ’ ade L e

Horizon development

H()rizon,dcvelopmenl in soils under pine/lichen ‘stapds (Table3-1) was similar to that:

under pine/alder stands (Table 3-2) with lhe\lauézf having“gencrall\':“'thﬁickcr horizons of"'
shghm fincr w\mres Transmons across B homon boundanes wcre gradual in all of lhesc
S0ils rcsulum ifi profiles with few distinct pcdogcmg features apart from a general mcrcasc in
mlor Lhmm.r in the upper B rclauve to lower horizons. Soils of lhc spruce sland% d;ffered in

horizon dcvclopmcnl from other soxls., having lhrck Ae and dxsunct tex,lural B hOI‘lZOﬂb The

. . ¢

boundary bcw.ccn lhe Ac? and Brl horizons was alwa)s abrupl and was gcnerall\ marked by a

0. S“ 2cm lhnd, mvolulc band whrch was slrghll\ darker in color than ad]acem matenal Sorl
/- e . ",

textures were Lconsistently finer undcr spru”e stands than in, olher $Oils.
- 5

- Physical lr’ropér'ties R R EPINEEA v P S B

v

Total sand Lonlenr was hlghest m sorls undcr pmc/hchcn srands (Tablc 3-3), lowesr in
those undcr spruce stands (Tablc 4) and mlermedrale in those under pme/alder slands Silt

content wab hrghu‘ in soils under spruce stands 1han on other snes and was similar in

PR

pine/lichen and pme/a]der stand sorls Clav comcms were hrghest in soils under spruce stands

,r'

and’ 10wes1 under pme/hchcn woodland Ennchment in cLa\' was apparent in the lower B
honzons of all sorls bul v.as most pronounced under spruce forest.

The ratio of fme saQ\lOlal sand was rclauvel\ ‘uniiorm lhroughout mos! proﬂles but,

- m C homom of sorls in stands 11 4 and 14 thlS rauo drffered from lhal of honzons above.

In ﬂrc lauer mo §1ands BC horxzons also drffcrcd from shallower horizons. With the same

¢

' e\cepuonx the comem of cla\ frec sand mcreased umforml\ with delh in the proﬁle whue

1
'

slll comem decreased B S :

~ Micromorphological observations
E o S L ‘

In ‘Lh‘in section, most soils appeared.uniform across the 5 cm slide with no distinct

organi'zali_on of -particles or changes in fabric type. In the deeper samples in both spruce
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Table 3-1, *-Description of soll.profiles under pine/lichen stands, s
P - N e L - o — Co
Stand Horizcon IThickness  :Colot Iéxlulv;‘ Structidre Cont et e IR Y O

(Em). (dry) . . S o

I ¥ - e i

AR Ahe Vi 10YR4L/? 5 sThgle grairied - . }unﬂb' clear, woey .
Bm1 24 C2.5Y046 5 " . -ooaradualy, cwavy s
oo 23 2.5Y5/6 S T " : gradual, wavy
i 45 2.9Y4/4 G " (S M clear, LNE
Ck 2.5Y0/4 5 " : " : L

oy

~

2 Ay oo CRLIHYR/2 5 single gqragned s Ioone T Clear, ey
B 20 2.5Y4/4 : - :
Hmy 11 7.9YG/6 Coeoatadoal, oy
8o Couh T EsYA/ 5 " Yo ohgar e

Ttadiid , Kder

n

g N
T - Ck 2.9varu’ § e = s
. v : .
[ Ang « 2.5Y3/2 S single graines Loy
Bm1 i 2.5Y4/6 a " "
Bm? 2.5Y5/6 5 " "
2 .: o 2_!(,\{1‘//“ [§ u‘ ‘ "
(w v 2.5Y4/4 ot " ' "
I ) ‘ °
12 Ahe 2.9Y3/2. % sirm.e grained DLl el e
Bl 2,5Ya/¢ 5 ' v Gractual, e,
B2 - 2.57576 S - N TR L P AT
oo JSLOYS/G i ) o b ; V.
Ck ' ' SYa/h o - . " )




Table

3-2.

standgs.

Description of soil profiles under

.

pine/salder

Stand

HGT s an

IHlrknes

tnlor

(3, 13) an! ‘.:':‘glr'(}l(£4‘ Vi)

Texture

Gtroctore

, (cm) (dry)
Y Ahe 4 2.5Y6/2 LS single grained
{im 23 2.9Y4L/76 (I "
Bt 3 iy 2.5Ya/4 LS "
8C 30 2.5Y%/4 S "

“ ik 2.5Y5/6 “ R " .
13 Ane, 5 72.9Y2/0 (s single grained
fn . 26 2.9Y04/6 LS "

(it ) 2.5Y%%6 LS "

He Wi 2.Ova/4 i "

Ch SYa /4 3 "

L]
i Aei / 2.5Y4a74 L5 single grained
' Bm 15 2.5Y3/3 St "
Res? fa 2.9Y4/4 L "
Bt 20U 2.9V6/0 G v
BL2 17 2.5Y4/6 s "
He 13 2LOYG/A Lo "
Ch 2.5V4/4 LS "
% CAg! 6 2.5Y4/4 G4 sinale araines
B 13 2.5Y4/4 St . "
Lol 9 2LSY5AL sl Yo
Bt 18 2.5Y4/6 SCL. % "
e 28 2.9Y5/60 Se b
e 25 2.8Y5/4 G "
(Ch 5v5/3 LS "

Car ot end,

Tonse
v. friable
v. friable
loose
logse

loooe
v. friable
v. friable
loose
loose

v. friable
friable

S

) .
RN
ILaoiy.

v, friablus

v. frianhle

v. friable
v. triable
v. friable
firm
friable

v. friable
v, friahle

o

friable.

B

Houncaly

clear, wany
qradudl, wavy
aradual, wavy

clear, wavy

ClL’d: y Wt )
gradual, wivy
qradual, wivy
clear, wav,

clear, wavy
clear, wavy
aleruol, wasvy
Graduas, wav,
Qraduiy, Wiy

clear, wavy

clead, wavs
clear, wao,
abrupt,
grac.al, whe,

gradaal, ey

Wavy

clear, wivy



Bulk
density

(gecm™7)

ay-free

i

4

1

v

total sand

C

‘Ratin of
fine‘sand/‘
total sand

Silt Clay

Total
Sand

-fine

"V.‘

U, SRR S

Firme

F

Sand .

Medium

Coarse

(cm)

Physical properties of s0ils under pine/lichen stands.*“
Depth

Stand Hprizon

Table 3-3.
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£an
stands, however, the abrupt upper boundary of the Btl horizon, marked by a distinet brown
band, wa; readily apparent, Th’crdomman‘l soil fabric in all‘soilr- was;,nmlrichl.'nm,vdlc.»
comprising skelctal sand grains with thin, generally conlinuoua. light bruwh coatings. These
coatings were isotropic and rarely formed bridges bctwccn grams 131 s.lmplL'\ !rum both depths
in the pine/lichen stand soils and in the 1S ¢m - 20 cm sample 1n the pmc,,aldcr stand sl
Occasional, weakly anisotropic coatings and moré frequent bndging were {abscf\‘c\l in the
) . .
lower sample of the ;.;inc/aldcr stand soil and in the upper samples of the spruce stand soils.
Scctio‘ﬂs from the lower B horizon samples in both spruce _:s'land s0ils exhibited moderately to
strongly anisotro‘pic coatings which commonly bridged between grains. Thl.\l was particularhy
apparent within the brown bands obscrvcd in these horuons where slr()ngl\ anisotropic
coatings’ bndgcd between most kkelctal grains forming a chlamvdic- plcuu or plcuu labm
Chemical propcrtles : o"
Soil pH was gcncrall) mmllar wnhm equivalent horizogs in all stands (T ables 3-§,
3-6),. Carbon contents of A homons and 10 a lesser dcgrcc Bml and Bm horizons ranged
widely with few distinct’ differences between forcsl types. In lower B horizons, howchf. C
cbnccnlralion was consistcnllyt highest in soils under spr'u’cc stands and. lowest in soils under
pine/liche;i.étand's. Con_cchiral'ions of by‘r‘obhoséhalé c.xlracléblc,_ Fe and Al were gencerally
'highl‘s: in lh}e upper B horizon of all soils and-did not, _diffcr greatly among sites (Tables 3-5,
’3-6) although cdnccnlrétioné were higher in the lower solum of spruc:c and pinc/alder than in
pine/lichen stands. Oxalate extractable Fc‘dccrcascd with‘dcplh in pine/lichen §lands with the
exception of stand 2. l_ﬁ comﬁst. a distinct in@asc in oxalate extractable Fe occurred
| bctwccq the A and Bm horizons of pine/alder and sp‘ru'ce starids. Concentrations of oxalate
.exlfacLablc Fe and Al in Bml and Bm horizons were similar in .all soils excepl in thdsc of
stands 1] and 12 in v.hlch they were lower. In Bm2, BU and Bll horuons conccnlranons of
oxalalc extraclablc I~c dxffcred significantly among stands (onc way anova P<L Ol) with .
.stands 3, 4 and 14 havmg hlghcr concentrations than slands 1, 1l and 13. Oxalalc extractable

Al also dlffcred sngmﬁcaml\ among these horizons, with those undcr spruce and the oldcsl

pme/aldcr stand (3) havmg higher concentrations than other stands
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Forest ypes. differed in the chcmreal forms of - phosphorus in the upper 50 cm of the
\(’lun' (Mblc 7) Pmc/aldcr stands had a lower proportion of total inorganic P in Ca
ph()phdlt\ (Ca-P) and tended to have a higher pr0porudh in non - -occluded Fe phosphates
l~c-l’) and M phosphates (Al-P) than other forest types. Spruce stands characteristically had

a lower proportion of inorganic P in n’cl>n10ccluded Fe-P and Al-P than othér stands. Acid
~ammonium fluoride extractable P was hig}rlv correlated with ‘non-occluded Fe-P and Al-P
e RIS P 01) amd inverseh corre]ated with' Ca-P (r— J61, P<.01) in a data set
“inchuding mdrvrdmal horizon sampies from all stands. The signficantly’ lower levels of
dmmomum Fluorrdc P (Table 3 7) in soil undcr spruce stands relative o other sorls is,
therelore, consrs\teﬁ with the low levels of non-occluded P in spruce stand soils indicated by
bulked ‘samplc analysis. Differences bcrwecn‘fore'st lypes \:ere ‘opserved 'inlthe.vweighl of
‘orga.nic Pin a'50 cm profile, with ;pine/lichen stand soils Sonsistemlf lower and sbruce staAd’

13

soils consistently hi;:her than other soils. ‘ -

EN

w o

. Redistribution of clay’
_ Thc werghl of clay rcdrsmbuted in a 75 om profrle (Table 3. 8) was hrghest 1n sorls

under spruce stand« and lowes[ in those under pine/lichen srands and was highly correlaled
with total cla\ in th proﬁlc (r=.978, P< Ol) althoueh the sxgmﬁcancc of this correlauon

was dependent upon values from t'h\c spruce stand spll_s. The werght of clay added xo ;a‘ 75 cm
profile during qoil: developmem was also highest in the spruce stand soils and lowest i‘n
pmc/hchen stand soils. Clay addmon was srgmﬁcantl\ correlaled wrlh total weights'of silt and
clay {r= 942 and 96] respe&uveh P< .01), and with: werghl of cla\ redistributed (r: 973
P< ()1) l;ut the srgmflcar\ce of theseé correlations depcnded on values from the spruce stand

"\ Thc raum of cla\ added ongmal clay and cla\ added: srll+c1a\ added were highest in |

v

the spruee stand soils and. in general, lowest in soils of Lhe,pine/lichen stands'} (Table 3-8).
o ‘ ‘ . g

RS v ) ‘8
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. 3.4 Discussion . y — ’ , R
[ . Uniformity of par‘cm' mgwrials

Sand ridge soils in the Hondo area hwc devcloptd from parent malcn.lh which were

T

: ongmall\ deposned as delaic sedlmcms in a g.laual lake (St. Onge 1972) and have

subscqucml\ been modified b\ -acolian processes. Thcsc gLomorphologncaI processes may result

¢

, m soil’ parent materials which differ with depth in thc prohk bcumw of dnllcrcnuc\ m tmng
and characlcrxsucs of dcposmon Asscssmcm of the umformlu of parcnl malcmlx within the

»i.solum was necessar\ lO permit accurate interpretation of %cnl profile dcvclopmcnl Parent

o matenal uniformity is generally delcrmmcd b\ companng ratios of. resistant mincrals buucn

L te J ‘ "»,
horwom bccausc such ratios can be :ﬁ‘ ,ramam u‘)nslam in umlorm malcerials
3,.
(Barshad 1935) In weakly wcathére K"ha\uné sand fractions high in minerals resistant 1o

wcathcrmg such as quartz and potassmm fcldspar lhc ratio of fine sand:total sand and lhc

.er,

a,

content of clay-free sand have been used as mdxces of parcm malcrial unil‘ormily (Wang and
McKcaguc 1982). Pawiuk and Dudas (1982) found little evidence of wcalhcring in a sandy

i ﬁaeohan soil ncar Edmonton which was sxmxlar in many respcus 10 lhc Hondo arca soils

ggcstmg that the use of sand-based mdnces of umIormm is probably valid in lhc present
3nvestigation. There appear o bc no established criteria for evaluating th constancy of fing
sand:total sand ratios down a soil profie: In this study. ratios fallmg wnhm ali% range -
were considered to mdncale uniformity of parent materials. Thxs \aluc ls consistent with the
mlcrprctanon of fme sand:total: sand ratios by McKeague and Wang (1%7) ’
Based on umforrmn of fme sand:total sand ratios, and a gradual increase in le\ free
sand with dcpth. parent matesials appeared (o be uniform throughout the profilcs_of all soils
_-under pine dominated stands with the exception of stand 11 in wt;ich the Ck diﬂ'créd from

1

other horizons. Surface (A and B) horizons of spruce smnd soils dppeared to have developed
from a uniform parent material but C horizons in both soils were distinctly different, The
parehl material in the lower part of the profile did not differ greatly in texture from that of

the uppér solum, however, and would not be expected o have infllu.en_ccd development of

surface horizons. Comparison of lower soil horizons among stands indicated that the parent

A\t
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o

materials of sprucc stand soils were finer’lh textire than thoec of other soils. Parent materials

under pmc/aldcr and pmcﬁ&thtwands were more coar%n texture because of their
proxumty 1o the river channcl Both spruce stands were localed in areas at the pcrxpher\ of
‘the original deltaic deposit where sediments would be expecled to be of finer texture than-

closer to the river channel because of differential sedimentation rates among particle sizes.

[

Clay distribution and addition” .*

L v

: ?'h:t uniformily of parent malcf;_als through the A and B horizons of all soils indicated

that the increased clay contents of B relative 10 A horizons was the result of cluviation or in  w

-

suu clay formation rather than initial deposition. The ddminance of éluvial pfoccsses is
supported by the rnicromorphologiczil observations which identified anisotropic coat.ings and
bridges between skeletal sfind grains, diagnostic characteristies of illuvial horizons, in B
horizons under spruce and pine/alder stands. Illuvial horizon dcvclopmcm as mdlcated b\ the

difference in da\ contents between eluvlal and illuvial horizons and the frequencx of
.y

~anisotropic sand gram coaungs in thin sccuons was grealest in sprucg’, stand soils, slight in
pmc/aldcr stand soils and almost negligiblcm_pine/lichen stand soils. Calculated values of

clay redistribution (Table 3- 8) are conelsteglt \mh thl« patiern.
Vit .

Differences in illuvial horizon devc?opmem between snes cannot be aurlbuled

uncquivocally to differences in forest type f;gcause of dlﬂ'ercnces in parem matenal lexwrc
0-“3*
. among soils. Although several faclors which mﬂuenee clay translocation have beenudenuﬁed ﬁ\

-

" controls on the degree of dcvelopmem of illuvial horxzons are poorlv understood (Blrkeland
1974}, Clay translocation may be higher in a soil with a high clay conlent than in one low in
clay simply bc‘c'zi.usé’ rnoré clay would be available to be lranélocated. Allefnalively, clay
cluv‘iali'on'}na‘v Bc regulated by water flow and clay'dispersion processes related to o}ganic :
compounds cnlermg the soil (Bloomfleld 1957) or wetting/drying cycles (Soil Survey Staff
* l975) Cla\ translocauén would then be expccled to be more dependent on f actors-such as
vegetation, which control soil chma_le and orgamc matter producuon,s _‘Lha‘”n on total cl'ay .

content. Detailed examination of sites differing in vegetatbon but with more similar pdrent



* material textures will be necessary 1o determine the relative role of vegetation and clav-content

in comrolling eluviation in these soils.

'

Cla\ addition followed a patiern among stands sxmllar 10 lhal of Lla\ rcdxxmbulmw
and 1lluv1a1 horizon development, bcmg nighest in spruce and lowesl in. pmc/luhcn smnd\ N
Increases in total clay in soil proflles in New Brunswick examined by Md\cag.u( and Wang

(1982) were aunbulcd to clay formanon during pedogepesis while Pa\\luk and Dudas (I% >)

concludcd that aeolian drift had caused the increase in clay observed m a profile near ’; :

Edmonton. Although the Hondo soils a,rc similar to the soil studied by Pawluk and Dudas
(1982), the results of this study are m& istent with addition of clay by acoiian drift. ’
Calculated additions differed between stand 13 and stands 1 and 2 even though they arc

localed within 1 km of cach other and would thus be expected to have received similar

] i \
f

additions by drift. Howcvcr formation of crystalline Lla\ or ol" clay- sucd non- cr\slallmc
\ 7. \\.

ma@gnal would be cxpeclcd to be low in wcakl\ weathered soils under boreal chmalc

conditions. Dctalled ph)Slcal and mmcralogncal analyses are rcqmred to dnsungmxh bclwccn

the posslble processes Wthh have resullcd in addition of clay to Lhcsc soil proﬂles Il the

' observed increases in clay relative lo predxcted values are Lhc:r,esull of clay formation, controls

on \his process are confounded by the parallel patterns of soil texture and’'vegetation: Higher

concentrations of C and sccondary Fe and Al in soils under spruce im’ply that these stands

may produce a soil environment high in organic matter which increases theé-tale of mineral

» ) \
weathering and, potentially, clay formation. Conversely, weathefing and clay formation would

 forest types implying, at least, a contributory influence of vegetation. °

be expected to be higher in fine than in coarse textlred soils because of lhc"highcr surface

area available for weathering. The ratips of clay added:original clay and cla_\'iaddcd:si’iArer'_'Cla_\

added suggest that clay addition relative to original parent material texture differed among

v

L

Phosphorus, iron and aluminum chemistry
Soil characteristics related to the chemical consitituents of P, Fe and Al can be

expected to be independent of soil texture so that their interpretation relative to vegetation is

.
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moie straignt forward. Both P and Fe are essential nutrients and their dynamics i $0il must
o K )

therefore be controlled, in part, by cycling lhrou‘gh vegelations In addition, Fe and Al are

highly reactive with various organic compounds and are closely linkcd to organic matier in

many soil processes, such that differences in these soil componems mng,m be expected Lo relate -

\

Q
to differences in vegetation. The results of this suud) suggest thal Rccondar) Fe and Al

compounds occur in hnghcr concemrauon and are cluvxaled to a grcatcr degree in soils under -

.

pin¢/alder and sprucc sland\ than in pmc/hchen soils. In sprucc stand sorls Al-P angd l~e P
appear Lo bc dcplctcd relative Lo othcr soils while in soils of pinc/alder stands, Ca-P appears
m bc dcplctcd thther these patlcms are related to P or Fe cycling paucrns which are
spLLl[lL 1o these vcgctauon types is unknown at present and warrants further investigation.
ln conclusion, sand ridge soils in the Hondo area differ with respect to content and
_distribution of clay, sccondary iron and aluminum and phosphorus compounds within the

e

solum. Differences beiween soils f’h scveral of these properties appear to reflect differences in

3

vcgclanon bctwccn sites, Changcs in most soil physical and chemlcal properties are consxdcred
s °
to be slow processes such that dlfferences in soil development onl) resull when dxf ences in

site conditions have’ been maintained over an extended period. The observed correlations
Between forcsi vl_vpc and. soil charactc:ri;tics are therefore consistent with the age st‘r‘ucturc
data, suggesting that veéclan’on patterns in the Hondo area landscape have been relatively o
slébl_c over time. Furlhc} resca'rch‘iﬁs'ncccssarv; however, to clarify felationships berween
vcgctauon soxl texture, and lhe devclopmem of illuvial horizongin these soxlq and 10 xdenuf\

functional differences betwe‘cn vegctauon types which have led to the observcd differences in

. soil properties among sites.
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4. LITTER PRODUCTIO\ l'\ PINUS AN!;SIA, A-DOMINATED STANDS IN
* NOR'IHER\ AL BERTA’

.

4.1 Introduction

Litter production in terrestrial ecosystems represents one of the primary links between
producer and decomposer ’organisms in studies of oréhnic matter and nutrient cycling, and is
one of the few system ﬂxi)(e.s{'lwhich can be accuralely measured. In boreal forest ecbs)'Sléms..
- litterfall rates have been reportcd b) various authors both in individual studies of specific
forest types (Foster 1974.,Cragg el al. 1977, Malkonen 1977, Flower-Ellis and Olsson 1978,
: Van Cieve et al. 1981, Qprdon 1983, Van Cleve et al. 1983) and {p syntheses of data on a
glo‘bal scale (Bray and (;jorhamv 1964, Cole and Rapp 1981). To dalc. no litterfall data spccifié
to Eoreal regions in 'Al_gerla ha,ycj been published.

In general, litiér data f\éve been presented as annual production rates, often with
" broad divisions into funcuonal litter-ty pes (fohage, bark, branches etc.). Ver) few studies
M(Bray and Gorham 1964, Flower Ellis and Olsson 1978) have provided data on the

cantribution of individual species or specific hue.r‘types lo total litter producuon rates. In

.'a;ddil'ion.; seasonal patterns in litter production ha&'; sgldom been réported. While
meésﬂrémenls of :;nnUal iran;f'ér of litter‘ in broad categories are required and appropriate {or

Y

lhe construcuon of nuttient budgels more detailed information is necessary when considering

" the ecologlcal behavior: of mdnvxdual specnes and their role in the commuml) and ecosystem.

Plams may comrpl nutrient Tuxes in litter throixgh the allocation of nutrients during gro»‘vlh

" and their'r‘esor;ﬁion pribr to litterfall. The extent to which plant physiological processes can
iﬁﬂuenc@ general nutrient cizclingb patterns depends on the relative importance of physiological |
' andv- environmental féc_lors in controlling the rate and timing of litter production.

This paper describes litter f)roduction over a one to two year period in 12 jagk pinc

(Pinus banksiana Lamb.) and 2 white spruce (Picea glauca (Moench) Voss) stands located 1n

two areas of northern Alberta. The specific objectives of the study were: 1) to determine

'A version of this chapter has been accepted for publication. Fyles, JW., G H. La
Roi and RA. Ellis. Canadian Journal of Forest Research. ‘

50
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production mlz:s of photosynthetic, reproductive and stpmctural litter and the relative

. :
contnibution of different species and litter components to total litterfall; 2) 10 examine
u)n!'()lk on herfall lhrough correlauon of producuon rates with stand charaaensucs and 3) ‘
to sprerpret SL(]S()nal patterns in litter production with respect to posslblc controls on litterfall
within slu.nds.

S ‘ ' ‘ ' /

4.2 Stud Arcu-

Data wc‘rc collected from seven stands located in.lhc Hondo-Slave Lake arca (HSL)
of north-ccnlral_Albértea and.ff'rom eight stands in the Athabasca Oil Sands area (AOS), in
northeastern Al.bcrla. B(I)tlh study arcas arc found within the Boreal Mixedwood Section of
Rowe (1*‘)72..). Characteristics of the monitored stands are summarized in Table 4-1,

The seven stands in the HSL area are located in an arca of sand ridges with
interspetsed wclla’n.dsv (55° 0() 10" N; 114° 00'-15" W) adjacent to the’ Athabasca River and
about S5 km sontheast of lhc town c:?Slavc Lake. The sands ongmaled as fluvial deposits in
post-glacial lakes (St. Onge 1972) and have subsequently been modified by aeolian processes.

The upland vegetation of. this area is a mosaic of open jack pine/lichen woodland,

closed canopy jack pine or trembling aspen (Populus tremuloides (Michx.)) forest and
scattered stands of white spruce with pine and aspen..Among the stands monitored in this
study . four (HSL1, 2, 1';1. 12) represent the ngn' woodland type dominated by jack pine with

a_shrub laver cdmposed maiply of bearberry (Arctostaphvlos uva-ursi (1..) Spreng.),

l_ingonbérr)' (Vaccinium ’vilis-idaca L.) and blueberry (Vaccinium myrtilloides Michx.) with

‘ : 6ccasional ércen' akder ('Alhus crispa (Ait. ) Pursh.). Ground cover is strongl) dominated b\
‘hchcns parlncularl\ Cladma mms (Sandst.) Hale & W. Culb. Small white spruce are
-oceasionally obscrved in stands .of this type. HSL3 represents a closed canopy jack pine forest
“;ilh a w_cll-»dcvelopcd shrub canopy, of green alder and a continuous feathermoss groundcover

dominated by Pleurozium schreberi (Brid. )»-Miu Scattered, subdominant or suppressed whuc

and black (Picea marnana (Mill. ) B.S.P. ) spruce occur in this stand. Mlxed pine-spruce forestA

18 rcpresemcd by HSL4 and 14. In HSL14 whlle soruce and jack pine form a codominant tree

\
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canopy along with scattered aspen. The shrub laver consists only of scattered low shrubs

mcluding 1 onicera involucrata (Richards) Banks and Viburnum edule (Michx.) Rafl. with a -

few voung balsam fir( Abies balsamea (L:) Mill.). The feathermoss groundcover is almost

coninuous, being composed mainly of Hvlocomium splendens (Hedw.) B.S.G aﬁ‘hd

Pleurdrium schreberi. The tree canopy of HSL4 consists primarily of white and eccasionally

black éprucc.' with scattered aspen and paper birch- (Betula ‘papvrifera Marsh.). Balsam fir

forms a well- dcvclopcd sub-canopy. As m HSL.14,\the shrub laver is poorl\ developed while
3\

the uoundmvcr of lcathermoss is cxlcnsxvc
. Soils of the HSL area have developed from acolian parent matenals and are

prtdommaml) orthic and eluvnalcd dystric brunisols. Orthic and brunisolic gra) luvncols‘occur

-

. 1n some locations,

Thc cight slands of the AOS arca are located on a lowland plam east and west of the
Alhabasca River (57°- 58“ N; 111° 10 -30° W) 30-120 km north of Fort. M"cMurra\ Six of the
stands arc found on sandy outwash malenals‘modxﬂed by aeohan processes -while the

rcmaining two stands occur on glacial till.

The vegetation ol the AOS area, Similar to thal of thc HSL area, xs Lompnsed of a

’

mosaic of upland forcst among wetland fen, bog and bog forest. Upland areas are “ 3
X @lf

4 4N, 8, 10) are ty pncal of the open woodland type ‘with Pinus banksiana trec c‘, ep\

?

warr shrub layer of bearberry lmgonbcrr\ and blueberr\ and an extﬁq,sWe nover or Cladx
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4.3 Methods

.
"

The plot lavout used in stands HLS1-4 and 3\(‘, AOS stands consisted of a SO\ SO m
macré’pl’o"l divided into 5 x 5 m plots with alternatc rows designated for samphng. Ten plots
were randomly sclected and equipped with a 0.5 x 0.5 m wood and Tiberglass screen (2 mm

mesh) litter trap, positioned in the center of the plot, 0.3 m above the folest floor. The plot
LR 4
“layout in stands HSL11, 12; and 14 consisted of a 25 . 25 m arca with 10 traps posttioned it

random locat:ons Traps in AO&A and AOSS were rcpcalcdl\ dmrmcd by bears and were

replaced in mid-summer with 0. 1 m’ traps made from steel drums.

Liucr was collected f'rorp traps at monthly or biweekly (AOS stdnds, September and

October) intervals during the snowfree scason. Traps were placed on the ground prior o the

LN

first snowfall and empticd the following spring lo measure litter production during winter.

»

Litter was momlorcd on a May to May annual u’c.lc 1982-1984 in HSIL.1-4 and 19831984 1n

the other 11 srands

»

A .
Once collected, the litter was oven-dried at 65%C and sorted, prior to weighing. into

Toliage by species, male cones, and structural material. Fhe structural category combined
bark, twigs, and attached lichen. Branches larger than 1 cm diameter were not collected

o ,
because small litter traps were considered (o be inappropriate for mcasuring the pmduu,um of

0
such targe litter. Female cones were scparalcd and éxcluc*ﬂ (rom lhc litter because, 1n mana

L]
cases, this material had been deposned in the trap by squxrrels and drd not rcprcscm actual

traps and therefore could not be mcasurcd Small amoums of largc pamculatc frass were
cxcluded prior 10 weighing. All individuals of cach lrcc species in cach stand were counted and
measured (dbh) 1o al;ow calculation of density and basal area. Dommanl trees were aged by
~coring 3Q cny a'bO\;c the base. Mean annual l;asa} arca increment was calculated on an
irrdividual tree (BA/Density/Age)_ basis. Litterfall was calculated on the basis of stand arcrr :
and tree basal area (litter wcight/B/:. foliage liuerﬁ by s;?ecics). Daily liteer producton ralc:
were calculated by dividing the weight of liucrvcollcctcd m a given colléction period by the

number of days in the period. ' T z,

il



Prchmmar) data anal)sxs revealed consxdcrablc vatiation in homogenen\ of \'qrt?ncc
dnd normaln\ among stands and litter lypes such that parametric statistics could not be |

umt«‘)rmh dpphcd tnhroughout the data set, c}en with Lransformal/nons In order to-ensure

ndase
uniformity of criteria among analvses the Kruskai Wallis n,onparamemc anal\ sis of varnance

T

~ and thc multiple comparison lechmque of Conover (1980) were used. Sxmple hnear cOrrelauon

(/dT 1974) was used 10 correlatc]mer prgducuon with stand variables because assum;\mons of
" paramcetric tests were met by these, data. i
Most data ‘have beén prescx:lcd as median. values raLher than means: becausexman) of
‘ Y
the ddh\! gLy were markedl\ skewed by {ne patch\ dstrxbuuon of vegctauon wahm sxands

P

' e
(L g dldcr clhmps in HSL1 4fd 2 2). In dala sets with normall\ Jdrstributed obscrvauonsylhc

’_medlan will cqual the mean, while in skewed sets, the median is more descriptive of the ﬁcld

. "“fr

-

situation as 11 1s less scnsiUV,C to extreme valucs

44Rcsults‘_‘ 5o ' ,
‘ fmnual lmer producmon in the HSI. and AQOS stands ranged from 42 10 344 gm?=»
. e
w;lh mean producuon in. 1983 equa mg. 147 g m'* (Table 4-2). Foliage litter: prcdommaled

' rcpresenung 62% 10 96% of lOlal huerfal] ln stands with an alder shrub canopy, alder leaves _

madc up ]css lhan 15% of tolal follage uuer despite hlgh abundance of this spec1es m HSL3

LY ’ S o’ N '

N »
\ ‘Malc cones had a maximum conlrlbuuon of 12% of total hLler and averaged much lower
(4%). ,blruuural mlcr( mcludmg bark tmgs and as;oualed matenal mddc Lip on avcragc

lﬁ%ﬁr the total but reprcsenled as much as 35% in some cases.

[°]

\j 7

‘; Summer weather condtions dlﬂ'ered markcdl\' between the two years momtored with

May - Jun¢ ramfall in ]98’ less than 25% of . normal and June-July rainfall in 1983 more 1han

- three dimes normal These dxfferences in weather ccmdmons may have been reflected in the
gencral mcrease observed in plNeedle and structura] huer producuon, bctween 1982 and

. 19,83 Parallet increxses | were not observed in foliage litter from other specnes

w4
°

- «L mcr producbxon was sxgmﬂcanlly correlated with stand o1 spec1es basal area (pme

‘needle litees \\'vnnc BA r-Ov%l p<0:01; spruce needle lmer vs spruce BA r= O 99 p<0.01;
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Table 4-2. Meddan annuil production of UiJfferEnL"lﬁi-t‘fcr types i m“xyr‘.\*r\:w;mt
» stands. Within each litter type stands with the AN FUFRTPEEININ G
ot not differ significantly (P».05). ‘
‘ - - : e :
Stand Pine  Spruce  Fir °~ Aspen Alder -Foliage - M3t¢  Structural lotal
C Cones Material A
at .
_____ O S
HSL3-83 184.73 ~ 0.lcd - 0.0b:0.0c 19.2a .220,3a‘ t1,6abc 10¢.7a YT A
HSL&-82 3.7gh ~135a0a 23.2a 6.20c '0.0e 196.4ab  13.4ad ‘, su.ranEOv e Y
HSL 14 9v5_. de 78,10 0.0b 25.7a ° 0.0e 215.43b  4.0efg 37.%alC i"v"v.L;ut
?iéﬁ 93.8ab 30.1a 11.4b  0.0e  136.0bc 7:7cd 93, 7ab PR
150.7am'n ‘o;oa 0.0b 0:0c. 0.0e 180.86c  6.1de _ur.nan&h o ien
r?ZL?-BB 133.bc O_,'Od‘ 0.0b. 0.0c  2.9abc 1e3.1c 5.90e PRI IRRERLE
H5L 3-82 106.9¢¢ d.dd 0l 0.0c 18.753 133.0c8 1Y.6s 17,0t TERR RN
MSL11  139.2abc 0,02 0.03 0.0c U.ée 139.2¢ 200 M.Olg el
HS5L1-83 124.200 0.0 0.0v o.og Q:Ebco 125l}cq Fofgh o e.ofy RN
HSLD-82  90.8Ce 0:0c ~ C.0n 0.0 }i?abc 95.1de  8.1bic 1.t ey
HSL1-52 1D8.93¢ . 0.3 ~ 0.0p 0.05 (.2cd 1l4.7¢e  4.pe! Goses s ‘
2053 7730 £.05 0.0 0fc- ‘5.00 B0.6ef  S.ety 17l )
RTGON 75.wef S ,"C?,OL. . O.f)c . ;’iO.Ge 77.7efg  3.90gns 17! o D ,
AOSYE 83.0ef o.bg o.Qo' 0.0c f 0.00  B3.0ef 2.937%  v.8rg w
ADS 75.0ef 0.0 0.0v 0.0CJ/ 0.0e  75.0efq 0.3 g CANST
AQSLN 6x.1fg  +.0.0%  0.0n C.Oqs O;Qe 62.11g 1.1, T, gt Bt -
ADSINT F769, 710G 'cﬂgé"' 0.0y o.u% 0.00 €9.7fg 1.2 Teq ey
ACS 1S ooefn  tloi £.05 e GG £s.Efy LOLL i e
R0se T 1m0 c.oo 0 ,O.ét 6o 3830 ERE ’y ;
, .
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‘, mr.rl i nc cone, struuural lmcr Vs lora] BA r= O 69 0 §3 p<0.01). As a result, values of

i '_lmu wughr uprcsscd in rclauon fo bdsal area (l\g lmcr m*’ BA) gcncrall\ fall within a

~

" Cnariow mng( (Tabic 4-3). lrllcrfall er squauc mcrcr basal ared was not correlaled wrth stand

A "",;ri\r'sm 01 dg(, The abnormalLy hxgh valuc for slruclural h’flcr in H$L3 probabl\ TCHCClS thc

,\ ':'%"uumn of the July 198? hanlslorm whrch aﬂccled only thrs stand V: iues for pine and male .

¥y

come ler m this 5land do not drﬂcr greatly from those of other stands mdrcaung lhal lhc

storm affgeted onl\ struuura! lmcr Thc lovr valuey of Jitter m ¢ BA oblamed for pmc dnd

aspen foliage in HSL4 suggcsl that the producuvm of lheb(é large old 1rce< is. very low relative

to the codominant spruce;. lmpl\mg that pine and aspen may be dvmg out of this stand. In

ping, this chu docs no’l appcar lO be smcll) related 1o agc bccause pmcs m AOSSN which

4 .-

.m of similar age to lhosL in HSL4 have much hlgher litter m * BA valucs

Scasonal vananon in Imer producuon is dcscrrbcd by daily htlerfall rates (Frgure .
4. 1) Patterns shown for each lmcr type are typical of all stands with oae excepuon (AOS 4,
nccdlc litter). As cxpcucd the dccrduous species (alder aspen) showed marked seasonahu in
foliage hucr production, wuh hrgh rates of lrlterfall obser\cd only in the autumn. Among the
coniferous specicy, pmc and spruce also had drsunctl\ scasonal pattefns, with littertall rates .
being srg,mﬁcfmtl_\ hrghcr in the autumn than at-other times of the vear. Among scveral

: i,
studies on Luropean conifefous fogests reviewed by Bray and Gorham (1964) seasonality in

‘liucr production was commonly observed in pine (Pirrus) species but was not observed in

spruce (Plcca) I-olragc litter producuon by balsam fir (HSL4) dlffered from that of the othcr

conifer spccrcs in that producuon rales did not dl“t" srgmﬁcaml) bctween samplmg dalcs

R £
“m v “ K e
e
<
W

over theMwo vear period,

st
i

Fer
*\!if‘\

Producuon of male cone litter followed a regular predrctable pauern with observed A

%

rates bcmg hrgh in the spring and diminishing as the seasons progressed Lo Jow levgls in fall

and winter. Bark and twig lit erfall appeared 1o have no consistent pal;crn among sites or

acrd‘ss“scason,s. The high daily rate of structural fiuer production in July 1983 in HSL3 reflects

the influénce of local storm aalivity during that month as indicated_above.
. (_7 . . ‘ B

. ‘ J
|
i

A
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u

Table 4-2. Annual production of fokiage litter expressed
: relative to basal area of ‘each species and male
cone and structural litter expressed relative
to total stand basal area.

Stand Pine Spruce Aspen . Cones Structural
' o Material
———————————————————— kg BA m'7-------—-—z—--——~—--
HSL 1 104.4 2.9 6.9
HSL2 65.:7 ‘ 2.9 11.5
HSL3 N 55.5 - 1.1 - 3.4 31.9
HSL4 7.4 . 32.7 2.9 - 2.0 1%.9
HSL 11 78.2 ‘ 1.3 5.6 .
HSL12 64.8 ° 2.2 15.1 .
HSL 14 54,7 42.7 62.7 1.0 9.4
ROS3 = - 66.1 ' - 4.3 1.5
<, AOS3N 70.4 1.2 7.4
&y A0SH 79.8 0.3 7.7
" -ADS4N 33.8 0.8 16.8
- AOSSN 41,9 45,6 2.1 9.3
- ADS8 60.8 ' 0.2 S IR
ADS10 41.3 P “ LY
HDS15 31.5 0.5 4.8

& - , ,_ , : : —3
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anure 4-1, DaxI) producuon of vanous litter types by sampling penod in selected stands. W

denotcs the winter penod Penods wnh the same letter do not dif f er sxgmf icantly -

(P);O 05). Nontonsccunve letters mdlcate an mclusxve range
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Stand AOS4 was remarkable for its lack of scasonality and atypical pattern of Fohage-

litter produelion (Figure 4-1). During the sampling season it was observed that lhiwumd was
undergoing a severe infestation of bark beetle. Insect- mduccd sLress probabh ammnls Lor lht‘

unusual paltern of necdlc litterfall. Production of male cone and bark litter did not dppur to

be similarly affected. ' w3

~ 4.5 Discussion
Litter broduction in coniferous forests of the boreal region of western Canada has not

been reported in'the literature. Cm however, arc available lrom borcal forests
of Alaska and Sweden. Thc lmerfall rates of 95-136 g m *yr! mcasurcd in upland white

' spruce stands in central Alaska (VanCIevc et al. 1983) are wuhm the range of our Albcna
data as are the réles oblaine,d fror;1 many upland dccidum;s‘:and lowland conifcréus l'orc;ls in
the same area (Van Cleve ef al. 1963 Van Cleve and Noonan 1975) -despite the ldl’{.C

kdlffercncc in latitude. Litterfall ralcs in Scots pine (Pinus wlvcsms ..) stands in 5wcdcn

- ranged from 58- 170 g m7yr!, very similar to lhe rangc obscrved in our jack pmc/hchcn
-stands (Flower Ellis and Olsson 1978).

The central Ontario jack pine stand examined by I-ostcr (1974) was Iocalcd n th |

Great Lakes- Sl Lawrcncc Forest Region (Rowe 1972) at a latitude ol 46° N. thlc not
strictly 'boreal, this stand was similar to HSL3, growing on sandy soils Wilh a jack pinc canopy
and feathermoss forest floor but without green alder. Thc,‘ central Ontario stand producc:f

" more ]iuer_(370 g m".yr") with half lﬁﬂc'baéall arca*‘«g;f‘HSL.'&, suggesting that higher litter
producuon;"i“s to be expectevd{ in milder hemi‘b;).rcal ihan in southern borcal climates, despite
close similaritiesin stand corﬁpo;ji,lion. Sirriilarly, Perala and Albén. (1982) fdund that jack
pincvplamations_ with basal a‘feass;imilar to HSL3 and growing c;n sandy énd loamy soils in
Mihnesota (lat. 47° N) produced twice as much litter as MSL3 annually (530-620 ¢ m;y“yr 9.
These data are condistent with the g‘ehicral increase in litterfall biomass with decrcasing laljtddc

observed by O'Nejll and;DeAngclis (1981) and Van Cleve ef al. (1983).
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Litter producuon \arncd widely among northern Alberta jack pine stands with: ovcr an
- cight - lold dxﬂcrcncc buwccn stands of lowest and highest producuvn\ Much of this
vanation could be attributed 10 differences .in basal area arﬁ'oi;ug stands. In tree species of"’the
Mivedwood Section, basal arca is directly propomonal to the blomass of various tree
u)mponcms including [ small branches plus foliage (Singh 19§2). Obscrvcd relauonshlps
bclwun litterfall and. ﬁrca probably reflect the control of stand biomass on litter
pm(lucn@. Ultimately, therelore, diffcrcoccs in litlc;‘broduction among stands must arise
“ from diffcrences in clirﬁatic “and site factors which control plant growth and overall stand
productivity. ST |
The rclationsbips between litterfall and basal area suggcél that the conlrfbulion of an
individual species lOL;IOlal litter produclion in a mixed stand is related ‘lO its proportional
contribution to stand basal area. The relative importahce of specnes in a mixed stand depends
Iargcl\ on mlcrsptuﬁc inleractions durmg stand growlh and ecology of the speues involved. b
Thxs is ilfustrated by HSL14 in which the contribution of Jack pine to total stand litterfall agd
baSaI arca is high, despite the low density of this species, because of the high mean growth
rate (annual BA incremcm)‘ of individual jack pine in this stand (Table 4-1). This high
growth rate is pfobabl_v the result of lack of competition with slower growing spruce early in
4smnd;mswry and it is likely that the relative contribution of " jack pine to total litterfall was
‘higher when the stand was younger. Similarlly’:dallhoogh'_}he present co;'n-ribution ovf green
alder to litterfall in HSL1,2 and 3 is relatively. small, becaliise &vfii"’s Species sproulsl from root -
stocks after fire while‘jack pioe must esaablish""frorﬁ'fs.eed (Heinseimarg'1981) the relative
contribution of this Specxes was probably higher in younger stands. Thus, detailed exammauon
of growth rates of species in mixed stands can provxde mformauon whnch are of value in.

\
: ._underSlandmg long—lcrm litterfall and organic matter dynamics.

_ Seasondl patterns in daily litter production rates provide insight into the factars which- '

‘control litterfall within g.stand on a seasonal or annual<basis Structural litter production

f ollowcd no dlSllnCI pauern Bhl on some occaslor\s was clearl) mfluenccd by weather

“ -

aondmons Thls suggesls that bark huerfall %pnmanly controlléd by random processes

.é
.
>N
”»
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such as storm activity: The patiern of foliage litter production outside the autumn penod was

similar 10 that of bark, and twigs but, in mam case,mily litterfall rales were much Tess -

variable between months. In addition, foliage litter did not appear to be strongly mfluenced:

“

storm activity. This implies that the controlling factors were much less random, perhaps
implicating chronic, low-level herbivory or discase activity, 1f such factors are active, leal

abscission may represent a protective plant responsc. Winter foliage litterfall mayv be alfecred
* by snow or icc loading but the significance of these Fagtors could not be independently
" . Qo B - . R . N4
determined. 4 ol . >
hs ‘, “

The hnzh autumn hllcr production ralpé observed in all spcues except balsam fir
indicate that a proportion of fohag.c lmcrfah l\pualh 30- 50 % of annual foliage htier, is not
controlled b\ random cvents, but by prcdnclablc sc&sonal ph\snoloycdl changes which oceur

in lhdmdual plants. A snmxlar situation is apparent in the: paucrn of male cone litterlall which

) I
wa$ high only in the carly summer follcrwapg pollen relcase. The laLk of a d:stmu autumnal

.p(']fak in foliage lnler in msccl infested AOS4 suggests that the comrolhng physiological
conditions can be altered by external stress. It is possiblc that the lack of seasonahity in fir
r}ccdlc liilcr in HSL4 is indicative of a stressed condition in the fir trees ‘which may be
‘dbjccted to adverse light or moisture conditions because of their subcanopy position beneath

the dense crowns of the dominant white spruce. In this situation, scasonal paticrns might be

j overridden by physiological processes (e.g. carbon, nutrient allocation) involved in maximizing
,f the uu‘!jzation of resources distributed unevenly in space or time. The tendéncy toward an

I' aulumn peak in fir‘liuérfall in 1983 (Figure 4-1), a vear in which water stress would be

minimized by high rainfall, may,support thls contention. It would be mlcrcsung 10 measure

1

f

7L scasonal litterfall in stands in which fir formed the dominant canopy to dclcrmxm whether the

aseasonality in litter production related 1o its stressed subcanopy position. If litter production ‘
patterns reflect the general physiological state of plants as influenced by individual stress \
factﬁ’rs as _\»;cll as by syncrgistic effects among factors, monilovrin‘g ol Nitterfall and calculation

of daily litter production rates may provide a means of detecting the impact of man-made

stresses, such as pellutants, on forest stands. Such monitoring would necessarily be long-term
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i natuie i order 1o accomodate cyclic processes such as pollcn or seed cone production.

WL rccognuc.lhal shor-term litterfall momtormg can provide onl\ approximate
eshimates of produclion rates because the full range of annuzh‘variablili.t_\' in weather
conditions cannot be sampled a'dcquate‘ly in 6nly a 'r‘ew vears. In addition, relationships
between hivterfall and longcr term cyclic brbéé‘ssc; SUCh‘"ZViS lcgf' turnover (;r cone production
cannot be identified during short monitoring peridds. Althoygh the present study was short in
duravon, the general Londumons are bascd on a large and structurally and gcographxcallx
diverse group of stands and thus are probably rcglonalh applicable. Thc results suggcst that
differences in litter production between jack pine stands in northern Albcrta relate prirharily
" 10 differences in basal area and', by implication, stand biomass. Thesc paramélers are
« :gommllcd by stand age and climatic and site factors which determine stand productivity.. ;

_ Within a stand. controls on"‘l,illcrfall dif'fer among litter componcenis. Structural liu\crfallﬁis
conirolled by random processes associated pnmanl\ with weather. In comrasl foliage and
malc cone litterfall appear to be mainly undcr plant control, representing responses Lo
scasonal changcs in physiological state or 1o pathogen éctivity. The cycling of organic matter
and nutrients lhreugh plant litter,” and thc characteristics of accumulated organic matter on
the lorest flogr thcrcforc polenuall\ reflect ph»sxologlcal characlcnsucs of the’ spcues whxch

) :
dominate a sland. ’
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5. DECOMPOSITION OF BOREAL FOREST LITTERS FROM CENTRAL A.LBERTR‘K"‘"‘ v
. UNDER LABORATORY CONDITIONS! S
5.1 Introduction - , v n,
Decompositi‘oi’: of litter in boreal forest ecosysiems directly or indirectly affects a

variety of ecosystem ahd community processes. Tf\e cycling of organic nutrients (N, S, P),

and site fertility in general,’are strongly influenced by the rate of litter decomposition and
concomitant nutrient rel'easel (Melillo and Gosz 1983)'. Rates of litter production and

decomposition control lhe accumulation of fire fuels on the forest floor, and therefore
influence the sﬁsceplibilily of a stand to fire and fire intensity (Rowe and Scotter 1973)._The-
regeneration of‘ boreal forest stahds debends upon sprouting of plants from rhizomes,

germination of seeds from the forest floor seed bank, and establishment of seedlings from

post -fire seed fall (Hcmselman 1981), all of whnch are dependem to a large degree on pre-
~ and post-fire I orest floor accumulations and thus on litter decomposition rates,

' ' Whlledecomposmon processes are pnmanly controlled by climatic conditions,
specifically temperature and moisture availability, the c_hemic(al composition of litter is kiown
to be a strong modifying factor (Swift ef al. 1979). Decomposition}raﬁ has been found to be
correlaled with lignin content, C:N ratio, Ca, P (Van Cleve 1974), lignin:N ratio (Melillo er
al. 1982), so.luble ca';boh.ydrates (Modre 1984) and ténnins or other polypigenolic compounds
(Swift er al. 1979). . - ’

This laboratory study of litter decombosition was conducted as part of a broader .
investigation of tﬁe ecological relationships among three f ores; stand types which commonly
occur on sand)”seils. in the Hondo-Slave Lake region of north-central A’lberla. The forest

]

types under investigation are; 1) open jack pine/lichen woodland dominated by Pinus

banksiana Lamb., wit__‘h lsparge dwarf shrub layer of Arctostaphylos uva-ursi (L.) Spreng.

and Vaccinium vitis-idaed L. and an extensive ground cover of fruticose lichen, primarily

Y - ‘ )
Cladina rm'tis'(Sandst.) Hale and W. Culb.. ; 2) closed jack pine forest with scattered white

'A version of this chapter has been submitted ;for publication. Fyles, J.W. and
W.B. McGill.. Canadian Journal of Forest Research
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snrpco (E;g glauc (Mocnch) Voss), L&Lonunuous lall shrub layer of grccn alder (Alnus

Crispp (All ) Pursh. ) and a feathermoss g%pndcovcr dommal” by Pleuronum schrebgrid

&

(Brid. ) Mitt..; and 3) mixed pmc/sprucc lorest with Lodomm:ml Puea glauc. a and }’mus

ganksmna a-well developed suy’hop\ ol balsam fir (Abies balsamea (l ) Mrll ) nnd a

continuous fcathermosq ground cover dominated by Hvlocomium splcndcns (Hcd“ ) BS.GL

Thc oblccuvcs of Lhc stud) were: 1) to dctcrmmc whcthcr litter from |hc domm.ml

e,

spcues m these stands dccomposed zu;hffcrcm raws undcr controlled umdnmns Mo
rdcnuf') &hcmrcal charactcrrstrcs of litter which controlled decomposition rates: and 3) (o m

lo relate any obscrved differences in decomposmon rates 1o the structure and function of lhc
Iy
forest stands under study ang the ccological roles of individual species within them.

N

P .

© 5.1 Methods. ., K

2

FE »

Pmc whne spruc& frr %nd alder foliage litter were collected in wood and screen litier

N\
lrapa durmg Septembcr and O&“bber 1983 and oven- rrcd at 60°C for storage prior to the

|é,,¢’ A A

‘study Pleurozrum.,Hvrocomrum and Cladina were col ctcd from the ground in approprmlc

pre At ! LA

iy
'\tands durmg thn samc penod and sorled o remove Vascular Ittiter and auachcd prcnoush

decomposcd parls gf the collected plams Since bryophytes-and lichens are known to be

resrstam to severe dcsrc auon and mrght thcrclorc remain aljve ror some time into the
§ q

»

‘decomposruorf s.gudv' mg brybrd matcnal was auloclaved for 30 minutes prior to oven-drving

(.(’ W ‘.

‘and stqrag& T'frrs maLeI‘lal thcrcfore was not litter iff the strict sense but was plant material

krlled b) aut(xla\'mg rather lhan by natul‘ata senescence. ll was assumed that br)oph»tcx and

V3 . -

lrchens whr&hﬂa{fk eWell devclOped vascular tissue, would not be capable of translouumg

‘nutr{cnls om of sqnescmg lrssue sq that natural litter would not diffef grcallv from killed

trssue An addmonal lmer type wa§ prepared by cutting pine needles into 1 Crm seetions in
order to observe the ef’ f ecl oﬂ commmuuon on dccorﬁposmon Samples of cach hucr lype

were soaked i drsullcd water for one hour, allowed to drain freely and weighed to calculate a

.

'wel moisture content which could be maintained during the incubation. o

0y



Tn
)

I lV( or lcn summcs (£2g), were drawn from mixed ¢ontainers of gach lmer l)pc

dml/v.{lghu. to the nearest 0.1 mg Each sample was placed ina 7 cm dlameler plastic cup

. "
N ymmuqu l()() of sand oblamed rrom Lhe soil Bﬂonzon of one of the liter collection sises.

\

Jhse an cup« Lomammg sand but no ln&cr were uscdlas con: rols The sand was used to support

e
B

l‘u huu wh:lg provn:lmg a TEServoir 1o bul‘fcr mo:sturc fluctuauons in the litter durmg the

L o

o mcubdlmn l‘d(,h sample’ was innoculated wuh 10 m!of a So:l suspensnon (5:1 dxsnllcd
L v.mkr:loresl lloor lxltcred through mm meeh and glass waol) 10 ensure umfomaﬁ(of
~ - w4

duomposcr populauons among samples An amount of water equwalum to thalpreqmred 1o

i
¢

hrmg th huu 1o its wet Welghl and the sand [Cl ﬁeld capacxt\ was added to cach cup. Each

l

©cup was tovcred wuh a thm polycthylene sheet perfora-led withf small" holes 10 maintain

| f“' humldm Dnsulled waler was added tw1cc weekl) in'a fme spray to malmam wet wmgbt L
f‘} ThL samples were mcubated in the darl?:at 23+1°C for seven, ﬁve week penods lo B
7 glVL a lOlal decomposmon time ol" 35 w;:cks NAL the end ol” each penod the Cups were
dit-dried at room Lcmperalu&{and l{len allowed 10 e_qumbrate ina sealed cabinet over ¢
saluralcd (,aCl,‘soluuon (32.5% relative humldm (Slavnk 1974)) pnor 1o welghmg to the
ncarccl 0 1 mg. The lxuer,usuall\ dned wlthm 24 hours but a three week penod was reqmred
1o oblam adcqualc drvi mg of the sand and equ;lnb'auon al constanl humldnv Oven- dr\mg,at

. clcvaud lcmpcralure W )uld have speeded the proccss but would havt; subjectecl mncroblal

populal:Ons 10 unnaj: l dCSlCLaUOﬂ It was ‘assumed that decomposmon was neghgxble durmg

¢ Y
£y Iht clr\mg period. Alter wcxghmg the samples were Ymmstened gradually, using dlsulled

+water added m a fine spra\ to allow lhc water 10 spak-into the litter. oy

: Thc l’.3R non-l‘nc'ar lcast,squares regre‘s‘sion of the BMDP statissicai analysis package

v

(l)non l% ) was used to fit deea) cquauons to weights oblamedval the End of each- five week _;

. - s

‘, mumanon pcnod for cach sa»mme In us general form.,tlw equauon used was: .
N L 4 ) , S o 8 . ; . ‘\ . X s
T Voo ' oo . - I } L . - . e ‘ .
s T ookt kU ke s T '
. AN o e ) AI: Amev T Aoze < ,+, Aoge’ ,'..‘.' o [f] ) ) s .
. . . R . . R o Do
. e i : Lo : Lo
TR o o . S . . - , v \\ o o A .

4 -, . \ - . N ~ ’ (
RN m Whlchwé is the percem “of the lmer remammg al time t. The rnglu side of th t\%quauon

-~ Dor &,\ « . *
. - n A i R A . N . :
" . o L ’ o & ’ > >

3 . “y o ' . ’ ‘. “
e T o e N RN . . . L. R -



sents a scries of comp'onems. cach having an initial (1=0) conccmratiﬁn (A,) m the

oﬁ homogen_cous sul;stratc is described by a o,nc_ component model (Olson 1963): 3

ind havmg a umquc dccomposmon rate constant (k). In 1hc simplest case decomposttion

s » MLt [ 'S
' A :—-‘ AL kt ‘ 2]

. In this study, equations with more than two terms could not be fit to the dhta probabiy
because of the small numbcr of dala points per sample. Thcrcl’orc only one and (wo

“ Lomponem (smgle and double exponenlxal) models have been. dlscussed The use of these and

other mathematical equations to-model litter decomposxuon has becn revi CW((l by W‘kdcr and s

Lang (1%2) The residual sums of squares (RSS) calculatcd using thc 1wo equauonu ;-

R

Slmulalcd data wcrc used 10 dctermmc whcthcr cxpcnmcmal CITOr in dala rcpr(‘scnlmg
¢

simple cxponenual deca_\', could have iricreased the RSS ol the one component model relatives

M ] %)

to that of tbe two component model and lead to incorrect conclusxons rcgardmg thc relative *

compared 1o deterriiine then relallve goodness of fn to the dala

'v

£ _
o fit of the modcls Thc smgle componem equauon [2] wnh a rate Lonstanl choscn from wnhm B

. the ranges of lhose obtamed from the expenmemal data (k=0.05 wk '). was used (o gener ae

g

the sxmulated dala sets. Error was xmroduced by calculatmg pcrcem WClghl rcmammg (A \
L

,’ .
for the time mtr'rgals used 10 t«hQWmCubauon ar)d., lng a randoml\ deterpined rcsidtlal o o
. . wﬁ :u'w: b ‘Yﬁq . i < f . . .

cach value Tne resnduals were normall) d i med wuh 2 mean of 7e10 and a slandatd

o dev1auon of 1, 3or 5% One h‘nndred simulated samples were gcncratcd and a two componcnl
b .
model was fit to each daia set. Equauon parameters, correlau(s)ns bctwcen paramclcrs and

f’esmual sums of aquares were compared bctwecn the %o component ‘equations of lhc

experlmemal and the sxmulated data 3 . ‘
. “ ..

" Rate constams were compared usmg lhe procedurc for companson of slopcs and thc

Newman Kuels muluple rang/c test descrlbed bv Zar (1974) 1o test for dlffcrcnccs among thg

slopes (k) of lmeanzed one componem equanons (ln(% wexghl remammg) Vs Umc) ;p

COmpanson among lmers and thhm lulers among ume penods used hlcrarchlca,l a&l srmplc
- ' . . . : " . ' ) .‘ } f: L 'a
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'

designs respectively,

tmple lincar correlation was used o correlate rate constants with litter
» .

r.h;nm‘lvrisucs
Chemical analysis of litter was camed out as folldws total carbon bv drv combustion
’A“uslng d l ECO aul(]mam C analvscr (Mckeaguc 1978) lolal N using a sulfuric acrd/peroxrdc
dlgull()n (Thomas el dl, 1967) followed bv NH," determination using standard autoanalvser
M\mqucs (Techmaon lndusmal Method #334 74W/B+ 1977); solublc tannins using the
}olm Denis reagent and a lanmc acrd slandard (Allen er al. 1974); and lignin followmg

-

Effland (1977). - n,

5.3 Results ‘

Mf)Sl litter lypreQ followed the expected ‘curvilingar patiern of weight loss over thc/q
week incubation period (Figuré 5-1}), wirh‘rhe exceplion of M which appeared to Have
o] iniliél time lag before lh‘c‘onscl of rapid \veighl loss. The one éorrrpon;anl model, desm’bing

'simplc cxponential déra)f[Z] hl wellolo dats from all litter tvpes, including Cladina, giving

" mean coemcncnts of dclcrmmauon (r*) of 0.900-0. 983 (Tablc Sg) The mean: rate constams
(k) calculaled usmg this model ranged from O 0044 wk ! for Pleurozium to 0.0118 wk-! for

Cladma with’ no disternible pattern relatmg 10 natural group;ngs of huer types (e.g. vascu@;

v§ nonvascular) Values of the equauon coefficient (A,) (Table 5 -1) were approxrmatel)

equal 10 1.0 in all lmer types.as would be expected in a model Wthh descrrbes a homogeneous

wau w hrch is all defsmg‘at the same rate. o | .
, \ R . :

The lmer 1ypes d in this study represented a widé '_range of litter ‘quality which was
' i

‘ . N N »
“expected to be reflected in decomposition rat owever, no significant correlation was found

- between k and any of the chemical paramelc'r's asured

(Tablc 5-1). Although the orrelauon be[ween k and lxgmn N 1atio (Frgure 5 2) was
Y »
‘non-signif xcant&hen all pom[s were consrdered a sngmf icant correlauon (r =.940, p< OOl),
V.

"wa,\ oblamed when the Lomf erous needle litter data were excluctd Relative to tge other litter
X

l\pcs the decomposmon rate of coniféerous litters was higher than would have been p'edrcted
‘ b\ lhcu‘ lignin: N rano

D‘ \ ) - ‘. _»“ . '4 . - ) : ' ,‘ v .‘A',ﬁ?- » i
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Fxgure 5-1. Percentage of ongma] wexgm of eight litter types remammg after dxf f erent pcnods

. of dastnon o Cladina, a Pleurozium, DPmc QHylocomnumn O‘Fxr ICUl Pine,

& Spruce, @ (@«Jder.
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- The high coefficients of dclcrmmauon oblamcd uslng tht one componenl model

‘

lndl(.dl(.d a good fit ol" the data, but plols of ln(%lmcr rcmammg) Vs time, the lxnear lorm of

lh(. modcl ! were m many cases distinétly curv:lmcar In simple exponenual decay,,_);‘ the slope

!

of the abovc line, is constant lhroughoul the coprse of decomposition. ln the experlmemal
dala, howcvcr. slnglcnnl changes were observed in k calculaled for dlfl'erem penods ol-tthc
‘35 week incuballdll."Ovcr lim.'e. k decreased in mom llllcr types but i‘nqgogsed in Cladina »
(Figure 5-3). The rate'of decrease of k with time appcar'cd to.be highesl in litters wnhhxgh o
inilal'k values and decreaseq with decreasing inital k. Cutting pine needles into 1 em pieces B
caused a slgmﬁcanl‘mcrease in bolh inital kX and th&ate at Wthh k decreased These resulls
suggcslcd Lhal allhough the one componcm model dgcnbed the dala wuh acceptable

prcusnon it dld not descnbe Lhc luncuonal relauonshlp between decomposmon and ume The

dccrcasc m.k wuh time obscrved m most litter*tvpes mdlcalcs lhakan.least wo componems
. ‘;m‘»

v N

must bc mvolvcd in the deeomposmon progess.

,..‘ "’1&&” litter types except Cladina the two componen( mo Tedéced the resndual sum

ol squarcs by one to two orders of magmtude mdlcaung a better fit of the data than the one

component modcl. The RSS of Cladina samples wAe ;pproxin‘mel\' equal in the two, models.

.

~  Fitting two componon}&quauons to the simulated data generated usmg ther
componcnl model demonstrated that wuh low levels of 1mroduced error (< 3%) the two

component model did not regduce the RSS relguve to the one c:pmponem mQ_del. At higher |

[}

o e'rfor levels, however, thé;wo component equation had a si‘gnil’ica‘mly reduced RSS. The .
magmtude of mdwndual residuals geneyated at these hlgher error levels was, howevcr m\”
larger than that of remduals associated with two component equauons of the expenmemal
data whlch in general were snmlla; in magn:‘t:ude to th%se of ‘the %) 1% error resxdual
dxsmbuuon Thls indicates Yhat experimental data error ‘Was low and suggesw that the

A

improved it of the two component model was not the result of random.error in daLa which -
aclua.lly represemcd a one componem relauonshlp The better fit of Lhe two component model
v

is consistent with the declme in k over time observed in most litter types which 1mplles tha,t

casily decomposed materials became depleted relatxve to more resistent matenals m lhe lmer
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While these obscervations do not demonstrate that the relationship between decomposition and
numenvolves specificall{ two components, they do suggest"that more than on¢ component
must be considcyod to adequately describe the decemposition pracess. The absence of a
decrease in k during Cladina decqmpdsilion and the similarity of RSS ;n the two models
SURRESLS that the weight loss of this litter type is‘mo:;l precisely described by the one
&

‘he paramclcr Lsumalcs and assoualcd statistics dcnved b\ fitting the L,wo component

»model Lo the Invc&‘huer samples (Table 5-2) are represcmauvc of thosc'oblamed from all

.,finnponcm model,

Joep

other litters. The pararbeler estxmales vancd consndcrablv among replicate samﬂles and

1

sl.mdard devjations of, dxﬂdual esti ates were generally high relative to the estimated valuc.
m 8 »
-

* Within. Ladl equa,uowmewmsumates were highly correlated. The magnuude of standard

r»ﬂ) “é » * t i
‘,«ﬁ dcvnauons appcared l9 .mcreasc with mcreasmg correlation among paramelers such that

"

cquations with high uwl corrclallon had vcr\ low preusnon in parameter estimates. Lack
) . > . \. :

d paramclers is 10 .be cxpefled because a smgle estimate is
L]

ol‘ precision m highly”

mIluenLcd b\ !hc Q‘éuma.ﬁ of othgr paramelers and their assocxaled varnabnlm as we}l as by
4+

-« varmblhl\ Iclaltd 'dhésl) to that paramcler

\
ln lauwo componcnl model, A, and A, are considered o reprcscm.!he initial :
. PR .

conccitr,ﬁ(xo ¥ two~ hitter constituents, oflen referred (o as lhe labile and recalcitrant
J‘lﬁ%

fracmons‘( ,ang1987) ACCordmg to Lheor» A, + A, = 1so that.A, may be

GClaccd Jn %ﬁquauonpﬂ(l A, ) (Hum 1977) 1hu,s ccns: rairiing the possnble values of A,

and A;. ln this stud) 'ﬁfc aleralwe p‘rmedure coulg not (onverge on parameler estimates for a

‘. -

ma)or,‘r‘\ of %amplcs whén cons!r?‘nned equalxons were used. Usmg uneonstralned equauons
howcvcr the sum of A, and K was always approumalely equal to one (mean of all §amples
of all litters 99v+ OS(SI))) txact adherencc lO lhe A+ A =1 relauonsmp should not be
expecwd because lm'ers always -comam inert "ash” in addmon lo labnlc and recalcitrant
fracuons ‘As well, if the two componcm equation is used as an approximation of a” |
multi- c»poncnual model as suggested by Mmderman (1968}, a precxse fn is unlnkely The use

of a conslramed model may lead to.loss of information beeause parame;er estimates whxch
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indwate that the sum of A, and A, is not approximatcly équal to one may provide insight into

the quality of the original data or the nature of decomposition. o

'he low residual mean square values, typificd By those in Table 5-2, and thc clo®
#
adherence to the Ay + A, = 1 criterion, suggest that the two c(;mponem model precisely
deseribes the relationship bctwecn weight loss and time for most litters. While it can be
‘cqncludcd that the two component rpodcl is apbroprialc, variability and imprcciéion in

estimates make the development of*gencral predictive equations and corrclation of parameters

o

with litter propertics impossible.

5.4 Discussion w
A ;fxruor objeuxve of this rcse’ch was 1o determme whether dnffcrenccx in the rates

of (lc'composmon of dnffcrcm litter types could. bc aunbuted 1o differences in specmc

’ ..

-w-¢hemical characlenstncs of thg litter. Although no general relauonshxp was found bctwecn

: dccomposmon and any of the chemncal paramcters measured it was apparcm that litter

composition was rcflcclcd in the.glecomposition process. Cladina was the
a ncgllgnblc hgmn content and in addmon 1o having thg%ghest decomposm n rate, "was the
only littet with dccomposmon which could be adequately described by the smgle componeﬂu
modcl Lichen tissue is c.ompo« ed mainly of various polysaccharide compounds similar to

ccljulose and starch (Halc 1974) which, while dxffenng in moledilar structure, probabl» have

\
: slmnlar decomposition characteristics and thus might act as a homogeneous su‘bstrate during

4

-

\ decomposition.
\ .

Decompasition of the remaining litter types was more precxsa/descrnbed @ the.two
component than by the one component model..It is possible that these litters migxl have been
‘ﬁ} b;:tlcr by a mode! with more than two c_'omponems but the sryall number of da}a points per
sa'mple precluded the testing of muiticomporient models. ' j
In lhe‘expcrimental data k from the one cdmponem equations calculz;ted for different

periods of lhe 35 week incubation decreased sxgmﬁcamly in all le[er lypes excepl Cladina.

(F;gure 5 3). This'supports the conclusnon thdicated above, that decomposition of most litter

4 »

® : -
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types is not accurately described by the onc component model but follows the two component

model more closely. A dccrease in k over time implies 1ha‘ an easily decomposed componeft 1y

being depleted relative 10 a persistent component so that the substrate as a whole bcmmcsl
increasingly dominated by slowly dccomposing malcrials as dccomposilioﬁ prog?cssc Hm 1
consistent with the rapld lgss of cellulose and hemicellulose relative to lignin ohscr\cd by Berg
and Staaf (1989) during pinc necdle decomposition.” A decrease in k would also be expected i
the availability of a limiting nutrient, such as nitrogcn.‘dccrcascd over time. The formation ol .
N4lgnin complexes. si{nggcstcd by Mclillo e al. (1982), might lead to such Ngituatron but the
formaTign of these complexes and their influence on nitrogen availability has not been .
adequdtely demonstrated. lncc;rporation of nitrogen into microbial biomass could ulsuI weduee
its _gvailability"‘? making litter decomposition ra:c dgpendcm on biomass iumovex rate.”

; In contrast with the other litter tvpes, k for Cladina litter ihcr‘eascd over time (Figure
5-3). An increasc in k over time wogd/bc e

homogencous tissue if physical phenomena §

wected during the decay of a chemically

X ag lissue thickness or surface areca restricied -
. L o i
mjcrobial access to potentially decomposable materials. Cladina thalius has a dense and

' ! 8 : ‘

relatively thick inner laver (Figure 5-5b) whjch may have acted in 1his way to decrease the

rate of mmal dccomposmOn Disintegration or separa-uon of strands dunng decay would

¢,

<
mcrcase xhe surface area available for mrcrobxal colom/auon and rcsulung in faster
decomposmon . - . ' )

Mchllo et al.>(1982) dcmonstraled a linear relauow bctwecn k and“hc ml&n of =

mmal lxg n concentration to initial nitrogen concentration in hardwood lcaf hucr\ trom New

« ’,

Hampshnr and deciduous and comfcrous tree litter from North Larolma Rccalculanon of

, data presented by Daubcnmxre and Prusso (1963) demonst;alcd that a snmllar although

curvilinear, relationship (powe{funcuon) existed in the decomposmon of needlc and lcul, o t
1 +
litter under Iaboragor) condmons (100 days, 10°C, cc&nstam monslurc) Figure 5 4 bascd on + :

W

data from the presem study (105 Qavs 23,C F:gure 5. l) M|I§>la (1954) (100 days, 25“ )
Ny
and Da\benmxre and Prusso (1%3) (100 da\s ?.S°C) supporls ihe existence of a gcncral “A

relauonshlp between decomposxuoga .gmd hg N rauo Thns data sel. rcprcsenls a dw’cr\ ﬁ'
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igure 5- 5a Elcctron mncrographs af lmer after 35 weqks of decomposmon A.Cib S sccuon
f a jack pine. needle qudermal cells (E) and hypodermal f nbcrs (H) are secn in’

. cross-section while collapsed mesophyl cells ( M) are seen in f acc view because of

o o *

mon' ong an mtercellular space P\xngal mycehum covers thc cxtcmal surf ace of

>

the epxderrms and toa lcsser degree the mesophyl lissue. B. Cross section, of alder

leaf showmg thin wallcd epxdermal (E) and mesophyl (M) cclls

[ 4 <
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Figure 5-5b. Electron micrographs of litter after 35 week’s';decomposition (C)orafteran .
| undetermined period in the field (13). C. Cross section of Cladina thallus. D, Spruce
needle from a forest floor F layer. Epidermal (E) ind'hypodeﬁl"‘“(ﬂ) léycrs remain
intact relative to’meséph’y'l cells,Whgéh are represeti'wd.onlybby remnants (arrow'._)‘ -
"adhering %o outer tivssuc‘lag"ers. | :
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: group of htters including a hchen a grass brythrytes comlers and decnduous shrubs and
trees. Rgresslons of the combmed data were srgmf rcant wrth both lmear (r=.675, p< 001)

- and power (r=.720, p< OOl) f unctrons These correlfuon coelfi tcrents do not differ

b_ slgml'ncantly (z stattstrc 1=0. 310 Z o,—l .96, P>0. 50 Zar 19,74) mdlcatmg thwue a -
'relauonsh‘p exlsts the specrl‘ ic l" unctron mvolved s open to questron Removal of - possxbl |
outliers dnd not alter the explained varrabrllty greatl) (r’=.443- .@43) mdtcaungu that the \
obscrved correlatton was no rg\ngly ml‘lue_nced by outlymg points, but was general

throughout the data set. - e

& ) - /

_ s
. ln the prcscnt study. k was s:gml}rcantly correlated with hgmn N ratio only -among the

non- comf erous htters While these lxtter types form a phvlggeneucally dwerse group their
tisslies would be expected to be made up largely of thin-walled cells or in the case of Clgdma
/

bundles of f ungal hyphae w1th a m:lattve lack of sclenf ied cells with thrck lrgmfned walls

- of >their low degree of tissue s/pecralrzatron (Bold et dl, 1980) Lrgmn in the non coml' erous
: - lrtters would be expected to be dtstributed relauvely umformly throughdut the trssue thh
higher contcntratlommm‘walls of supportrve or conducétive cell types, In contrast, most
' comf erous needles have a hlgh degtee of” cdl{ar speerahzauon Many, mcludmg those used in
thrs study (Frgure 5. Sa) have a hypodermal layer of heavily sclenfted l' ibers as well as fibers -
'assocxated wrth the’ vascular tisdue (Esau 1977) Eprdermal cells of coml’er nwdles tend to
: have extremely thick outer walls whnch are cutinized in addition to bemg hgml‘ led Together o
, these spectalrzec: cells probably contain a large proportron of the total lrgmn in conifer lltter
tissue. Lngn)n contained in thrck secondary wall accumulauons partxcularly those of
' eplderma} cells which are perfused wrth waxy cuticular matenals is probably maccess:ble to "
mrcrobral enzymes except on the cell surface and theref ore would not partrcrpate in
brochemlcal decomposition reactions until Cellular integrity had been lost. Analysis of total
hgmn in coniferous litter probably overestimates the amount of lignin actually mvolved m
éecomposmon processes. Nitrogen compounds mcluded in the structure of thtck lrgmfred cell

/
" walls also would be isojgted from decomposmon reactions but, because most leaf nitrogen is



‘ rogs

associared with photosynthetic rather tha .structural tissue, overestimation or' 'acti\re 'nitrogen
by total analysis would not »be as great as f 'lign'in o
If hgmf red structural ussue is resrstanl to microbial attack, the mrtal decomposmon of
comfer ussue rs prc\bably dependent on degradatron of non-sclerified mesophyl and vascular
. tissue (Fxgure 5 Sbi apd is therefore controlled by the charactensucs of thesc cell types rathcr
than rhose pf the litter as a whole. All litter types excepr Cladma had simrlar lignin contents
(Table 5 1) but the hrgh proportron of conifer lignin which is in sclerrf red cells suggcsrs lhal
comf er mesophyl ussue is less hgmf ied than equrvalent lissue in non- conrferous (ttcr This
—~may explam r.he relatrvely raprd rate of weight loss of comf erous htters despite the presence of

lignif ied ussue resrstam to initial breakdown. S o

The effec on werghl loss of cutting pine needles into 1 cm léngths is [ urlhcr evidence

-,

litter micro-structure on decomposmon Whr]e particle size is. known to

-

“of themﬂuence
affect litter deco posmon through its mﬂuence on surr ace area kSwrf{ et al. 1979), Lhe

| rncrEase in heed] surfface area caused by cutting needles was neglrgrble and would not account
"for Lhe observed mcréase in decomposition (Table 5-1, Frgure 5-1). Cutting would, however
increase r.he accdss of micro- orgamsms to mlernal surfaces mcludrng those of non- lignified
mesop_hfyllvussu , by removmg,‘tneﬁbarner of eproermal and hy podermal ussue‘ which weuld
have lo‘ be pén t’raled in uncut 'neeoles. In this situation, decomposition would be expected to.
increase because» of ‘an .increaserin accessibility and the rate of coloniza‘tionh of the leaf interior k
.by mrcroorgamsms \

In summary. with the excepnon of Cladma lichen, decomposruon of the boreal f oresl
lrtrer typeséxanuned was best descnbed using a two component model. The exact nature of
‘the litter c&ﬂsutuents*ang\srmctures which were reﬂeoted wm the two component mode! could
not be determined althoﬁgn\fheexistence of components which differed in'their persistence ‘

- was suggested by the data. While Lhe componems may drffer in chemrcal oomposmon (e.g.
polysaccharide vs lignin), they are probably also drsungurshed by micro- struclural drf ferences

(e.g. mesophyl vs sclerified tissue). ' o ,



V\ __ Differences in decompasition rates among boreal for‘es_l) litters could not be .explamed
| by"dil‘ ferences in litter chen'tistry alone and a major role of "litter stricture in controllihg’
decomposition ‘was strongly implicated. Tissue or cell structural‘ chéir‘ecteri'stics which influence
‘the accgss of m:croorgan.rsms or rmcrobtal enzymes to potenual substrates modify the role of
subﬁtrate chemistry in con(rollmg decomposmon Since drfferent cell or trssue types of’ ten -
dtl‘ l' er in chemical charactenstrcs correlatton between structurgl and chemtcal controls on
Qecogposmon is to be. expected The general relattonshrp observed between werght loss and
hgntn N rat:o (thure 5- 4) may have rel'lected» structural drfl‘ erences whrch undoubtedly
extsted among the htters as well as chemrcal dtfferences Itis ltkely that a specrl’ ic functlonal
’ relalronshtp between litter chemrstw and decomposmon will be found bnly in groups of
N structurally srmtlar lrtters such as'the non- coml' erous tyPeS used ip this study or the dat,a;sets..
- used by&Melrllo et al,(1982). e | / o %
The decomposition rates ,calculated‘in this study are consistent with patterns of f orest
floor accumulations obseryed in the f iel.d.'The forest floors “‘associated with lgleurozium gr_oundilv .
cover ere generally thick and loose, comprising mainly a l'ermentation (F) layer of ‘partially |
) decomposed moss with 'intermixed needles The humified layer betow is thin or lacking. The
thm forest floors observed 1n pme/hchen stands consist pnmarrly of a loose F layer of shghtly:
~ decomposed: needles with ltttle evrdence of lichén litter accumulauon probably becausé of its’

raprd rate. of decomposrtron 1 latrve to productron Stands or locatrons with litter havmg

intermediate decomposl ‘,_' (e g. spruce/f ir/H y ocomiumor beneath alder clumps) tend
. to have moderately thtck tedmw Forest l'loors often with a dense F layer and distinct H
horizon. o

Whrle examination of the decomposrttonal charactenstxcs of mdmdual htters may

eluc date basrc decomposruon processes only a partial understandmg of orgamc matter

dynamrcs can be garned from these studres because in the f ield, there is often an‘intimate |

mixing of dll‘ ferent litter types and decomposxnon states. Further inf ormatron onthe
__°mteract:ons among htters during decomposm‘on, such as.the influence of -raptdly decomposing

Cladina, whlch increases in defomposition rate over time, on more slowly decomposing pine
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’iwtuch slows in decomposiuon rate, is prereqmsxte to a complqte understmding of f orest f Ioor‘_ o
| dynamxcs Spatxal r;lauonshtps -among the parucles w1thm a forest ﬂoor ltc forest floor T
architecture, is undoubtedly ol' primary 1mportance in such mteraclions MleOSCOpIC
‘ _!xammauon and detailed chemical and bnochemtcal analys:s acmss {orcst ﬂoor prohl;s would '
: ‘provide valuable mformatfﬁn on the physncal and chzthtcal changes whtch take place durmg
the a::afﬁhlanon f surfage orgamc matter in a f orest envir(gtment and may elucadate .

. functidnal djfferences between forest ﬂoor types
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6. SOIL NITROGEN MINERALIZATION IN RELATION TO vr-:csrmon
' ommcrr-:msncs C

> ‘ 6"‘ -
6.1 Introduction ) ! ' ! ,n ;
Growmg unders&andmg of the role of N in deterrmmng {orest productmty has led to “
nh increase in research relating to the :mpact or harvestmg on Ioss of N'from forest
ecosystems (Vitousek® 1981, Vitousek and Melillq 1979) and to, Lhe potenual of remlnmlon)to
"rmcrease tree growth Althongh such applied research has led to an lmproved understanding of
N dynamfc's in forest«ecosystems il mterprelauon of results has o*ten ‘been dif ﬁcult because
controls on N cycling and avaxlablhty in { orest sonls remain poorly understood {Binkley and
| Rerd 1985). Rsxc mformauon on the natural N fertility of ‘ stands dlf fering in species «
| “composxuon age or successxonal status, and on the degree to: whnch the femluy of diff erent
sues can be mampulated is required if the cost- -eff ecuveness of snlv.lcultural tfeatments is L0~ L
be maxrmrzed ok IS o S 4 '
Nltrogen mmerahzauon and avanlabxhty have been s!udned usmgvnumerous bxologlcal
and chemical techmques none of w}hch have been universally adopted (Keeney 1§80)
Long- term aerobrc incubation based on the methOd of Stanford and Smxth (]972) however,
has the following advantages* 1) u 1s direetly dependem on’natural bxologrcél mechamsms |
rather Lhan chemlcal extractams 2) the long mcubauon ume reduces the mﬂuences of nmual
N mmerahzanon ‘which may bc af fected by samplo preparauon on the fi mal results; and, 3)
..in agdition to measuremem of total N mmerahzauon over ume it allows the calcuiation of
theoreucal mmerahzauon parameters, namely potcnually mmerahzable N (N.,) and
/mmeraluauon rate constant (k). Y b ‘
The determmauon of N, as descrxbed for agncultural soils by Slanf ord and Smith
(1972) assumes that N mmerahzauon follows f ust-order kmemcs such that the amount of N

_mlnerallzed per umt nme is proporuonal to the amount of mmerahzablc substrate present in -

- --the so:l during that penod The equation descnbmg this process is:

\m 91 | v @

| S
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& .. N=N-ek w

in which N is lhe eccumulated mineralized N at time=t, N. is lhe potenually mmeraliuble N

| and k s the mmgrahzauon rate constang The two unkmvn equalion parameters (Ne, k) can

be esumated using graphical techmques (Stanf Ord and Smith 197224'&: iterauve non-finear

. regression procedures (Smith et al, 1980 Campbell el al. 1981)

?

1 The specific ob{ecuves of this research weré: 1) 10 compare the N mmeuhuuon

characlensucs and the qhgmtity aJd properties of total N in forest ﬂoqrs (LFH)Chnd mme:al

4
, *soil of several upland coniferous forest stands. and 2) o mterpret observed dif ferenoqs among

L]

]
i stands and between soil honzons in te"‘ch vegetauon tge and specnes composntion and: stand

history.

»

Study Area S '_-ﬁ"b g

Soil samples were collected from eiéhif’sﬁods located od a series of sand ridées W;th‘

interspersed wetlands lying adjacem to the Athabasta vaer 55 km southeasz of the town of -

Slave’Lake in central Alberta. The sands originated & ﬂuvxal deposns in post glacial lakes ; ,
(St Ongc 1972) and have been modif lex; by aeollan pl:ocesses The area is within-the
Mlxedwood Section of the Boreal Forest Reglon of Rowe(1972) %

’I‘he uplahd vegetauon of the area is a mosaic of ‘open Jackpme/hchen woodland,
elosed canopy Jackpehe or trembling aspen (Populus tremuloides (Michx.)y stands with. lesse'.r
representation of Gfﬁite spruce/pine and white spmoe)aspen stands. In this_ study, four "Stan
(1,2, 11, 12y represem different aged e:ﬁmples of the open woodl@nd type dommated b
)ackpme with a shrub fayer composed mamly of bearberry (Arctostaphxlos uva-ursi (L.)- |

,Spren‘g.)'andlmgonberry (Vaccinium vitis-i g(L.)).Green alder (Alpus rispa (Ait.) .

Pursh.) xs pmt in stands 1, 2 and 12 but absent tin stand 11. Thfs speties reaches its highest

. abundance among pme/hchen stands in stand 2. Ground cover is strongly dominated by

lichens, pamcularly Cladina mitis (Sandst ) Hale & W, Culb Small white- spruce are
oocas:onally observed in stands of this type S : .

. »
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Two stands (3 and 13) represent a closed canopy jackpine forest withs * * -
well- developed shrub canopy of green alder and a comlnuous feathermoss mound cover ,_
dominated by ﬂm;_p_um schreberi (Brid.) Mitt.. Scanerpd aubdominam or aupplmed white

\or black spruoe (_im mﬂm (Mill.) B.S.P,) occur in Lhese aunds

Mixed pme/spruoe forest is represented by stands 4 and 14, In stand 14 white spruce
and -jackpine form a codominant tree canopy along wm\ scattered aspen. The ahrub layer
- consists only of ‘scattered low shrubs includmg Lonicera m (Richards)Banks and -

Viburnum ¢dule (Mnchx ) Raf with a few young balsam fir( mmm (L.) MilL.). The

feat.hennoss‘groundcover is almost continuous, being composed mainly of ﬂﬂmﬂ_ﬂ_y

splendens (Hedw.) B.S'.G; and Pleuroziuro schreberi. In stand 4 the treecanopy' consists -

prfmarily of white and occasionally black sproce. with scattered.aspen and paper birch (Betula

' papyrifera Marsh.). Balsam fir forms a well-developed subcaoopy. As in stand 14, the shrub

layes is insignificant while the ground cover of feathem;oss is extensive. Stand characteristics
are given in Table 6-1. | |

The soils of the area have developed from aeohan parent matenals and are
predominantly orthlc and eluviated brunisols (stands 1 2,3, 1]. 12 13) In stands 4 and 14
the soils are classif' ed as orthic and brunisolic gray luvisols (Canada Soxl Survey Commiittee

}978) . : ,' “ ¥

-
. e

Local topography in.all stands is meél of aeolian landforms in the area wuh level to

. undulaung ground surfaoe subdued rehef (<2- 3m¢) and gemle (<5%) complex slopes Most |
stands exhxbn no predmmnant slope dlrecuon although stand 3is westerly and stand 4
norEherly in aspect. Maxxmum distance between stands is 15 km ‘over level terrain so that

- macro-climate differences among stands are negligible:

6.2 Methods
Soil cores (6 cm dia. ) were taken at five randomly selected locauons in each stand in
October 1981{ . Each core was sectioned and undisturbed samples collected at the f ollowing

depths: forest floor (LFH), 0-4 cm (Ah or Ahe) and 28-32 cm in three of the five locations
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 within each stand. The lowest depth corresponded to the Bm, hoﬂzon in stands 1, 2, U/‘.
13, to the Btj horizon in stand 3 and to the Bl(mrimn in stands 4 and 14. Core llcuon were
placed directly into pre-weighed 6.5 cm diameter plnuc suction funnels containing ﬂberglus
filters and sealed in plasdc bags for umpomto the laboratory Duplicate cores were taken
immediately adjacent w the first core ror measurem;m of moinure content to allow
calculation of dry weight of the incubated samples and for mmuremcm of pH.

Samples were not mixed with quartz sand as prescribed by Stanford and Smith (lh972)
because their sandy tcxtun allowsd rapid leaching even in undiuutbed cores. In one Bt
homon sample high in clny relative to the other samples, the me of leaching was remicted
‘on the )au Lwo leaching dates presumably because the [ ihcrs in thc suction f unnel or soil
pgpeg had become clogged with fine material. Routme use of undisturbed cores would )
probably be uns‘mable for soils comtaining more than 20% - 25% clay because of the cxtended
time required for leaching, ’

- The use gf -nﬁdisturbed cores was considered essential for the study of _minéraliution ~
in LFH horizons and prefmgd for mineral h&rizbns because the degree .of decomposition of
Corganic matter varies widely &o-v\rn a soil 1;rof ile. lmact cores maiméin'the spatial separat;on
between surface litter and humifjed maxenal lower i in the,profnle thereby eliminating the ‘
possibility that N mmcrahz.ed from F or H layer matenal would, for cxample be immobilized
‘ by utBecomposed litter brought into closc contact by mm_ng. Under such circumstances, N .
mineralization cQuld be Serk)usly underestimated. | ”~
| In the laboratory, samples were le.ached to remove mineral.N prior to the incﬁbalion.v
. In this and subsequent leachings, three 100 mL aliquéts of 0‘01 M CaCl, followed by lOOmL )
of aN- free nument solution (Stanford and Smith 1972) wer: ‘added ta each sample and
allowed to soak 3 minates before removal’ 'with 60 kPa suction. Suction funnels were covered
. with thin polyethylene sheets perforated wiih' several small holas to retard water Joss. Samplés
w&c-mcubatéd‘ in the dark at 30° C and leached at 2, 4, 7, 11, 15,21, 29, and 37 weeks. awﬂ '
wexght mnsured af ter the mntal leaching, was mamtamed by weckly additions of distilled

. . v
water ' “
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. Leachates were analys“ed'for am'monfum and nitrate'by.‘autoanalyser (Technic‘on
‘Jlndustrlal Methods 98-70W'and~487-77A respectively) Al ter incubatien samples were
~ oven- drted and subsamples passed through a 10 mesh s:evc~pnor to measurement of pl-l
| (detomzed water sorl LFH 10 1, mineral 2: 1) or ground to pass a 100 mesh sieve prtor to ’
~ analysis I or total N usmg Kjeldhal digestion (McKeague 1978) and autoanalyser techmques
(Technicon lndustnal Method 334 74 W/B+) lmual total N concentration was calculated as
lotal N remammg in the sample plus that recovered m leachates
: 'l'he f irst- order mmerahzatton model was f it to cumulative mmeraltzatton data for
each sample using the NLIN procedure (secant method (DUD)) of the SAS statrsttcal
v u program package (SAS lnstrtute lnc 1982) Thts ‘procedure | esttmates the derivatives of a
| ‘non lmear equauon Wthh are then used to estimate equatton parameters (No and k in
‘equatton [1]) by iteration rom’ rmttaltzed values Coefficients of determination r’) were
: _calculated from sums. ol” squares provrded by the program I .
EquattOn parameters (N, k) were compared between stands usmg lmear f orms of the
f irst- order equatron [1] in whtch the parameter m questron was represented by the slope ofa
line. Comparrsons were made separately for each paramet&er with the other substituted mto the
‘lmear equauon to allow calculatron of the slope Values o} No were compared usmg
N =N - No(e'k , "\ [2] |

in which (e ) is calculated to grve X axis values Values of k were compared usmg

w

L ,-ln(l-N-l(yo) .;;?‘. R "m'

A in whrch Y axis values were calculated as ln(l *N /No) The slopes of these lmes were g

, compared”usmg analysrs of covarrance procedures and the Newman Keuls multrple -
comparrson method described by. Zar(1974) These tests, wluch \:onsrder each parameter

| separately. do not fully account for ‘variablility in the data because error assoCtated with the
parameter used m the lmear calculattoﬂ is tgnored Theref ore the srgmfrcance of the -
rnter stand drl‘ f erences calculated using thrs method must. be: consrdered to be approximate.

_ We are unaware of stattstlcal techn;ques whrch wduld srmultaneously compare two or more.
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ation parameters and- thus avold thlis problem.
;Daia from this study wgre compared to those of Vitoﬁsek et ul. (1982) by using N,

k values to calculate cumulative N mineralization expected over the § week incubation

‘ p@rrbd used by these authors (t=8 in equation [1]). A value of Q,, = 1.8 (Stanford et a!.

3, Campbell et al. 1981) was applied to the k values prior to this calculation to correct for

ﬁlif fl erehce\é ihtin;ub’atio_n temperature (20°C vs 30°C in this study).

* Comparisons among stands and horizons for data other than the first:order equation

ameters used two-way analysis of variance and one-way analysis of variance followed by
‘ , ,. \ -

“Duncan's multiple range test. Logarithmic transformations were required to ensure

llpnlogen’ eity of variance in data for total N and percent of N, mineralized. The Z test

cedure d9£fibed by Zar (1974) was employed in comparisons between correlation

b ]

Résultsm S S o /

o

fogen Mineralization : ' S /

" * The amqu.nt"of N in the ‘LFHt horizons was not different ronl tha”l in thé A horizon
both evceeded that presem in the B horizon- (Table 6-2). Total N (NT) c)l/nccmrauon in.
H samples was generally lower (Table 6-2) and total N mmerallzed (N / ) by LFH samples
ing the 37 week mcubauon ‘("l\gble 6-3) w;s signif 1camly lower in the /Z:le/hchen stands

2, 11 12) than in the other stands In the A horizon, total N conccmrauon in sLand ll

s:gml’ 1cantly lower than-in other stands Few significant diff erences bctwpcn standS' werc

obéerved inN mmcralxzcd by A horizon sq\mples although mmcrallzauon tended to be higher:

: -
tands contammg a significant componem of green alder (2, 3, 13) Although concentration

erallzauon No consxstem pattern was observed ‘among stands in the percentage of total N

eralized ( N /NT) durmg mcubatnon of eithier LFH or A honzons (Table 6- 3) N T

lower m B honzons of stands 4 and 14 thanin those of other swnds NM/NT was

otal N dlf f ered sngmf;tamly among the B honzons these differences were not reﬂeclcd in -

rrsely 'correlated (r=’- .868 P<.01) and total N concentration and.wcxght dlreclly correlated
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r= 875 P<.01 and r= 748 P< 05 respecttvely) with clay contenL m the B honzon(Table

6-2). These correlatrons were strongly influenced by the hrgh clay contents in the B horizons R
“of the ‘spruce. stands and may theref ore reflect other drf ferencés between sttes Srgml‘rcant

correlatrons were not observed between clay content and N characte‘ i

Potentfally Minerallzable Nttrogen o ' .

:cs in the A horizons.

T he first- prder kmetnc model successfully descnbed cumulatrve N mmeralrzatron
curves f rom 76 % of the mcubated samples 'l'he number of samples which could be descrrbed
by the model differed among stands and horizons as shown in Table 6-3. The proportton of

» total variability explamed by these regress\ons was hrgh (r’> .97). With dat.a fre rom the
FeNt
. rematmng samples ‘the iterative. procedure &ld\not attain convergence on,parameter

*

> “7 -2 s

‘estrmates and thrs was taken to indicate that the first order model was mapprbpn,ate for these

, data The non- lmear regressron program drd not appear to be sitive to initialized values &

 and, wrth data sets f or which the model was appropriate, would converge on similar estimates

.'vi

“of parameters f rom a wide range of initial values . ‘ : -

| Cumulauve mmerahzatton curves of mdmdual samples formed two dtsunctIVte\\ ‘
M;pattcrns (Frgure 6 -1), which varied in overall slope, degree of curvature and durauon of the

. 1ntt|al lag in. mmeralrzatron Curve A is representatxve of samples with cumulattve N

' mmeralrzatton fit by the*f irst- order model while samples not fit by the model generally

‘. 'followed a pattem similar to-curve B. In most of the latter cages, the first- -order model could .
__be fi rt {cg the data points after N. mxneraltzatton began but values of N, and k calculated for

i these pomts were not drrectly comparable to those of other samples for whrch full data sets

~ were used. F urther research is required to determme whether thetime lag m N mmeraltzatron
‘ref‘lects fi ield condrtrons or is an artifact caused by sample drsturbance or severing of plant

Lt Stands were compared with respect to N, and k from the ftrst order model although, .

in some cases the general applrcabrltty of t.he estimates was low because only one or two:

replicates wrthm a stand could be f rt (n Table 6- 3) In pameular the value of N, in the
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i Figufc 6-1. Cumulativc N mineralization 'c":lurves\for' two LFHsafanes from stand 2; Curve A .
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LFH ol' stand 2 was strongly ml’luenwd by a single sample ken from beneath an old alder

patch. Its contnbuuon to the stand 1hean, was exaggerated use three ‘of the fi rve samples

could not be ttt by the’ model The value of numerous rephcates) espectally in stands with high

spatial heterogenetty inN dtstrtbuuon such as 12, 1 and 2 was 4pparent

Among LFH h6rtzons N., was htghest in stands 2 and 4 and lowest in stand 11 wrth

the remammg stands occupying a. mtd:le range of 1600 2800 ug f.of i The °/NT ratio was
stgmf icantly higher in stands 11 a'nd 4 than in other stands. Durmg the 37 week - mcubatlon

over 80% of N, was mmeraltzed in most stands but this proportron was signif’ tcantly lower

“(41% - 57%) m the old spruce stand (4) and young pme/lrchen (1 11) stands The

A

mmerahzatton rate constant was generally lnghest m those stands wrth a substantxal

component of green alder in the vegetatron and was lowest m young pme/hchen + 1 and 11)

and old spruce stands (4) Vanatton ink values among stands was highest.in the LFH hortzon ‘

but, m general k was hrgher in the LFH- than in"deeper’ hortz.ons
N., was signif xcantly higher in the A horizon of stands, wtth an extenswe alder canopy
(2,13, 3) than in other stands while stand 11 was lower Few dtfferences ‘among stands in

Sl

N.,/NT were stgmf icant although this: iroporuon was generally htghcr in stands 2’ 3 and 13

NM/N“ in Ah samples drd not dtffer srgmﬁcantly between stands Values of k were htghest in

stands 2, 11 and 4 and lowest in stand 13 but no distinct pattern was apparent Values of k m

4

A horizons are more similar to.those of the B hortzon than the LFH tmplymg that A horizon

- N is mainly in well-decomposed materials either because additions of fresh residues from .

roots are low or because such residues decompose raprdly in the mtnerﬁl sorlt

No 'pattern in N, values f rom B horizon samples was »dtsttngutshed although stands"

with alder were generally higher than others. Values of k in B harizons. were wrthm a range

srmrlar to A horizons and also exhtbtted no pattern which could be related to general stand

characteristics. The ratios of Nr./NT and NM/N" in the B honzon dnl not dxffer sngmf tcantly g

among stands during the mcubatron

Nitrification

<
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productton among B samples wefe srgnrf icant although stands 11 and 13 were higher and 3

- herizons - o o 5 ’ "

" was not significant (r: 177 P> 05)

Sy
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Producuon of nitrate (NO,") over the 37 weelt ;ncubatton dtf f cred substanttally both

L ";between stands and b&tween horrzons withm a stand (Table 6- 4) NO, /NM in LFH samples
.‘vfas low (2% 23%) in most stands,but significantly highes in stand 4. Nttrll‘ tcatron in Ah
»samples From stands 3, 14 and 4 was “Significantly lower than in those from other stands ‘

'whtle in samples from stands ll and 12 it was signif rcantly htgher Few dtl‘ ferences in nitrate .

A

'.,and 4 were lower than other stands

ln most samples the onset of mtrrl‘ tcatron was delayed by a perrod Wthh diff ered

) ?;-among stands and horrzons In general thts trme lag (Table 6: l) was shortest in B horizon
. samples and longest m LFH sarrrples many of whrch produced msrgmf icant amounts of ~ °

~mtrate throughout the lncubatlon Among I(FH hom.ons _those from the old spruce stand (4)

had the shortest lag time whrle m the A honzons the lag was shortest in samples from th"e

) youngeSt pmc/lrdhen stand (11) Stands .11 1, 2 and 3 had the shortest lag times among the B

’

Over the 37 week mcubatron the pH of most samples rncreased (mearn: change +0 3

- ~pH units)’ with the magmtude of increase inversely correlated with rmtal pH (r=-.811
~P< 01). Srgml‘rcant cdrrelatrons were observed between mttral pl-l ol‘ the incubated samples

; (Table 6- 2) and NO3 /N over 37 weeks (r= 621 P< 01) and the duratton of the time lag

o

- _m mtnfrcatron (r- .563 P' .01). The coefficient for the correlatron bctween pHand
nitrifi rcatron was;: however significantly lower (z test P< 05) when only the initial (O-\Z

week) tndubatton perrod was considered ( NOy/N,, v rmual pl-l r= 298 P< 01). A -

f uncttonal relatronshtp, tf it extsted would. have been expected to be most drstmct in thrs ‘

rmual perrod because the magmtude of changes in propertres rclated to pH (e.g. orgamc

" matter), which may have occurred later in- the rncubauon would be mtmmal The correlatron

between pH and nitrification in LFH and A horrzon Sa.mples only, for the 0-2 week perlod

. !
.o
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’

Few stud:es have measur N minemhzauon in orest soil over a lo'ﬂterm mcubation
I ' mpgrabl: o

P .Prilchc@t :

although k values (D 053:0 061 weeks:') were smular The low apparent values of N, in the
Florida sonls may have.been the result of Increased lmmobnhzauon caused by mixing of forest
ﬂoor and mineral horizons . 4 | |

Vltousek ez aI (1982) studxcd N mmeralxzauon and mmf ication in sonls at 17 sites,

E mcludmg 10 comr erous stands in 6 states of the continental Umted States. An cight week
‘aerobxc mcubauon w:thr,.a lermmal exuacgon of mineral N was used. Values for mean total NA
mineralized durmg the mcubauon of comferous forest floor samples \»;crc taken from thelr .
cumulauve mmeraluauon curves and fcll within the 95% confidence interval of‘ 82-554 ug gy .
Prediction§ of N mineralization in LFH s\amplw from the Alberta stands under equivalem e : 1
, "-’condi{ions"f ell within a cor"npara"b!t coﬁfidence in'té'rval (263-563 ug g''). This suggests that
'.properues of the soil wmch control N mmerahzauon in sonls of comferous f orests, do nOt :
| differ greatly between regnons Consequemly stud:es of ecologically related stands wuhm '

Testricted geographical areas whxch provide detailed mformauon about controls on N
mmerahzanon may then be applied to coniferous stands-in general. '

“ Esumates of N, in agricultural soiis generalr f all wnhm a range of 50-400 ug g’
(Stanford and-Smeh 1972, Herhhy 1979, Campbell et al. 1981), which is similar to the range
of No in A horizon samples .in this stgdy. Values of k in agricultural soils have becn found to -
be relatively uniform among soils, commonly falling wit;)in the range of 0.054 1 .009 weck's"”

at 35°C, 6n’ginally determined by Stanford and Smith (1972) (Campbell et. al. 1981). If the
assumed Q,, of 1.8 is applied to our data, confidence intervals for k at 35°C of <028 +0.008
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and 0.056+0.023 are obtained from A and LFH honzons respectwely Thus ‘Nin surche
mineral soils in the f orest stands ts biochehucally less active than that in agncultural soils s
probably because the mechanical mixtng and incorporatton of fresh plant residués caused by
ttllage is absent under undtsturud condmons The similarity in k between LFH honz.ons and
agrtcultural sbtl may indicate that N mmeralizatton in agncultural sonls is largely dependent on ‘

\\‘ Py

_ the decomposmon of relatively recent plant or microbial restdues such as those which farm
‘ the bllk of forest ﬂoor”;natenals Nttrbgen mmeralrzatton in the field has been calculated
,using the assumed value of k= 0 054 week ! and esttmates ‘of N, (Smith et al. 1977) Values
oi k measured in this study varted widely among sues and honzons indicating that the

umf ormtty of k in ttlled agricultural soils cannot be extended 10 forest soils. b{f

On the basis of data collected m this study, th; stands under consrderauon can
compared wnth respect to hoth quanuty and biochemical nature (quality) of N ihvol\'ed in theé
mtncraltuuon process. Total N mmeraltz.ed during the incubation apd NT provrde " )
inf ormatton on quantttattve dtf ferences between stands while N,, k and the vanous rattos

;computed in Tablé 6-2, excludmg those tnvolvmg nitrate, descrtbe the quality of N in
dif ferent sutnds and horizons in terms of tts relative activity in mineralization. |

1

The t:esults of lhlS study mdtcate that N mineralization charactertsttcs of LFH and A
| = honzons vary wrth dtff erences fn vegetation spectes composition and in the LFH only, wrth
. s\and age "The ef f ects of these two f actors gould not be f fully evaluated mdrvrdually througb a |
. f ull factonal experimcntal desngn because of the lack:of appropnately aged stands of enth
fl omt type and restnctrbns tmposed by research resources. Evrdenoe for thctr independent
tnﬂuence can however be obtatned by companson within groups of equal aged stands (stands-
| 2, 13 crrca 65 years sta\&s 3, 12 14 circa 85 years) or among different aged stands wuhm the
same forest type S S /
” _Stand Age e . E e " ' | |

A general tncrease \Vtth age was observecf tn M’ N.r concentrauon k and

NM/N. in pme/ltchen forest floors. These data suggwt that the quanttty of N in LFH
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horizons is low in young stands and that this N is relatively inactive with respect o

’

mineraltzatnon This is to be expected because forest noors in young stands are composed
majnly of fresh litter which has a high capacity 10 retain or immobmu N durmg
decomposrlion (Bers and Staaf 1980). As S\Lds age, progressive decomposiuon of litter leads
to a dominance of N mmerahzatron over immobilization processes and an mcrease in the
- relauve mmerahzauon acﬁvity of accumulated N.
| Stand 4 is substantially older than any other stand and, as‘would be expected hg a
significantly higher amount of total N accumulated in the fores(floor. The proportion of this
N which is potentially mineralizable is high relative to other'stands but its relative
mineralizau'on activity, as reflected in k and_NM/N., is sigrrif icantly lower. In contrast to
stand 11, this low aotivity is not due to imrnobilization caused by accumulations of |
' urrdecomposed litter but by accumul;tion of N in recalcitrant oi inaccessible humified orgapic
matter, . : . g <
These obserrati_ons su'ggesr“that as a stand ages ﬁnd N accumulates in the forest Moor,
rhe quality of acchmulated N initially increases in r‘elative mineraliutiorr activity as
decomposruon of f resh htter progresses and then decreases as humification becomes ar\

rmponant process. The f ull age sequence (stands i to 4) discussed above involved a shift

from pine/lichen to spruce/feathermoss forest. Fyles and McGill (submitted) have shown that

Cladina lichen residues decomposed rapidly and appear not to gcctrrnulate Tesistant

deeomposition produgts while Pleurozi’nm"”ﬁalthermoss decomposes slowly relative to other

Imer types f rom these stands. I a pine/lichen: stand persrsts over time the hypothesized

- accumul,auon of hummed matenals may be delayed or retarded because the.dominant litter
typcs do not promote their f orrnatiorr. The early establishment of forest vegelalion with”
feathermoss groundcoverl may. however, accelerate the Lrarisform%ition of organic N lo

| resistant forms. ’ } _— \ |

: . A . . oy

Vegetirtion‘ Type



/ ' 108

. Pine/lithen LFH horizons mineralized suhsTntially less N than those of other forest

types, irrespective of age. This dlchotomy in stand ype; was not cq_nsistently reflected tn any ‘

| ~ of the’parameters measured but appeared to relate tolower weights and conoentratlons of N

and génerally lower N, or k values in the ptne/flchen stands relatrve to the: other types. 'l'be

" “presence of pine/lichen vegetauon however did not appear to sngml‘rcantly mfluence the N

mineralization characteristics of mineral horizons. " . - L
Differences between stands i in which alder was ahundam (3, 13) and other stands

were most prominent'in the A horizon, where they were observed consrstently in. NM' N, and ‘
‘ N,,/NT Total N in this horizon did not appear to bc affected by the presenoe of alder |

indicating that this species has not mcreased the amount of N in the horrzon but has caused a

larger proportion of the N to be potenually mineralizable. 'I'ha high value of N.; in the A

horizon of stand 2 is anomalous considering the low abundanoe of alder in thrs stand Alder .3
» common in the vrcrmty of stand 2 and patches within the stand appear to be well estabhshed “
relative to those in other prne/hchen stands. The similarity of the stand 2 A ho;zon with
\ those of stands with more alder may indicate that this species was more abundam in stands
* which previously occupied the stand 2 site and that the observed mmerallzatron properues
relate more to hrstoneal condmons than to present vegetation. .

,Nitrogen characteristics:in the LFH horizon of the young/ spruoe stand (14) ‘were very . .
similar to those m the LFH of the pme/alder stand (3 13) Thrs suggests that ;nputs losses
and mtemal transl‘ ormations within the LFH horizons of both forest types havez been similar
‘ during the life of these stands. Alder is absent i kr}n stand 14 and its surroundmg area xmplymg

that N accumulatron in the LFH of thrs stand could not have depended on external N inputs
through fixation by alder but must represent a.redrstnbuuon 4f N from mmeral honzons by
cycling through litter from other species. Litter producuon in stands 3and 14 did not dxfl' er
srgmfrcantly in 1983 (Fyles et al. in press) mdrcatmg that:the potentral for, redrsgnbuuon is
smular in both stands If alder had provided a. ma jor input of recently f ued N into the LFH
of prne/alder stands in addition to redrstrrbutron inputs through non-alder litter, it is expected

_ that some difference in N mineralization characteristics between-tire-pine/alder and spruce

ey
y



' . .
stands would have been oblerve& The overell similarity in N characteristics between these
stands leads to the conclusion that inputs’ crom alder over me life of the ﬁne/alder stands- has .
been insignifjcant. The apparent influence of al&er 0p N in the A horizon is probably the |
: result of the histoneal presence pf this species in prevxous stands. Nitmgen wh&ch bas

u accumulated in the spruce stand has probably been conserved in that starid sinoe it origmal
f:xation possibly by. alger growmg on that site some dme in the paSt -A smaller proportion of
_lotal N in lhé mmeral soil in stand 1&is potentially minerahuble thani fin stands,) and’13
'suggesting that thxs spruce stand can maintain N ngnerahzatlon charactenstics in xhe LFH
honzons similar 13 those in the pme/alder stands bec&use of high levels of total N in the

/
mineral sojl.

“u

. . -

Long Term N Accumulation

. .- Campbell ee al. (1967) measuréd mean residence times of various organic {ractions in
the plow layer of a ‘cul’t'ivated grey -wooded f orest soil in Saskatchewan and found residencev '
times greater tiaan 450 ‘years“"f or most organie C and 12001400 years for that associated with

N liﬁorganic materials (Ca, Fe, clay). Organic matter mtth horizon below the plow layer (15
em)‘probably"has 2 higher mean residence time, than that of the surf: ace soil because of v
smaller mputs of reoent resndues and cooler average temperatures deep in the soil prof ile.

Bnen ( 1984) and 0} Bnen and Stout (1978) concluded that very old Cis unif ormly
distributed down sorl prof xles bm Lhat modern C decreases exﬁonenually with mcreasmg
depth. Nltmgen is et subject to' resprratory loss as is C and therel‘ ore mnst have a Ionger
mean residence ume than assocxated C. This is supported by the observauon of Anderson et
- al. (1974) that, the C/N ratio of clay'assocxated (non extractable) humlc acxd was lower than

that of extractable humic acxd

' These observauons suggest that Nin B horizons examined i in lhxs study probably
represems an accumulauon possibly over thousands of years. The proPenm of B horizon N

" therefore reﬂect average. snecondmons durmg a history of numerous generations of forest °

stands. Smoe the snes are sumlar in properues relaung to climate’ and lapdform, lhe observed

""(
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The resuits suggest that the charactertstrcs of N which control mmeraltzatton m LFH

hortzons ~are strongly inf’ luenced by condtttons in the existing forest relating to stand age and

spectes composmon Propertres of. N in A ‘horizons may also be affi ected by extsung v»getatton

“but appear to be controlled to 2 greater degree by charactensncs of prevxous stands oceupymg

o~

the same srte ‘Nitrogen m B horizons does not appear to be ml’luenced by current stand
e

condtttohsL and its charactensttcs reflect long terni processes of accumulauon and

transformation. : g

Nltrlf tcatton ‘ . : g
- ’ s

Nitrifi 1catton in forest ecosystems has been discussed in the hterature wrth respect to -

.

relauonshtps between N transf ormattons and plant succession (Remers 1981) and to the
/ ™

: 1mpact of f Oresl management on-N dychng and loss from forest soils (Vttousek and Melillo

..197.9 Vt,tous'ek el al. 1979) Control of nitrifi 1catton has been atmbuted to a variety of factors

EY

tncludmg orgamc and morgamc mhtbrtors pH nutrxent' ltmrtattons and restrtcted populattons

~ Or activities. of mtnf iers’ caused by . low ammomum avanlabnhty or competmon with other

- " “[é

organisms for N or o} (see revnews in Chnstensen and MaicAller 1985 and -Olson and Remers

o

1983), © ;'L'.l.

Changes in pH were observed by Stanf ord and"Smtm*(1972) bnt were consrdered to be
of neghgrble consequence to total mmeralrzatron Beeatrse nttnf rcatton has been reported {s) be

pH sensntve ( Alexander 1976) mcreases m the mmf tcatxon capacrty of many samples over.

' ‘tnne could have been related fo changes in: pH brought about by leachmg wrth neutral salt

soluttons , S . Iy

[}

~The low propomon of total vanabtltc§ explamed by the srgmftcant correlattons

' between pH and NO, /N (r’-“ 09 .39) and the apparent dependence of srgmf 1cance on

horizgon dtf ferences suggest that the observed relauonslnp between pH and nrtnl‘ 1catron was

g =
probably not drrect but may have mvol-ved a common relatronshnp to a third ﬁattor

@
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" Controls on nitrification could not t;e atmbuled 1o low ammomum ava:labllu) because

indnvxdual samples commonly accumulated 100”350 ug g of ammomum between lcachmgs

n"" R

wilhout signifi xcam nitrate producuon annatnon of mmﬁgrséb) defi 1c1ency in macronutncnts
is unlikely because a nument,soluuon_was ad“ded_'at..eaeh leaching date. Low finitial
populatiens.of nitrif yix|1g bacteria-may have )!\imiled hiirate produeliou but:even the slow
~growth rates agsociated with these organisms ceuld.;n%&-aéeeunt for l'hc long time-lags
observed in many soils without some _othe} limiling f aet;or being acti;'c. :
Many of the‘ f ac'tor‘s“_‘."i'm‘plicated_.in ihr‘ control of nitrif iea&ion are‘relatccl. in a general
way, to characteristics of vegetation or organic matter accumulaled on of néx. ihe - oil
surface. The r’esults;of this study; in which nitrif ication wae generally muc. ToE vaivcﬂ in B
.. - hotizons than in‘surface layers, are.consistent wit.h.Lhis observatien. Vitousek - iﬁ. (1979)
reported a similar trend_ f or soils in the Umled States. Among A honzons in the present study,
‘nityifi 1cauon in samples with the highest organic ennchment was generally lower lhan in ,~
samples ‘with lower organic matter. In this respect, A hpnzens hngh in organic matter
--ge‘h'erally behaved.in a similar manner to their eorresponding L?H horizons, while nitrif icatien
was f'alméef' complete in A horizons low in organic matter, as it was in B'tfxo'rizons;A A
relationshiu‘between organic matter and nitrate production is theref oie suggested by these
| .Gf‘sbn and Reiners (1983) and Balvdwin et al. (1983) demonstrated that. phenolic
,<':0‘mpounds were reponsxble\(sor 1nh1bmon of nitrification in a balsam f ir f orest soil. These
compounds are gradually degraded in soil (Swam 1979, Hander et al. 1975) and their inf luence —
on nittifi xcauon would be éxpected to decrease over ume if addmons did not balance loss. This
.sitl,uatiOnlm:ight*occur during a long-!erm iucu.bat.ion because addition 6r sucf;organies
' -Athr )ugh fzesh plant litter or root res:dues is eliminated. The commonly observed pattern of a
time lag I ollowed by an increase in nitrification are thus cons:stem with comrol of

. nitnifi 1catxon by decomposable organic compounds

Desu'ucuon of vegeta,uon by fire or harvesting eliminates organic matter additie_ns; to

ez

or removal of N from the soils, producing conditions in the field which are analogous o
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laboratory incubations.: ln ‘these Sttuattons dlf l”erences in mtrtl’ ication among sites observed in
the laboratory may be observed in the field. So:ls of pme/ltchegl stands wgre more prone td
mtnncauon. Therefore, under disturbed condmons. a greater proportion of N mmerahzed in
pmc/hchen stands would be expected Lo be nitrif ted and potentmlly lost. than in other f orest
types. This predtcuon is contrary to the conclusnon of Vttousek et al. (}982) that nitrate loss
f ollowmg disturbance is 1o be expected only in forest ecosystems wrth initial high N

avallabthty +Field studies using techmques similar to theirs ‘will be requrred to determme the

extent to wlltch predtcuons based on the laboratory incubations in lhlS study can be apphed in .

thﬁiﬁeld | o S . . |
‘ It can be concluded from these data that soils f rom upland forest stands in’ central
| . Alberta differ in their capacity to. mmerahze N as a result both of differences in the quantity
of total or potenually mmeraltzable N, and dif f erences in thetr fi trst order mmeraltzauon

rates. Soils also differ in nitrification potentlal. possibly, because of dtf ferences in the chemrcalv
: proper-ties of soil organic matter Dif l‘erences in these properties" betv/een surface hbrizo‘ns of
‘ : the various stands relate mainly to charactertsttcs ol' the exrstmg vegetatton mcludmg stand

age and species composmon N mmerallzat(ton characteristics of the mmeral 50il, however
lappear 1o be more a f unctton of stand history. | 4
' Controls on inherent soil propertles which determine N ntineralization capacity operate

* within three general time frames: the relattvely short ttme f Tame of plant successron within’

*which the ml’luence ol' extant vegetatlon is expressed an mtermedtate time frame required for
‘ the accumulation of N to present levels, its distribution throughout the soil profile and its
transl’ ormation- to the observed- qtlahty and; a long term time rame required for the genesxs
ol soxl honzons with their assocxated depletron or enrichment in clay metals and organlc
‘matter The ml‘luencc of each of these time f rames on the development of N cycling varies
vw1th depth in the soil profile. There is ltttle mformatnon avarlable in the literature' relating the
N l‘ertthty ol‘ a forest sta d 1o soxl N properues which have developed within these time
frames. Silvicultural procedures. such as prescribed burning or fertilization, influence site

fertility primarily through manipulation of short-term controls on nutrient cycling. The

o
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effectiveness of these techniques in increasing site productivity is dependent upon ihe relative

importance of the short- and longer-term protésses in de;ermipihg‘N availability in forest

s

soils ntly, an understanding of controls on N cycling which act within different time

frames is riccessary if the success of management practices‘is to be predicted.

o
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7. CYCLING .OF NITROGEN AND PHOSPHORUS - -

1. .‘lntroduction R - .

IS

The aceutnulation and properttes of organic nutrlents (C.N,P,S) in soil under uniform
\eonditrons of cllmatc parent matenal and topography can be: expdeted to bé controlled )
primartly by the producttvny and nutnent cycling charactenstms of the vegetation which has
. hrstoncally occupted a srte (Jenny-1980). Conversely, plant growth and nutrtent allocation can
be strongly inﬂuenced by soil nutrient availability (Chapm 1980) This feedback Ioop between
soxl nutnent status and cyclmg processes in plants involving plant uptake, internal
.' redrstrtbutton htterf all, decomposmon and mmerahzatlon may rmpart stabthty to nutrnent
cycling patterns (Pastor et al. 1984). The ‘general relattonshtp between plant litter quahty and
site fertility, in whrch low’ nutrrent llthl‘S are assoctated wnth infertile sites ahd hngh nutrnent
-« litters occur on fertile” srtes drscussed by Vttousek (1982) may relate to this type of feedback
mechanism. | | | ‘ | '
The examination of mterrelattonships between soxl and vegetatron requrres study sites-.
in which the Vegetauon has remained unchanged for suff 1crent ume for the ecosystem to .
attain a steady state condttron parttcularly with respect to organic nutnents in the soxl
Bfrof ite. ‘Al steady-state and with contmuous vegetatton “soil characteristtcs can be expected o
(‘re‘!'lect- nutnent cycling patterns of the dommant vegetatton Thts requtrement is often ' .
difficult to° satisfy because the time to steady state is probably measured in- hundreds of. years;
. a penod durrng which substanttal successional change ean occur in: most ecosyStems Close
| mterrelattonshtps between. vegetatton and sorls _may be best expressed m chmax communmes
such as those studxed by Pastor el a1(1984) although the penod durmg whrch 2 stand has
maintained” a climax condmon is dtf f 1cult o estabhsh Long hved foreSt stands of the Pacrf ic
" 'coast whtle not necessanly chmax often maintain a relattvely constant spectes composrtion

'f or hundreds of years (Frankhn and Hemstrom 1981) whxch may be long enough to estabhsh: '

' charactensttc nutnent cycltng patterns hnkxng vegetauon and sorl |

us'"
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In sand riclge ecosystems near Hondo in central Alberta, tree age-structure analysis
and eaamination of soil profile developmem (Chapters 2 and 3) have suggested that stands
regenerating after fire are similar m spécies ccmposil_ion to the pre-fire forest sich that a
given site-may be occupied by sirﬁilar stands over many fire cycles. In lhjs situation the

vegetation is not per;iefual as:in a climax condition& but undergbcs a cyclic s’equence of
short-lived post -fire communities and a longer-lived f orest commumly which dominates the
snte through most of the stands' existence. Thus, the vegetation of an individual suc has ‘
’hlstorlcally been dommated‘by a smgle f orest community compnsmg relatively few specxcs
A Nurogen mmerahzauon in forest loor and soil under dlff erent forest types has bccn
'studxed in these sand ridge ecosystems (Chapler 6). N: mmeralxzallon characteristics differ

{ {

‘bet.ween ptne/lichen, pine/alder and whue spruce forest types and appear to reflegt_ the .

&L

influence of,site history as well as present stand conditions. The purpose of this thesis lis‘to
_ report on suldies-examlning ipterrclalionships be‘lween_\ scil properties, specil' ically ,olganic C,
N and P accumulatién and N mineralization, and lnlt'n'eht v‘resc)rption during leaf senescer'ice
- and nutfient transfer m litter. The specific objecuves of the study were 1) 10 compare

dif’ ferem forest types wnh respecl to mass and concenxratlon of C N and orgamc and

]

extractable Pin LFH and mineral honzons and relale these properues to stand characlenstlcs '

w

2) to examme follagc and huer N and P levels numem resorpuon from f olxage and nutrient

“

transfer from vegetauon to soil m lmerfall in relauon 10 soxl N mmerahzauon and cxlraclablc
P; and 3) to rclatc the observed numem cyclmg panems o lhc stablllty of vcgelanon/sonl

».

" associations over time.
7.2 Study Area R X |

Eight study'sites rebreseminé’three forest types, were located infan arca of sand
ndges w:th mterspersed wetlands about 55 km southeast of the town of Slave Lake in ccmral
"Alberta (55° 00 -10' N; 114° 00’ 15 W). The sands ongmated as dellalc deposns in glacxal

: meltwater lakes and have subsequemly bcen modxﬁed by aeolian processes (St. Ongc 1972)
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\ Four slands (1,2, 11 12), varylng in age f rom 40 to 85 years represemed opeq jack
pine/lichen woodland dommated by jack pme (Pinus p_gggsmn Lamb) thl{ a.grourl’d covcr
of prostrate evergreefi shrubs and frutlcose llchen mamly _g;__ mitis (Sandst ) Hale & W.
Culb. Green alder ( Alnus grn_.v._pg‘(mt )Pursh) occurred in sporldlc patches in three of the four
~ stands of this rorest type Soils of these sites had a thm LFH composed pnmanly of partrally
dccomposod pme needles, over a weakly developed prof nle classif xed as an Orthic Dysmc
Brunisol .- kS | ' . Vo
' “Two stands, (3 13) aged 65 and 85 ycsrs represented closed canopy jack pine. forest -
with scauered subdommant white spruoe (ﬂge_a gauca ( Moench)Voss) or black spruce
' (chea manana( Mill.)B.S.P.) and a well developed shrub canopy of green alder
' Feathermosses predommamly Pleurozrum schreben(B’nd )Mm formed a contmuous ground
cover overa moderately thick, loose Lf_-fH of partially decomposed ‘moss and nwdlee. Soils o‘r _
‘ these stands were more 4stronglydpreioped than those ol: the pine/lichen.stands.?wirlr some -
evitlence of eluviation of clay from the A‘horizon (Eluviated Dystric Brunisolé).‘
) Two stands (4 and 1’4) Aged‘80 and 140 'fea}s respectively ' represenled closed oanoo'y -
_ white spruce f orest with codommant jack pme and occasxonal aspen ( _g_p_ul_u_
tremuloides(Michx.)) and paper bxrch (Betula gagznfer Marsh ) Ba]sam fir (Abnes
'%a_rp__(c IMill. ) f ormed a well- developed subcanopy in stand 4 but was represemed only '
by scauered mdmduals in the low- shrub layer in stand 14 Shrub species were rather

msrgmf icant _m this _forest type. Feathermosses dominated by Hylocommm

. ‘sélendeu_s( Hedw.)B.S.G. and Pleurozium shreberi f ormed a thick eontinuous ground cover.

. LFH horizons were génerally thick and compact with a distinct humified layer lackiug in those

“ of otlrer f orest types, Soils ‘were classified ae Onhic and Brunisolic Gray Luvisols, and have

well developed eluvial A and illuvral B bonzons |
o Specres composmon and stand charactensues lrave been described m greater detail in

Chapter 3. Drrf ercnces in soxl developmem among stands have been discussed in Chapter 2.

, _"‘-All stands were Iocated wnthm an 8 km radxus $O that sites dnd not_differ in macrochmate The

land surf ace varied throughom' Lhe study area with gentle, complex slopes ;(typxcal of ‘local
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acolian landrorms Almough sumds varied m slope and aspect, there were no con&ment
diﬂﬁa«s among forest types. |

7.3 Meth}odls . - | . :

- Within eath stand staked ‘plot. consisting of a S0m x 50m (stands‘ 1-4) or 25m X
25m (stands 11-14) area divided into Sm x Sm quadrats, was laid out.as a basis for |
randommng all samplmg Each plot was equnppcd ‘with 10, 0.5m x 0.5m wood and I’nberglasc .
screen litter traps to monitor litter over one (stands 11 “12 14) or two (stands 1- 4) annual |
. cycles. Traps were msuuled in stand.13 in tluly 1983 so that htterfall in this stand was
v measured for ten months. Annual lmer producuon in this stand was esumaled by calculaung )
the propomon of annual hnerfall blomass N and P produced m the other pine/alder stand
(3) during the ten months momtored in stand 13 ( 72%) and mcreasmg production values
"f rom stand 13 accordmgly Lmer was drled at 65° C and sorted and wenghed by componenls =
\, ‘mcludmg foliage by species, male cones, and structural matenal including twigs, bark and
assoomed lichen. Detaxls of collgcuon and ;ortmg procedures aré’\ngen in Chap;cr 4, -
Sorted littet from each stand from all collection dates except October were bulked by
. componem priar to nutrient analysis. Litter collccled f rom each trap on the October sampling
date was analysed. separately to gwe an indication of within sland variability in nutrient .
concemrauons All samples were ground m a Wiley mxll to pass a %0 mesh sieve followed' by
sulf unc acnd/peroxxde digestion (Thomas & al. 1967), and analysis {or tolal N and NH,’ using
standard autoana}yser techmqucs (chhmcon Method # 334- 74W/B\+) Samples collected

during 1983-84 were ana]ysed for total P using the same digest and auloanalyser method.

" Selected samples were analysed for total carbon using a LECO automauc C analyser

€ .

(McKeague 1978) . e |
. Fohage was sampled f rom uppcrmxd crown' posmons on 5-10 dommam trées of each
canopy species in each stand t' our times in 1982 to determine the timing of peak folxar N}ndf
once during the peak period (August) in 1983 In stands containing alder (1, 2, 3, 12, 13),

s

alder fohage was collected from several posmons on cach of ten alder’ bushes durmg thc same
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sampling periods. Nntriem analysis of foliage was carried out using the methods described for

litter,

’Specil' ic weight of alder foliage was measured on samples of 50 old and 50 young
leaves (second and 'r ifth leaves on a snoot zespectively). collecled from terminal shoots of 10'
shrubs in each of smnds 1-3 in August 1982. Leaves were piessed. air-dried and weighed and
. their areas determined using a'Li-Cor 3100 leaf area meter. Samples of freshly f allen littgr,
collected from the ground during litterfall in September ‘were treated similarly to allow

-

calculation of mass loss prior to aoscission. Specif ic weighits of coniferous foliage or litter
.‘fwere not examined. 4 |
To examine the susceptibility of N and P to leaching loss during the scnescence of
bf oliagc samples of alder leaves and pine needles which had begun to change color were
collected f rom two stands in September 1982. Fohage was soaked in distilled water (S-IOg in
' 250 mL) with occasiotial stirring over one hour. Leachates were analysed for total N and P |
' usmg the methods dcscnbed for lmer and compared with fohage nument concentrauons to
' 'determme the proportion removed by leaching. l “ .-
' Soils in sxands 1, 2, 3 and 4 were sampled to a depth of 40 cm nsing_a 7.6 ‘cm a
diameter coring tube. LFH horizons were collected from these cones in7en'iirety to allow
’ caleul'ation-of mass/area-'and' 4 cm sections were removed in mineral soil horizons to allow
calculauon of bulk dcnsuy Two cores we taken, at each ol‘ ozght random locauons in each ‘
stand and the mmeral so:ls bulked wuhm locauons prior to analysis. Forest l‘loor samples
" were analysed separately (16 per stand). Deep sqmlonzons were sampled l‘ rom 3 4 pus dugi .
ta 1.5m in each site using several cores of known volume from each honzon Soxls in stands |
11- 14 were sampled similarly usmg pits at four locatxons Forest l‘loor and A honzon samples |
were collected asa composne of five 7.6 cm dxameter cores from each location. ' oL
. All soil samples were dried at 100°C and welghed to allow calculauon of mass per area
L or butk densxty Subsamples were ground to pass a 100 mesh sieve for chemical analys:s as
follows: total N in forest floor samples using Lhe method descnbed for lmer and in mmeral

~ soil horizons using a a K jeldahl dlgesg_v (McKeague 1978) and the same autoanalyser procedure;



' . N v s : B
et Bt N ‘ N W . .
| N - 123
EEY . C
, . . : St ) “ .
A% . | T : . i B ® ’ i :

total C by LECO carbon analyser as indicated for litter; phosphorus in mineral soils using
' 9.03M NH/F + 0 025 M HCI (weak Bray) (Mcl(elgue 1978) orgamc P was estimajed ina.

-

slnglc bulked sample frdm cach honzon in eaph stand by measuring the difference in 0.5 M
M,50, cxtuctable P between samples ignited at S50°C for 2 hr. and unignited samples (Olsen®
and Sommers 1982) Nttrogen mineralization in forest l'loors and soil was measured over a 37
'week incubatton as described in Chapter 6. Net mmeraltzatlon to a depth of 40 cm was

‘calculated' from the data presented in Chapter 6 by multiplying thc B horizon Valucs by mne .
"{4cm sample depth) and summing with the A horizon and LFH valucs. .

~ One-way analysns of vanance (Z.ar 1974) foHowed by Duncan ] muluple range tests

Ve

. S
(Chew 1976) ‘were used for stattstlcal compansons among stands Loganthrmc trmsf ormntton -

of data was generally requtred for wetghts and ratios of nutrients in soils and litter to cnsurc
hpmogenelty of variance. l.‘m
7.4 Resuifs * B
. Forest floor and sonl characteristics : ;. o | . ) L .
Opncentranons of C in LFH horizons did not dif fer markedly between sntes (Table
7. 1), thh only the youngest pme/hchen and old sprude stand dtf fermg signif’ lcantly Greater |
variation among stands was observed in N concentrauons ‘with pme/alder stands gencrally
htgher and pme/hchen stands lowet’ than other forest types Forest floor P concentrauons
were lnghest in the spruce stands but dxd not. differ greatly among the other stands. :
Wetghts of C,N and P in the LFH generally paralleled thetr comcentrations (Table
; 7 1) -The younge,st pme/hchen stand (11). had sxgmftcantly lower weights of all three
elements than most other stapds while whghts of C, N and P m the LFH of the old spruce '
stand were higher than those of other stands. I\!eneral pme/ltchen stands had lower wenghts
of N and P than other f orest types Weights of - N in pme/alder forest floors tended to be high
) elauve fo other stands. , e
Sumlg C:N and C:P ratios wereobserved m all stands except stand 1. The high rattos

.m stand 1 probably relate to charcoal which was m6re commonly dbserved in the LFH of thts o

-

v
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~ starrd than m omem N P ratios were generall) hrgh.er m the pine/alder stands than in pther
“foresl types and did not differ srgmf rcantlw from the average N: P ratio of litterfall. Alrhough
LFH'N:P ratios were similar in pine/lichen and spruce stands, they were srgmf icantly lower
~ than litter fall ratios in pme/lschen stands and hrgher lhan litterfall ratios in the spruce
stanids. : , | .
Werghts of C and N ina 50 cm sorl profrle were lower in pme/lrehen srands than in  * 4
other forest tvpes with the excepuon of stand 13 (Table 7- 2) Weight of orgamc P to 50 cm ‘
differed markedly between forest types bemg lowest in prne/lrchen and hrghest in spruce
stands. Extracrable P was srgmf icantly lower in-the sorl of spruce stands than in those of
other forest types. Alrhough P extracted _usmg the Bray _mcrhod has been corrclarcd with P
'uprake by ’cerrain crops growing in some soils, its validity as a mcaeurement of P availability -
~ hasinot been demonsrrated i‘n“foresl systems in Alberta. This method exlracrs.e proportion of

reacji’ly solublecalcium and particularly. iron and aluminum phospheles in acid soils (Olsen

'andeOmrners 1982) The observed dif’ ferences in extractable P between stands. indicate that P
in sorls under spruce stands is contained in- drff erent chcmrca] compounds than P m other soils
'bul this may or ma) not indicate diff erences inP avarlabrhry Nitrogen mmeralrzed ina 30 cm
sorl profi 1le mcludmg the LFH was low in pme/hchen stands relauve to 0lher types and was
=hrghest in pme/alder stand soils. ' 5 |
o Carbon and N rn the mineral sorl horrzons were hrghly correlared (r=0.952 P<.01)
' our?conelatrons between C and orgamc P PN and orgamc P were not srgmf icant. In the

LFH no corre]auons begween elements were signifi ncam

{a

.Nrtrogen and phosphorus flux in litter

Transfer of Nin lmerfall was, in general, hrgher in 1983 than in 1982 1n§ihc lhrcc

-

pine dommated stands (1,2 3‘1 lower in the spruce srand (Tablc 7-3). Differences in N
rransf er among pme stands were much more pronounced in-1983 rhan in 1982 and reﬂcclcd
differences in litterfall bromass descrrbed in Chaprer 4. The low lmerf all in 1982 was

- 4

assocrated with abnormally low precrprtauon in that year comparecf"%vrth abundant rainfall in



Table 7-2.

0

Weights' of C, N and extractable 'and organic P to S0cm depth and

v ‘126

14

3059cd -

216d -

41.4

N mineralized during a-37 week laboratory incubatigqp to 30cm :
depth (including forest floor) in the soil grofile of each stand.
#eans followed by the same letter do not differ significantly
. (P»,05), .. .
¥ -
. Stand Forest Type . Total Total Organic Extragtable Mineralized
: ' Lo N P . P ‘ N 7
------------ T o 1 B b L e
1 Pine/lichen 2640c 14066 | 20.1 18.1a 10:5
2 Pine/lichen 2860bcd 1628 25.1 16.6a 2.6
11 - Pine/lichen 834a 82a 28.2 17.9a 9.2
12 Pine/lichen 1714ab  108ab  25.5 15.8a 1.0
’2. “ . B ".. ' - .)
3 Pine/alder/feathermoss  3190cd 214d  30.3 15.9a 18.7
13 Pine/alder/feathermoss  2488bcd 159 - 33.1 20.73 18,7
4 Spr&ée/fir/feathermoss 3412d 21608 3.4 10.6b 716.4
Spruce/pine/fééthermoss - 8.20- '35;9“

1
v
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1983. In .both years N transfér in. theﬁ‘p‘ine/alder stands uras higher than m the other forest
types. Phosphorus transfer in litter did not dif ler between the plne/alder and spruce stands
but was sngmr icantly lower in pine/lichen stands. |
Transl‘ er of N and P in litter were closely related to basal area both on an mdrvrdual
species and a stand bisis. Htghly sngml~ icant correlauons were observed between N and P
transf er in- pme f oltagc and pine basal area (r= 0 951 and 0. 939 respectively, p<0.01) and

betwecn total litter P transfer and stand basal area (r 0 891 P< 01) The correlations of N *

Atransf er .in total l” oliage litter and total lrtter wrth stand basal area were srgml‘tcant only when

N transferred in alder f oliage was subtracted (r—O 871 and r= 0 780 respectively P< 01)

Measurements of stand basal area included only canopy trees such that total basal area

: (mcludmg alder) was underesttmated Correlattons of N transfer including alder may have -

<=

been signifi tcant if alder basal area were mcluded in the estimate.-

- Nltrogen transferred in foliage litter m both years was hrghly correlated wrth N
mmerahzed ina 30 cm prof xle ( 1982 r=0. 960 P< 055 1983 r= 0 892 P< 01) The correlauon
with.1983 data was tmproved by exclusron of stand 4 data from the data set (r 0992
P< 00D (Frgu@l 1). Nttrogen transferred in total lttterfall in 1983 was also correlated with
N mmerahzcd (r 0. 940 P<L 01) as was P transl’ erred in total and foltage lttter (r 0. 900 and
0.865 respectwel) P<.01).

Turnover times

The Slues of turnover time presented in 'I‘able 7-4 have been. calculated usmg rates of :

elemental inppt to the forest floor and soil based ona smgle annuaf measurement in each
stand The calculation has ignored input from senescmg root tissue whlch may be greater than
- that from aboveground lttter Theref ore, the calculated values are consxdered to be

approxrmate estimates only. Methods used in the collecuon of data and calculatton of

turnover were h°W°"er consistent amons stands and elements such that relative dif ferences T

in turnover reﬂect differences m stand or elemental propertnes ’

%

o
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Figure 7-1. quogen ﬂux in fol:age litter in 1982 (o) and 1983 (o) in relauon to N

mineralization in a 30 cm soil prof 1le calculated f rom. laborator) mcubanon data J
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» Turnover times of Cin the LFH were short relattve to N and P with the exceptron of L
stands 1 and 4in whrch turnover was cmsrderably longer. Turnover ttmes l‘ or N and P tn thc
LFH fell within similar. Tanges ol‘ 19 35 years Tumover ol‘ P was slower than that of N in. the ,

LFH of three of the four pme/ltchen stands whtle it was l‘ aster than that ol N in LFH- of ‘
Iv “both spruce and the prne/alder stand, ‘ . .

| ln the soil prof ile to 50 cm, the C tumover varted among stands but in all srtes was |
substanually shorter than that of Nand'P. Turnover umes of N ranged l" rom 160-230 years in ‘_ :
most srtes with the exceptton %l‘ both pme/alder and the oldest pme/hchen stand m whrch it
was about half ol' that in other stands. In most sites the turnover of organtc P ina. 50 cm’
prof ile ranged from 300 370 years. However, both pme/alder stands were below this rangc
whrle the youngest pme/ltchen stand (11) was substantrally htgher ; |
D;namics of nutrient concentrations in foliage and litter ‘

| The concentrattons of N in pine olrage in August (Table 7-5) dtl‘ fered signifi tcantly
i 1 :

among stands and were hrghlv correlated wrth N mmerahzed rn a 30 cm prol' tle (r= 0 876

P< 01) Phosphorus concentration in pme foltage also varred among stands but diff erenccs

- ,dtd not consrstently rel‘lect forest types although both pme/alder stands had lower

concentrattons than the others Fohar ‘P concentratrons were correlated with- werght of orgamc
“ Pin the 50- m profrles (r 0.718 P< .05) but not with extractable P (r=- 0 504 P>0 2). Thc
/—cqncerttrauon. of N in. spruce f ohage was htghest in the pine/alder stand and lowest in the old \
spruce stand but l‘ oltar P concentrauons drd not differ among sites, Alder foliage dld not |
differ-in ‘N concentratton between stands in 1982-but - was generall) htgher in the young
pme/lrchen stands than in other stands in.1983,

| October prne and spruce litter had sumlar concentratrons of N in all srtes and in both

years wnh values generally falling within the range of 0.3% - 0 4% Phosphorus cOncentrauon

in October litter also differed between stands but concentratrons in spruce were. about twice as

© hrgh as in prne Conceutrauons of N and P:in alder htter were substantially hrgher than those

.in pine and spruce and .variation among stands, partr_cularly in N concentrations, was higher

‘
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Table 7-5. Concentration of N and P in August foliage and October litter
_and the proportion of each nutrient removed prior to
abscission calculated as: (foliage - litter)/foliage. Within
' columns, means followed by the same letter do not dlffer
'significantly (P>».05). ) -

Species Year Stand Foliage Litter % Change

%N ¥ % %. . N P
Jack Pine 1982 1 1.296ns .0.384 70.4
. 2 1197 0.355 70.3
| 31,255 0,404 67.8
% 4 1.355 0.352 74.0 :
1983 1 1.112abc . 0.1243b 0.348 0.021 68.7 83.1
2 1.232cd . “Q.132ab 0.363 0.021 70.5 84.0
11 1.015a 0.117a  0.301 0.021 70.3 82.1
2. 1.074ab  0.116a 0.364 0.028 66.1 77.6
3 1.297d 0.149c 0,389 0.030 70.0 79.8
13 1.234cd  0.135b  9.337 0.023 72.7 83.0
4 1.222bcd  0.156c 0.337  0.043 69.1 72.5
14 1.160abcd  0.139c  0.327  0.025 71.8 82.0
Spruce 1982 , 1 ;
301,117 ! 10.438 . 60.8
6135 . 0.348 . 69.3
1983 1 | | : R
. - . A
1 |
/~ 12 T @ ‘, . . 3
3 1.177c 0.201ns 0.451 0.058 61.7 71.)
. 13 . . .
© 4 0.880a 0.167  0.363 0.052 58.7
: o 14 1.038b . 0.180  0.366 0.048 64.7
\lder 1982 1 2.155ns, | | 37.7
2, 2.582 S i 36.5
3 2.530 : 1 32.0
a . N >
)t 1983 1. 2.79%c 0.203ns 1.849 0.106 33.8 47.7
. 2 2.747bc*. - 0. 187 1.803" 0.104: 34.4 44,4
12 2.623ab  0.188° 1.882 0.104 28.2 4.8
3 2.642abc - 0.194 - 2.084 . 0.110 21.1 43.2
13 2.582a 0.179  2.100 -  27.1 -
4
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in alder than in other lil‘ié;rs.
Change in nutrient cbhéenlration between young foliagc and liucr‘ can be interpreted
- as the resull of redistribution of ‘nutrients as needles age on thc -Lree and resorpiion prior to
\leaf abscxssmn Concentrauons may however be inf luenced by changcs; in leal mass caused
l bv resorpuon of C and loss of nutrients by lcachmg as well as by nutrient resorpuon Changes

9

in specifi ic wclght of conifer needles were not measu{ed but apy changcs in mass which may
have occuncd would be expected to be consistent among ;lqnds such thal compansons of

| resorptmn based on concentration are probably valid within a- Specws and possibly between
) comf er species. Thc specnf ic weight of October alder lmcr dnd not dnl‘ fer fxom that of August
foliage (follage 7 OT+0 185& mg cm"? vs litger, 6 71+0. 17SE; t lest ' P>0. 1) Leachmg ,
senescing foliage for one hour removed 0.33% + 0.06SE of N and 1.18% + 0.4881: of P from
pme needles and 0.12% + 0 035E of N and 4. 1% + 0.59 SE of P from alder leaves ,

’ ~ Within each species percent change in nutrient concentrauon between Toliage and httcr
was sxmxlar in all stands and in both years (Table. 7 -5). Nutnem concemramns were
significantly lower in lmer than in f oliage in, all cases but, because f oliage and lmer :
measurements were not directly panred stausueal comparison of the magmlude ol‘ change was
not possible. It is uplnkely. however, thal dif f erences belwecn stands within a species are
signif’ icar_u. with the pd,ssible exception .o‘,f__. the change in P concenlration in pine in sla"nd 4
which was distinctly low‘ér than compa:ralale va‘lues‘in other stands. l_n all 'species, -cvhange in
cqncentrations of P was highsr than that of N and. the ma'gniludc of change of both N and P
concentrationt was cqnsisteqthl highsr in pine than in spr'uéq and higher irl the conifers ,{\lhan :

\
in alder. - ‘

Seasonal change in nutrient coucentratlon in follage and litter
The data relating to seasonal change in olnage nutrient concentration are somewhal
.
" meager because samplxr}g was conducted to broadly identify the period of peak N, , /
concentration rather than to'specifically monitor seasonal p:merns. Some distinct seasonal

trends are, however, apparent (Figure 7-2)'.'Nitrogen concentrations were, in general, lowest

t
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Figure 7-2. Nxtrbgen content or )ack pme fohagc from stands 1 (solid line) and 2 (dashcd lmc)

T at four dates in 1982. Needle coboris: 19824, 1981 4, 19808, 19790.
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vm the spring prior to the flush of, new growth and chang«? sltghtly during the June-July
| growth period. The pattern of change diff cred between needle age- classes with young - needles
rncreasmg markedly in N concentration while older needls tnereased slightly or decreased
during the same pertod Nttrogen concentrauous mcreased during August in all needle cohorts
and then appeared to cdnverge on srmtlar values over the late summer and autumn,
Nutrtent concentrauons in foltage htter f rom: all specres in all stands followed a
' ‘cychcal pattem over the yéar with concentrattons rtsmg f rom ‘an autumn iow toa peak in
mid-summer and then dechnmg again rn the following. autumn (Figures 7-3, 7-4). Patierns
within species were similar. but concentrattons differed between stands at each date. Nitrogen
conc'entrati’onsxin pine litter were consistently higher in stand 3 (pine/alderi than in other
Istands, \yere lower in stands'lz and 14 andmuch’ lotver in stand 11. 'Phosphorus
‘eoncentrations in pine litter were consistently,highér ‘in.sta'ndbi',j4 than in o;/her stands while
stands 11 and 14 were lower. Cyclical ‘patterns in N ahd Pvco’ncen.trations were observed ifg
c'.‘a‘lder litter bl;l standard errors, nteasured within stands in Septernber litter, were so. high that
diff erences between dates were probably not statrsttcally srgmr rcant _
Nitrogen: phosphorus ratros of October pine needle lrtter were significantly htgher than (‘
those of August fdhage in all stands excem4 and 12 (Table 7-6). N:P ratios did not differ in

!

alder ohage and lttter and were not signif rcanlly or bnly slightly diff erent in spruce. 3

>
.

N

75 Discusion .

Accumulation of C, N and P in forest floors and soils

° Forest stands in the Mixedwood Section (Rowe 1972) of western Canada are normally :

destroyed by fire at intervals rangmg from 50 to 200 years (Hemselman 1981) and thus are ;
short lrved (elatwe to many other forests of the world‘ In the Hondo area- stands or individual
trees exeedmg 100 years in age are uncommon 1n these f orests, the long-term supply of

nutrients which drive or support ecosystem processes is dependent largely upon accumtrlated

nutrients in the soil because nutrient 'pools maintained in -the vegetation are subject to joss or

are returned to the soil during fires. Differences in the accumulation of organic nutrjents in
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_ the soil among ecosystems can be expected to reflect f undamental and historical differences in

ecosystem properties. - § : o o

The accumulatron and wrnover rates differ among orgamc C. N and P because of

dif f erences in the mechanisms by which these elemems are mmeralrzed (McGrll and Cole

¢

‘ 1981 ). Carbon can be expected 10 cvcle most rapidly through soil because it is sub;cct o

drrect loss through microbial resprrauon Orgamc N may be mineralized during microbial \
4 ¥
utilization of carbon -nitrogen compounds but may remain 1mmobrhzed in microbial tissue or,

wrll remain in sorl in mmeral form unless removed by plant uptake leaching, ammonia
\ volaulrzatron or demmfrcauon The net’ turnowr rate of N in the soil would, thercf ore, be
expe'cted 1o be slower than that of C. Orgamc P (P,) is thought to be mmcralrzed under

-conditions of P stress in mrcroorgamsms or plants because specifi i€ phosphalase cnzymcs must
' 2
be: synthesrzed to remove phosphalé groups from orgamc molecules, The slow rate of turnover
l
of Po'm'sorl ha,s led 10°its use as an indicator of soil developmem (Walker and Syers 1976).

‘ »The close assocrauon ol' C and N mineralization and Lhe« mdependence ol P from these

b ' *

eler 's;s»consrstent wrth the high correlauon between the C and N contents of the mrr&ral

1d-the lack of correlauon of P, wrth these elements. .

lfl'erences in turnover lime betwecn C N and Po obServed in thrs study are . -
con§rstent with rherr drfferent turnover qechanisms. In both LFH and soil the turnover of C-
'was substanuall} shorter than that ol' N@r P. The turnover time of P in the LFH was slmrlar

.LQ

s

3 of an orge-‘nrc nutrient in soil ‘reflects historical conditions is dependenl upon' its rate of -

turnover. In this study the turnover times of C, N and P in the LFH: horizon were shorter °

than stand age, suggesting ;h;u LFH characterislvics"primarlly reflect Qo__ndilions of the present
7 stand. The lurnover‘time ‘of »C in the 50'cm profile wals also generally shorter than stand age

rmplyrng that C concemrauon or werghls are ccntrolled by recent condmons The longer
o/ . &
turnover umes ol" N and Py in Lhe 50 cm prol' ile suggest that concentrauons and wergmg.b‘l

’ l

these «ﬂutrrenwvrn Lhe mineral sorl can be expected.to reflect historical dif fe erenqes _belween_»srles -

. With:Pg refleet“in'g a loniger hisro'ry ‘than N, Wh“en_vinterprered in this context, the weights of N

T
7

Lhal of N- but in’ lhe mineral horizons was much longer The degree to which accumulauon

werd

I
{



“TL 140

and P in mineral soil are consistent with. observations of stand age structure and soil profile
a . ‘J . : . ‘
development (Chapters 2 and 3) which suggest that the _present characteristics of these

ecosystems relate to dif ferences in vegetatron history .-
Mineral sorl characterrsucs while relatrvely umform wrthm forest types, vary between
sites wrth respect to rndrvrdyal nutrients and may indicate srmrlarrtres between stands whtch

are not apparent in the existing vegetation. The werghts of Po in the sorl of the two pme/alder

e
/

stands (3 and 1%) are srmrlar whrch is consrstent wrth the concept that the forest type
occupyrng a given srte has been constant htstorrcally However stand 13 has srgnrf icantly less’

" total soil N than stafd 3 and is'more similar to pine/lichen stands 1 and 2in thrs respect ; -

4

These data imply that stand 13 has been srmrlar to stand 3 in the past but more recently may
have had a lower abundance of alder and’ thus been more srmtlar to the prne/lrchen Stands

Data presented in Chapter 6 suggested that alder may have been more abundant m stand 2 in’

s
the past, leading to the conclusron that alder abundance in these stands ts somewhat dynamrc

1

O .
Stand ll al present contains no alder, and the very low levels of N in the soil of this site }

suggests that this species may have been absent or in low abundance hrstorrcally. . ":

1

. o
b b B
¢ v a . v
l ¥ -
i .

Relatrve demand for N and P
Differences in N:P ratros between htterf all and the LFH in each site may be - ~

tnterpreted wrth respect to the relattve avarlabrlttres of N and Pto plants and also provide

"inf ormatron relevant to the undérstandm’g of organrc nutrrent dynamics in the soil. If N and P
s - were mrneralrzed f rom d,ecomposmg litter by the same mechamsms and if demands for the
L
y “d

wo nutrrents’ we i 'ual the tatro of % :P.in the f'orest floor should equal that of the annual

lrtter input. Th,ts das not th_e case m most stands exammed In three of the‘four pme/lrchen
stands t@e lrtter N:P ratro was srgmf icantly hrgher than that of thé LFH rndrcatmg that N was
bemg removed from the LFH more raprdly than P. In contrast LFH N: P ;attos were hrgher

_-than those ol’ incoming lrtter in the spruce stands mdreatmg tha@was being removed from |
the LFH homons preferenually over N. Agarn this is consrstent wrth the turnover data in

which the resrdenee time of N was greater than that of P in these stands Removal of N from
’ B
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; a soil faster than Pi lS 1] be Fxpected because N is mtnerahzed as;a dlreCl result of orgamc
) \ og \ :
matter decomposmon Removal of P from sorl faster than N would only be expecte&l under

k)

condmons of P stress as mdrcated prevrousl) Thrs Suggests that the demand for P rela}\’e to

-,

N m spruce stands i3 htgher than that in pme stands Further roots, mvcorrhtzae or

" “associated m:croorgamsmg m these stqggds musr prel‘ erentrall) mobnhze organic P presumablv

through the synthesrs of ,pho‘ atdeiEymes in the Torest f loor. The hypothcsned'hngh
‘demand fi ot P by whrtc spruce !‘ls ‘covnsr'stem wrth high f oltar P concentrations mcasurcd in thts :
species relative to pine. Van Cleve and Noonan ( 1?75) rcport turnover times of N-in the R
.'t' orest f loors o‘f aspen stands in 'Alaska which‘ were 3-4 times Ionger' t’»han those of -P implying
that aspen has a hrgh demand for P.. Aspen 1s more common m'the Hondo spruce stands than
on other sxtes and also may contnbute to the rapnd turnover of P in these LFH homons ' 1‘,} i.
The results also 1mplv that pme/hchen stands mév be limited by N availability, an w
\ observatton Whlch is consistent wrth low levels of N mmerahzanon measured in.pine/lichen |
stand soils - Severely N llmxted systems could be expected to have a low demand for P and
would be unlikely to invest energy to mobilize orgamc P Thts 1s-wcorroborated by data f rom%
stand 11. This is the stand most hkely to be under acute N Stress it has the hrghest level of
sonl orgamc P among ptne/hchen stands and thls P has a turriover lime more than twice that
in any other soxl ' | | '
The two prne/alder stands and the oldest pme/hchcn stand differ f rom the other sites
in that the N P rattos of htter and forest floor do not differ sngmf icantly. ThlS implies that
. mmeralxzatron and uptake in’ these forest l’loors are somehow balanced Alder maintains high
foliar P levels.and presumably has a htgh demand for thrs nutrient. It is possible that, in |
pine/alder stands pme demand l' or N and alder demand for P preclude the accumulatron of
‘ 'one nutrient over the other It can bc hypothesrzed that the overall ratc of decomposmon and
N mmerahzatron in pme/alder forest floors is increased by mput of high-N alder httcr -and-
‘that htgh Rme productrvrty and concommrtant productron of orgamc Pis supportcd by high N
av&rlabrhty Thas would ensure conttnued abundance of LFH P which can be utrlwed by aldcr

ln this connection, it is 1nterestmg that the Iumover tlmes of Nand Pi in both the LFH and

C W

R d -

e
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50 cm profile are lower in the pine/alder stands than in the other f. orest._tyr)es. '

1

-

Controls on N and Pﬂtransl’er in litter ' |
"1'\ The hature ol' the controls on nutrient transfer in litter are suggested by the . R
- significant correlattons ol‘ annual nutrient flux with basal area and soil N mmeralrzatron"l’he o
relationship between BA and nutnent flux undoubtedly stems [ r0m the relatronshrp between
BA and litterfall mass (Chapter 4) arising [ rom the ovcrall control ol‘ stand btomass on lrtter
production. It is reasonablc o expect thar a specres whrch accounts for a hrgh proportron oﬁ.
stand bromass will make a larger contrrbutron to lrtterfall nutnent ﬂux than a specres with
small relative biomass. This genera.hty is-not, however wrthout,exceptrons Old mdrvrduals
such.as the jack pine in stand 4 may consitiute a large stem fbromass but support a small
foliage mass and contrrbute little to f ol).;gc litterfall;. decrduous shrubs or trees, partrcularly
" alder, may have high foliar nutnen% le‘vels and litter productrons relative to therr total

biomass. A" corollary of the relatronshrp between BA and nutrtent flux is that factors

controlling basal area will ml’luencé nutrient cyclmg ‘Stand BA 5ncreased wrth sTand age

(r=.759 P<.05) such- that an mcrease in nutriént transfer in lrtter with tncreasrng age @uld \
be expected. Companson of basal area mcrements among forest types of srmrlar age suggest
that the rates of increase in BA and by assocratron nutrient flux, drf fer among sites (BA-
mcrement (m yr-t): stands 80 85 years; S3, 0.402; 812 0. 329 S4, 0. 497 stands 65 years SZ
0 312 813, 0. 490) Af ecdback mechamsm appears to be in effect such that hrgh srte fertrlrry , ’
‘”tends o result i in -higher productivity and annual biomass mcrement ‘and larger amounts of.
. ,nutrrents cycled through litter whickin turn mamtams site ferttlrty Whrle thrs l‘eedback
mechamsm may explarn the mamtenance of nutnent cyclmg patterns in, srtes of drf feting
fertility and productivity, it does not,‘add'ress the que§tron of how different nutrient cycling -
. patterns and rates [originally became estahlislieo in sites which are similar in edaphlc and

climatic conditions. o o
. = Toe . -
The correlatrons between N flux m htter and N mrneralrzauon (Figure 7- 1) are

consrstent with the hypotl‘resrs that fertile sites cycle more nutrients than infertile sites. The

o
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estimate of N mmerahzed in a 30 Cm sorl prof ile is based ona Iaboratory mcubatton and must
be r‘nterpreted as.an mdex of the potenual of a sorl to mmeralrze N.. It is expected that a soil

| with-a high potentral to mineralize N as measured in the laborhtory. would mineralize more
N in the reld than a soil with low mmerahzauon potential under uniform field condmons

The correlatrou of mmerah tron estimates with N cyclmg and pine foliage N concentrattons
supports the vahdrtv of this assumpuon The degree to wh;ch the N mmeralrzauon potential
of, a soil would be reahzed in the field, however, would be expccted to vary WIlh temperature

and morsture such that differences in mrnerahzauon potentials among soils m"y not be fully

expressed in very dry yearsr ’_ " 1 B | _
Dif ferences in N ﬂux in f ohage htter between stands were more drstmct Jn 1983 when
plant growth and mmeralrzatron would not have been restncted by moisture ‘availability than

B

m 1982 when morsture aVar]abrhty was more lrmrtmg ‘The magmtude of the difference

between the two years in N ﬂux m pine. stands appeared 10° vary with'N avarlabriny even

—_

though this dif’ ference was the result of changes in htter mass rather than nutrrent

concentration (Chapter 4). It is ~po§srble that retention of old«n_wdles rn pme is dependent -
rupoh the -amount of.current growth such that needles will,be‘abscissed if current year needle
- mass is high but will be retained if current growth is limited.-In $tands wrth low N .
avarlabrhty,qsuch as stand 1, current year growth may be limited by N and not respond
greatly to changes in moisture avarlabrhty. Pines in these-stands’ would be expected to abscis'e '.
| similar masses of needles in wet and dry years. In stands'with thigher N availability- such as
stand 3, current year growth may be lrmtted primarily by moisture such that growth and
concomrtant litter producuon is htgher in wet years Fohage litter N flux in the spruce stand
did not differ between years even though N avarlabxhty was high. The spruce and fi rr m this
stand rhaintain their needles for 10 or more years with wide vartatron in needle retention
between trees or branqhes within a tree It is possible that these species have greater ﬂexrbrlity

than pme in the bromass of needles mamtamed ona tree such that current- year growth does

not replaee but may be added to older nwdle eohorts o L
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Controls on nutrient dynamics in foliage and litter . C e

L4

Growing tissues are considered tlo be nutrient sinks which draw on nutrient's'jeither
from the soil or from older tissues (Hill ,1986. Salisbury and Ross 1978). Nutrient demand or
sink strength of gro»ying. tissue is high in early spring and decreases as new leaves mature later
Jin the summer. Nitrogen availability in the soil ‘is' expeCted 10 be low in the early spring
because ol‘ low sorl temperatures but will increase as the soil warms if morsture is adequate
Conscquently. older tissues are important nutrient sources in early spring. Mmerallzatron of N
is probably maxrmum in mrd -August and diminishes - thereaf ter as sorls cool in the autumn. av !
Phosphorus avarlabthty. which relates to both organic and mineral forms of P, follows a less . |
, predtctable pattern and may depend in part on plant demand. Thus plan emand and ™

nutrient-availability vary mdependently resultmg in seasonal varratton in the demand placed on
- nutrient pools in, older foliage whrch should be reflected inf olrage and litter nutrrent
concentratrons _ y | o :

The pattern of change in follage and lttter nutnent concentrattoas and drfférences in
this pattern among stands is generally consistent wrth predrcted source/smr relattonshrps
controlled by plant growth and sotl nutrrent avatlabrl:rty Lo N concentratrons in foliage
during the period of May- luly are consistent wrth removal of N from mature f oliage early in
May to support the development of new needles prior to bud burst, at a time of low soil N
avarlabrlrty As the season progressed “both foltage and litter N concentrations increased as
would be expected wrth decreasmg nutrtent demagd hy new needles and Aincreasing supply
Differences between sites in the rate of increase and in peak N content of litter generally
‘rel‘lected soil N avatlabrhty and suggested that yesorption from nwdles prror to abscission- was
’hrgher in less fertile sites. ln pme litter P concentrauons mcreased less than drd N’

| concentrations, and P content *ematned relatrven high through the ftrst half of the summer

€

In contrast, P concentrattons in spruce litter remaﬁt‘ relatively: low f rom May untrl July and
s

then rose raprdly to peak in August and September Th/ese results corroborate prevrous -
suggestions that P stress was higher i in spruce than in pine. High nutrient concentrattons in
associated fir litter suggests 'limite_d growth potentia)l‘in the subcanopy position occupied by -

: \ . e
(- . »
. Ry

V'
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The conoentrauons of N and Pin lrttcr from all species declined markedl) between
August and October even though demand wduld be expected to be low during this period and

mltnent avatlabthty would not have been resmcted by low temperatures until well mto

September These results suggest that nutrrent resorpuon during autumn senescence is not
: : controlled by source/smk relattonshtps.determmed by the balance of growth demand and

' avatlabrltty but is under the control ol gcneuc possrbly hormonal cues ‘This is consistent

wrth obssrvattons of seasonal patterns of datly productton whtch suggested that autumn

“litterfall was controlled by mtemal plant processes (Chapter 4). In addition, calculation of

nutrient resorption. f’ rom maximum fdliage and minimum litter nutrient concentrations

: ind_icated that, although the proportion of nutrients resorbed prior to ‘a“bscission differed

T

; among_species, it was remarkably'uniform within ’species, bet\/aveen sites which differed greatly

s

in nutrient availability (Table 7-5)..1If autumn nutrient resorptior‘l was inl‘luenced by nutrient

'avatlabrhty, dtf f erenees among stands would havebeen expected to be much greater.

October lttter N concenqa.ttons were umf orm among stands years, and pine and

.__spruce mdtcatmg that the control on autumn N content may be universal in ptne and spruce.

Nttrogen rematmng in needles at the mtmmum concentration may have been that assouated
wrth structural matertal If this is true autumn N resorption in ptne and spruce represents |
total retrieval of N whtch can be enzymatrcally mobilized. The high N contents of October
alder litter'and their wxde vartabtltty within and among sites suggest that controls on autumn
resorption m this spemes are drfferent from those acttve in conrl' ers.

The results of this study relating to nutrtent dynamtcs of foliage and litter mdtcated
that feedback mechamsms linking the nutrrent contents of htter falling on the LFH wrth 501}
nutrtent availability via plant nutnent upta_ke and allocation, are acthurmg the spring and
early summer. The connection between soil nutrient availability an_d litter nutrient
concentration does not, however, appear to be active during autumn senescence. In general,

i

winter litter nutrient contents are similar to those in autumn suggesting that much of the litter

-

collected during winter was abscissed in autumn but did not fall. Thus, literfall nutrient *
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‘concentjalidns appear to be independent of site fertility during the majority of the vear gnd
“" the proportion of total litterfall in which nutrient concentratiofis are influenced by availability
| is low, ‘prob‘;;bly lcss" than 20 % (Chapter 4), ‘

This rescarcfi has shown that, although N and P concentrations in litter and foliage in
carly summcr reflect soil nument avaﬂabxlny. nutrient concentrations in a hngh proportion of
lmer are gcnerally controlled by genetically determmed processes charactensuc of each species
and mdependem of site fertility. The mass of Nor P reiurned to the soil in litter produced by
a gwen species in a stand is determined by these specnes specific allocauon patterns and 1he
blomass of that specnes in the stand Thus stands may differ in their nutrient cycling
character:sllcs becausc of dif ferences in biomass or in specxes composmon One aspeet of the
f eedl;ack'mechamsm Wthh ensures propornonahty between nutrient cycling through plants
and soil feru\hty«undoubte&ly relates directly to biomass accreuon because sites wnth high
numem avallabxlny support higher producuvuy and grbwth rates than less ferule sues In
addition, feedback control between soil. fertility and species composmon would exist if
nutrient cycling pattems established by a species in one stand promoted the eslablishment and
survival of that species or -réduced the survival of other species in subsequent: stands. A better
: understandmg o[ the mt‘]uence of soil f eruluy on. growth and survival of individual specnes

and on species interactions ma/y be required before the stabxhty in vegetation and nutrient

" cycles can be fully e_xplained. . ¥ | 3 _ .

B
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7 gpecies composition. soil development and nutrient.cycling patterns. In broad terms,
- ecosystems with pine/lltihen ve_getation'have weakly developed‘solls with a small capital of N

" and P which support low levels of N and P cycling In cont'ras't:' spruce-dominated systems

[
»
Y

"8, SYNTHESIS =2

remained relatively stable with time and exhibit characteristic combinations of vegetation s

gl

g

‘have sbils wrth greater profile development and a large nument capnal which supports a htgh

L

level of nutnent cycling. Pme/alder systems are mtermedtate betwoen the other l‘orest types in

A

sonl development and nutnent capital but appear to cycle nutnents more effi tcnently resulung

in htgher levels ol' nutrtent cycling than would be predtcted from nutnent capltal in relation to

other systems.

During lhlS research a conceptual model was developed as a working hypothesis or
[ 4 3

controllmg relattonshtps among ecosystem propertnes and processes The model was used to

organize data collection and to identif y parameters reqt_urmg measurement. Control

~ mechanisms included in the model were demonstrated by, or inferred from, data collected in

the Hondo stands or obtﬁmed from published reports of research in other areas.

The conceptual model, shown graphtcally in' Figure 8-1, describes the Hondo

%

ecosystems in terms of relattonshlps among vegetatton characteristics, fire f requency and
intensity, forest floor properties and factors relating to soil profile development and soil
fertility. l’rocesses relating to the dynami‘cs‘ of soil water and to the influence of soil texture
on various systern cornponents were not included specifically, altltough they cannot be -
considered i’nsignif icant. Relationships among system properties and processes fesult in a series

of f wdback loops which may explain the long-term ecosystem stability suggcsted by the

' results of thrs study. The processes described in the model can be broadly divided tnto three -

,categorreS' 1) controls on.the relative abundance of species wrthm a stand; 2) controls on soil

development and 3) controls on site ferttltty Within each of these categories, the mechanisms

whlch may have resulted in the observed dif l‘crences between ecosystems in the Hondo area

are drscussed in detail pelow.

“e
LI

“yab

‘The results of this research suggest th_athsand ridge ecosystems in the Hondo area have _

L ¢



*iguré 8-1. Hypothcﬁcal con‘ceptual model bf processes active in the Hondo stands.

4 - N
s N \



.18




-

Controls on vegetatlon . '
> . Two basic questrons regard’mg vegetauon arose durmg this r@earch 1) wb_y‘drd

dif’ f erent silgs support “diff erent forest types" and 2) what mechanisms led to contmued

rcplacement ol‘ pre-fire stands gy post -fire stands of. srmrlar species composrtron as. has been

s\uggested b‘i'l-lemselman (1981) and the results of Chapters 2 and 4'7 |

J :
In Swedish boreal f orests.'snes which burn frequently, _because of climdtic,

. ! . y - e ' . : ‘. A
topographic or human influences, support pine/lichen woodland while, sites protected f rom

s

fire develop spruceLf eathermoss forest (Tamm 1982). Although thrs relatronshlp among f¢ orest.

o

whrte spruce can become dommarlt only in areas with Tire return intervals longer than its

-

reproductrve cycle of 40 60 years ln areas with more frequent fires, there is insuf l” rcrent trme
f or estabhshment growth and-sexual maturrty of white spruce and specres with shorter

reproductrve cycles predOmmate -
. // ‘l

- "', Differences i fire r requency may explain d1f f erences in vegetauon ambng the Hoiido

3

, L)
srtes Both Spruce ‘stands are looated on sand rrdges which are isolated fr rom other upland srtes

b) f en compleges and bog forest and would be unlrkely to be burned by f ires rgmted in other
S areas In contrast the pmc/hchen stands are located in extensive- upland areas ‘with few

k‘ f eatures that would restnct the spread of f ire. The pme/alder stands are m an mtermedrate

i

: posrtron located o on the edge of a broad upland area. . o o e

FRREENS

. Differences in SQl] tefture among srtes may also. explam diff erences in f orest
: ' /

Ly
’vegetatron White sprtQ\{s more commonly observed growmg on fine- textured so;ls than is

‘ jachrne and may have a requrrement for or amadvantage on soils wrth high { lay contents

4

However, white spryce occurs extensrvely on sandy sorls in northeastern Alberta (Raup 1946)

»

+  The mﬂuence of soTtexture on the geographrc drsmbutron of these species has not been

> (N

exammed in the lrtera € so that conclusrons must remain speculauve

Many boreal specres appear to bc adapted to f requentﬁestructron by fire (Hemsel/man

e 198Wp'ossess modes of reproducuon or.
“in post -fire s as Thu results in lrttleiehang

jI¥'species composition betweem generations of

types has not been demonstrated in Canadlan boreal regions, Rowe (1971) has suggested that

_generaupn/whrch ,ens.rre their re-establrshment .

s
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e Y
jptite comx‘non 10 many

boreal specres mcludmg tremblmg aspen’, green alder an ) ‘ ; Now shrubs and herbs and o

g ' allows rmmedtate Ie- estabhshment af ter fire. Thus the presence of these specrés in a stand rs o
m most cases mdrcatwe of their presence in prevrous stands-and probable presence in .«
subsequent stands Only a particularly hot ground frre wrll result in the ellmmauon of clonally
regenerauve specres Jack pine has’ serotmbus cones whrch open and shed seed onlv after being
exposed to heat, ensuring. umely input of seed to the post -fire stand and’the contmued
pre_sence of thts specres on a site. Whue spruce appears to have no spectl' ic adaptauons f or

# Vregenerauon after fire although it f requently acts as a pioneer in post-fire stands (Chapter 3
Rowe 1971). This specres is consrdered to be dependenl on. survrvmg trees wrthln or on the
perlphery of a burned area as seed sources (ﬁasada and Gregory 1969). Prellmmary evidence |
f rom the Hondo stands mdtcates that whrte/ spruce wrll germmate from seed -bank stored seed
(Table 8 1) Whlch may represent an_ alterhauvé mode. of entermg post -fi rre stands as observed
by Archibold (1979) Both sources of pos; -fire white spruce seed are strongly rnf luenced /5)

f ire behavror An extensrve crown fire wr/ll reduce or ehmmate potcntral seed trees surviving m
an area whtch may result in reduced spr ce seedlmg establrshmem parucularly because seed
dlspersal in spruce is generally less than 100 m (Zasada and Gregory 1969) An intense gfo\rd

_ f ire will elrmmate possrble establishment f rom seed bank sources ”
| Forest .ﬂoor ch;racterlstrcs ma / play ‘an important role in de'lermi'ning the relative .
abundance of jack pme and whrte spruce Post -fi ire )ack pme cstablrshment is inhibited by '
org;mc accudr,ulauons deeper than 1 cm over the mmeral soxl (Chroscnewrcz 1974) while whrte
spruce is morc tolerant of orgamc seed beds (Zasada and Gregory 1969) Forest ﬂoors in pine

stands are generally loose and composed prtmarllv of shghtly decayed htter Thrs may be

Lo " attrrbuted to the mherently slow decomposmon rates of pine needles and Pleurozrum

a4

feathermoss (Chapter 5) and the raprd 3lecomposrubn fate: of Cladma hchen whtch reduce. the‘_"

, accumulatron of moderately decomposed and huﬁnf‘ied,;natenals In contrast Eorest l‘loors in
- spruce stands are commonly more compact and appear more decomposed than those of pine -
R4

stands presurpably because of the mtermedrate decomposruon charactenstrcs of spruce needle
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and Hzlocomrum litter (Chaprer 5) Frne. .loose f uels wnh hrgh surf acc area: volume rauos
and high porosity are genérally more easrly rgmted and carry fire beuer than “more cornpact
fuels (Rundel 1981) Pme stand forest ﬂoors mav rheref‘bre be more easrly and complelely
destroyed by fi ire than spruce stand forest Sloors such that. seed beds produced by burmng of

pme stands may have lmle orgamc accumulauon and be conducive to jack pine esrabhshment
Seed beds in burned spruce srands would be expected to have. higher residual orgamc
accumulauons which may inhibit the eslabhshmcnt of jack pine while prom.otm‘g that of
.. v'spruce Resrsrance or spruce stand forest ﬂoors 1o burmng would also rncrease 1he probabrlm

of regenerauon of spruce and, other specres from seed -bank stored secd Thomas and Wein
(1985) found that Jacls pine esrabhshmenr was reduced ‘while that of orher boreal, conifers

was mcreased by shading caused by herbaceous and shrub specres on burned seed beds in New
_Brunswrck : The hrgher densrt_y of seed of broad leaved species in s‘bruce stand seed banks

(Table 8-1) in cor_rjunction v.virh‘-rhe higher probabﬂiry that seedbank”seed would survive fire
- in spruce stan'ds,‘ rnay' f urrher promdte the replacement of spruce srands by spruce stands and
'pine stands by pine stands. . | | | |

According r”o Tamm (1982) Swedish pine/lichen woodlands catch fire morc readily

| than spruce/t‘ earhermoss forests. The mechamsms leadmg o drf fé erences in stand f lammabrluv N
~ have not been esrablrshed but may felate to drfT erences inf orest f‘loor characteristics as
discussed above or to drfl' erences berween specres m canopy srrucrure or volatile cornpouhds fr‘n s
folrage (Rundel 1981) The combmalion of observatrons 1ha1 pine stands burn more ,

. \/
-‘frequenrly than spruce srands and rhat f requemly bumed srres tend to be oecupred by pmc

®

while rarely bumed sites are occupred by spruce Q amm 1982) rmplres mherenl feedback

B

mechamsms in these foresr types which rmparr : brh,ry lo vegerauon patrerns in a manncr '

4

v consrsrent with the resulrs of this research 15”‘

Srte fertility may also rnfluence stand specres comﬁposmon although this control , PR

‘ mechansrsm was not specif rcally exammed in this reseaw @umem use effi rcrencres may :

dif fer among species such that their relative growth rates may vary with nutrient availability.

1,

For instaricé, spruce growing in pine/lichen stands may grow slowly relative to jack pine



‘ "i_;lControls on soil horizon development S

! because of nument limitations, but may grow more rapidly relative to Jack pme in more

f crule pme/alder stands. Alder may be restricted in its establishment or growm in pine/lichen
stands ‘because of low organic P levels but be prornoted by higher levels in pine/alder stands. ,

These scenerios are speculative but such nutrient -mediated relationships among species may’

T

~ strongly influénce vegetation patterns and should be examined.

C

/

N ‘ ‘ Y

Bvidence for vegetauon control of soil development was obtamed in this study

L

through correl?lt% of sotl properties with forest type. It is generally accepted that factors

relatmg to spa:tf ic vegetation types or individual spectes play a role in mobilization and

translocatnon of clay, iron and aluminum in soil profiles (Soil Survey Staff 1975) 'l‘he

A

parttcrpatton of specific organic compounds vparucularly polyphenols, in eluvral processes has
becrr“documented in the literature (Bloomf jeld 1957, Coulson et al. 1960) The occurrence of

mdtvldual species has, in some locauons “been linked to soil developmer:t;(Ftsher 1972

*

Cranl‘pton 1982) and extracts or specrftc lttter types have been shown lo cause reacuons with -

I
sorl constttuents Whlch may be'involved in developmental processes (Ellts 1971). However ﬁ“ v&l
;l
relattdnshxps between soil development and the chemtcal characteristics of lrtter or canopy drtp
o{ spectf ic f orest types within a landscape do not appear to have been examtned Preltmmary

data (thure 8-2) collected in thts study. suggest that the capacny of LFH horizon leachates

la dtsperse clay differs between l‘orest types. In parttcular leachates from pme/ltchen forest

of other forest types Forest floor leachates also drff ered in thetr capacity to dtsperse
monlmortllomte although the dtfferences were not as marked as in kaolmtte - Dispersion of

clay xs an tmportant factor ml‘luencrng clay’ eluvnanoni;r;m surf; ace soil horizons (Sorl Survey

u

. Staff 1975) These results rmply that dtfferences in eluvrauogl among soils could be related to

differences in the chemtstry of forest floor leachates among forest types.

Controls on-site fertility and‘nu"tri‘e‘nt cycling .

I
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g "Figure 8-2. Clay's;zspended in 40 mL of solutions of .leachates from LFH h-orizong of

pine/lichen (1), pine/alder (3) and spmcé (4,14) stands. Fifteen léachatcs per sEand \
we;e prepared by filtering 125 mL deionized water through undisturbed LFH cofes :
(6.7 cm iameter) which had been incubated moi;&in the laboratory for 10 days. ﬂg
Acidif! ied clay (.500 g) was shaken'in a cexfﬁif uge tube with 15 mL lea_chalc + 25mL
dexomzed water, allowed to settle for 2 houxs *Ten mL of supcmatam was-pipetted h

from 2 cm below the surface of the susym and ox n [ allow calculation of B

v
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}\val5 ol’ N in the Hondo stands appeared to be closely related to characteristics

of the vegeta Thts ef fect was the result of dif ferences in both quality and quanttty of N
)n LFH and mmeral soil horrzons Differences in N ‘mineralization in LFH horizons between
forest. types prtmanly reflected differences m the amount of accumulated N rather than in N

qualtty. mdtcattng that controls on mmeraltzatton in these horrzdhs related ta the magnitude

’ of N ﬂuxes thhtn a stand ln eontrast mmeraltzatton in A horrzoms was influenced to a

v

- ‘greater extent by N quahty tmplytng that, mmeralrzauon in these hortzons was controlled.bv

S

. absoltlte terms beeause P avatlabtlttyamay be controlled by plant demand in addmon to o
‘vchermstry Tumover ttmes ol‘ sorl N ﬁrd 'orgame & d LFH N P rauos mdr

proccsses mvolved in decomposrtton and humtf ication of above- and below-ground litter in

addttlon to the magmtude of N l'luxes These observanons indicate that vegetation influenges

. s0il N availability through its COntrol of the amolunt of N cycled through litter, determined

primarily by stand biomass, and through control of lttter charactertsucs whtch modify
decomposition processes .determined largely by stand Spemes composmon Mlnerahzauon of N
in pme/hchen stands was lower than m spruce stands mamly because of relanvely low levels ‘

4

of N in the f ormer rather than drf f erences rn N quahty In contrast, N avarlabrlrty was htgher

"in pine/alder than in spruce stands desptte srmtlar levels of N cyclmg in these f orest types

>

because of higher mmeraltzauon rates r'elated to the qualtty of N in sorl of the ptne?’alder/

stands , f*"

‘ Esttmauon ol' phosphorns avarlabtltty was dependent on dndirect interpretations

because the plant charactertsues expected 10 relate to P availability, (l‘ohar P content, lttterJ P

flux) did not ref‘lect P recovered by chemtcal extractton Soluble P ‘in soil soluuon is derived

. by desorption and drssolutton of various morgamc P compounds and by enzymatic cleavage of

phosphate esta;s f rom orgamc compounds Phosphorus avatlabrhty would therefore be

expected: to'be cont?dlled by the relattve abundance of the inorganic and organic forrns The .

"

results ol‘ this research suggest, ho : that it may not be possrble to measure avatlable Pi




139
forest types with t")rganic P nlaying a greater role in P cycling in,epruee stands than in
pine/lichen forest, possibly beceuse the latter were more severely ltmited by N than by P.
Differences in inorganic P fractions between soils, under dtff erent Torest types (Chapter 3).
specif teéux ,lpw Fc P and Al-P i m spruce and low Ca~P:in pine/alder stands, may be further
evndence that sourees of available P dt{{er among plant’ spectes Spruce stands may
preferentially mobilize Fe-P and Al P possxbly through calcmm oxalate production b)

. mycorxhlzal fungi as suggested by Granstem et al. (1977) leadmg (o the observed depletion of
these phosphate compounds in so:l Mechamsms whtch mrght reduce Ca-P, relative to other
morgamc forms of P, in soil. uhder pme/alder stands are unknown and warrant f ur&er
researth. ) E ? : | ‘

Controls on nutrient e§cling patterns related both to innate behaviors of individual T
species‘and to sgte fertility':?'Nutrient concentrations in foliage differed among species but

| remained rel;tively constant within a species across a range of fertility conditions. This

=

suggests that the species examined were relatively inﬁexible with regard to nutrient
concentration and resporfdcd to increased fertility b)} increasing biomass drnther than nutrient
content or that all systems had low f emltty relative to de.mand Sxmtlarly although litter N
concentratton appeared to reflect N availability durmg the spring and early summer, the bulk
” of annual’litterfall did net differ in N eontent across the fertility gradtent. ln addition, liuer
structure is unlikely to vary substantially with site fertility such that'both chemical an_d
structural charactertsttcs of litter which mﬂuence decomposmon processes are relatively fixed
_ within a specnes with lxttle variation’ among sites, The sxgmf icance of an. tndmdual species in
controlltng nutrient cyclmg patterns may differ among stands, but only as the result of -
differences in the biomass of that species on the different sites. Among sta'nds of similar '

v species composition, N flux in litter is expected to be higher on more fertile sites beca.usé‘;of
- higher vegetation bto%mass and eoncoxititant litter production rather than incteased nutrient -
y Contenté : ' = B . |

The umformity Ln lttter chemistry and structure ‘withih species across a range of site

- erultty suggests that the mfluenoe of an individual species on decompostuon and associated
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"'nutrie'nt cycllng processes corntrolled" by thesé\"properties also vaties little among sands. Thus
for instance, ptne needles would be expe(;ted to" be inherently slow to decompose in both fertile
and mrerttle environments although in femle sites decomposmon may be accelerated by |
nutrient released durmg the decomposruon of other species sﬂch as alder. Consequently. the
relative abundance of the species within a stand is one of the pnmary controls on
‘ decomposnlon and associated nutnent cychng processes. Controls on specres abuhdance which .
may relate to fire frequency or mtensrty. seed avatlabtltty, or site fel'tllll)"‘( Figure 8- l) :
therefore mdtrectly control nutnent cycltng patterns and processes.

These results suggest that a major change in the speetes composmon of a stand will
- result in a change in nutrtent cyclmg patterns which, if persrstent will eventually be expressed
in site ferttltty If alder -was removed from a pme/alder stand, LFH nutrient cyclmg processes
would, ower a penod er ttme become controlled by the decomposition charactensttcs of ptne
litter. If this new vegetation type were matntamed through several generattons of forest the '
qualtty of N in the A horizon and, t0 a leSser degr& in the B hortzon would become more
typical of that in pine/lichen stand soils; and the rate of ‘N cycling through LFH and mineral
‘horizons would decrease. The influence of such a change in cycling pattern on stand
productivity is dependent upon the total amount of accumulated N. If total N is high, even a

H

slow rate of mineralization w:ll generate suf f icient avarlable Nto support high stand : ég«

productivity as appears (o be the sntuatton in the Hondo spruce stands. If total N in the sytem '

is low, however, decreased productivity would result.
8.1 Conclusion K S ‘*";;

 The results of thrs rcsearch as summanzed in thure 8-1, emphagtﬁ (f}'le hrghly
integrated nature of ecosystem properties and processes and suggest that‘?esemch at the
ecosysiem level of abstractton‘ must relate concepts drawn f rom sev&t;al mdependent
dlsciplines. This research considered aspects of plant population _biol'b"g'y, vegetation science,
fire science, soil chemisiry and biochemistry and soll morphology and genesis. Ma_ny of these.
disciplines are not commonly examined within the context of a singnl‘e study. One.of the .

\d )

Y



! “, ¢

comrrbuuons of thrs research theref ore, has been the tdentrf ication of links between processes

J v\

in dtf ferent dtscrplmes which’ can be consrdered inf uture research. These links, as expressed in

Figure 8-1, mclude'

n

1. . Feedback control between vegetauon and fire f requency

l

2. ‘Feedback comrol between vegetation and' post -fire srte conditions and propagule

avarlabthty thro gh controls on litter and forest ﬂoor conditions.

”\

3. Feedback comrofmpetween vegetation and SllC f ertrlxty through comrols on litter

charactenstrcs decompoSitton/mmerahthtron in LFH and mineral soil honsons soil

phosphorus chemrStry and dlfferentral response of specres to nutnent avarlabxhty
4. Control of vegetation-on soil, development through controls on lttter and f orest floor -

characteristics and decomposition processes. ' : ;
\
. . V\ . [ ¥ o
Three general conclusions can be drawn from this research to summarize the specific

| conclusions of each chapter: )

1. Forest types occupying individual sites in the Hondo area have remained relatively stable
historically, with little chanée in species composition bet)v)een generatic_ms of forest.

2. Nutrient cycling bauems are delermined primzrrily by stand specr'es composition such that
long term stability in vegetation has resulted in vegetatron/nutrtent cycling/site

fertxhty/sorl development ChaIaC[erlSllCS specrf ic to individual forest types

¥

3. These ecbsystem characteristics appear to be stabifized over time by internal f eedback

mechanisms re]ating to interrelateq controls between vegetétion and soil.
- 'Many areas requiring further irtvestigation have been identified during the course of
'this res‘eer'ch program as indkicet‘edtin indivr‘d,_ué} chapters. The majority of these area; relate in
some way to characteristics of sod LFH and A horizons because-these layers appear to '
integrate many ecosystem proceeses. LFH and A herizons warrant future recearch in many
areas ineluding; \
1. Control of litterfall characteristics on LFH chemtstry and archuecture including the
interactions between litter types within the same horizon.

2 Interactions between LFH and A horizons.

.



162

3. lmerrclationships between fire frequency and intensity and forest flobr (LFH + bryoid

layer) architecture and chemlstry ..

4, Comrol of LFH and A horizon charactensucs on secdbank seed storage, post-fire seedbed.
conditions, and germination, esl.abllshment and growth of individual species.

5. Controls of LFH and A horizon properties on mine;aiézation ‘of Nand P..

" 6. The influence of nutrient availability in LFH and A horizons on speciés im‘cx&tions

within a stand. - | :

\ Aspects of several disc‘:’ipli;nés. includihg soil physics/hydrology, ﬁucrometeorolog)r. and

,plam water relations, were not investigated d.irectly but may be involvec‘i.as controls in the

'Hondo ecosystems and should be investigated. In addition, this research has gxanﬁned‘é small

number of ,Qlands representing only three forest types and has not }directiy considered ;my of

the aspen-'dominaled systeﬁls which cover most, of the Mixedwood Section ;—';rn the sand ridge

 areas near Hondo. aspen stands exist clo%e o most of the pine and spruce stand examined in

this study and may represent a similar gfadiépt in vegewation/soil/site fertility conditions. A

parallel study of 'these staﬁgs. which examined relaliqnships amongaspen-dominﬁed forest

t“ypés‘ivn conjunction with the present data on coniferotis/forespwould provide an

understanding of ecosystem s’iucture and functiom in forests occupying most upland sites in

the Hondb area, - o Lo

-
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