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_ '*'50113 under forage stands three, elght, 26, and 49 years-old were

“compared w#th nearby v1rg1n fo est 5011 at a Z*te near Wlnfleld,vf
E

15"]ﬂAlﬁerta (Canada) Cultlvatlt destroyed the H hor1zons and the o o

fbanded fabrlc of theﬂ "jcreatlng an Ap hor1zon w1th 5 matrlgtanlc

"1,'fabr1c sequence 1n all agrlcultural 501ls.; A tthk moder turf layer

"ﬁdevelOped w1th.t1me under forage. Bulk den51ty of the Ap horlzon

,,.r

fff;ncreased undez contlnuous forage. 5011 totaL‘Cy N, and blOmaSS were e
U ’..« _» : . PR i iy R N IR - :
”rleast 1n the forest A horlzons, and greatest‘ln,the Ap horlzon under 49

\ .‘.year Old forage. . Lo : ‘.'. o . 7. . ’.: S 1 ‘ :

Faunal populatlons were greatest anﬁ most?diverse fnfthe-foreSt.

least under the youngest forage stand. ,Meso and macrofaunal

‘:act1V1ty was 11m1ted almost exclu51vely to the turf layer under the -

“polder stands, and was domlnated by orlbatld mltes.ﬂ Enchytraelds were

]fpresent onlyfrnforganlc layers;<earthworms were~not,obeerved,ﬁ.f ﬁ:ﬂ"”J

Frequent craze planes, channels,;and aggrotubules were found ln_y»

‘f;the upper Ap horlzon of the B“year old forage stand A dense vughy
L. ,\.. L

;ﬂporphyrlc Ap horlzon, w1th verz £1ne root channels and few planar v01ds

'1;or aggrotubules,_develOped w1th tlme under COhtanOUS forage There;'fJ"

= e

:SQEWere no. v151ble sxgns of the format1on of a 51gn1f1can%
- ng(Chernozem-llke) mull hotlzon., IntroduCtion‘of-a continuous forageh*ﬂ'_;?
”',{stand has not 1nduced mull formlng blologlcal processes to replace the

'ﬂfphy51co-chem1cal leSSLVage processes charactenlstlc of the Gray

« o

'.Luv1solrc 501ls.- |
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}of ma:or soxl faunangroups (Adapted from

v?T plcal frequencxes of s01l aunal groups“'by biome
'(LDOO stof 1nd1V1dUals per m- ). Adapted from Petersen

e o “-and Luxton, rsaz Hole, 1981 Anderson et al -1984. u f '15”

a Typ1cal estlmates Gf blomass of Sdll faunal groups, by
_,'blome mg m- L) Adapted from Petersen and Luxton :

. 1982 Raw, 1967. :
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68

BLAI H°flz°” bulk'59551tyf(fu;-~¢) Calculated for the OCtober
3f“_l982 and: June.1983" proflle samples.’ Mean (%) standard
‘.dev1atron (sd), and number of samples (n) are . reported

o

;o 8T
o

.58L‘-f Horlzon H actrvlty (pH) me red in the October 1982
. - ;- and June 1983 profile samples’. .Mean pH, standard
N a‘g,_Hﬁ-deV1at10n (sd), ‘and number of samples (n) are reported : -
; by field.and horizon. - S R 75

L ]79}A Garbon content (%, mass basis) measured in the Octdber o
' 1982 and June 1983 proflle samples Mean.. (x), standard
deV1atlon (5d), and number of samples (n) are reported by

RN

fxeld and horlzon ’;. ) dm S -l';78:.“

@
f}'.f'f LO(_' Mean total carbon and nltrogen contents of sur%ace 5011
+ » © . ‘samples from. the October " 1984 sampllng for biomass: -

. determlnatlon Standard dev1at10ns -are in. parentheses ' 81"

‘Vf‘lI;jv Mean total carbon content (%, mass ba51s) of the
o] August 1983. rncremental surface. samples "Standard -

1982) LT N
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;‘-for the October 1982 ‘and June l983 proflle samples.‘ Mean '
) standard deviation {sd), and’ numﬂbr oE saMples (n) '
.are reported by ﬁleld and horlzon :

" ko’ 35cm depth

“letrogen content, mass ba51s (mg g ’l measurédfinftheff.:’"
»October 1982 and June 1983 proflle samples . Mean: (x)f

' P Description s

,Carbon content, 5011 volume ba51s (mg cm’ ) talculated 1‘(;-

.Mean total carb n and nltrOgen GOntents of the proflle f:t't‘zf
" samples .(mg‘cm.“) calculated for the October 198277 e A

and June 1983 proflle samples. . Mean (xf{and standard o
deviation” (sd) are reported for the . total organic: layers,
‘total. m1nera1 layers to 35cm depth, and total profxle

‘..90'_

‘standard deV1at10n (sd), and ' number of samples (n) are o

*jreported by field and horlzon :H T I LA : j‘94{ 3

care reporé%d by freld and horlzon l _‘ : L 96 -

17.

“18..

20. .

T2l

o '. _3 . . v:.
‘Nltrogen content, volume basis (mg cm- ) calculated_for; -

‘ “Carbon to nltrogen ratlos, calculated for the October
1982 and June 1983 profile’ samples Medn (%), ‘standard.

‘ deV1at10n {sd), and number of samples (n) are. reported by _

:fleld and horizon. o e RN 100

]

the October 4982 and. June,l983 proﬁlle ‘samples. Mean
(x), standard deV1at10n (sd), and number ot samples (ni"

-

n togal resplred carbonaand mlnerallzed nltrogen o
' "cm T soil), after fumigation of. the mineral samples ‘
Standard deV1atlons are’ 1n parentheses o : v'lOl
;a. - . - ‘

‘Mean ratios (%)\of mlneralizedncarbbn:and'nitrogenﬂof‘the'gw*»
fumigated‘samples total carbon and nitrogen respectively,

.and Eath oL mlnerallzed C:N to-total C:N. Standard .

:/deV1at10ns are 1ncluded 1n parenthese@ ' ‘ . 103 .

. b-Mean numbers of macrofauna and of taxanomlc groups found

*in hand sorted samples. Anlmals were found in the
organlc layers, or in the upper 50mm of mineral-soil . .
where organic layers were absent Standard d;vrah&ons

are in. parentheses. L . 106

.Mean numbers of m1croarthropods per‘core 1800mm 90mm

Loy, . . . e . . . o .

“depth), ‘by. group and field: Superscrlpts lnorcatF‘
ﬂ-51gn1f1cances across columns, by L.S.D., p 0.05.

Llst of the m1croarthropod specles ob\erved
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".25'd'fMean 5011 bulk densrty by erth, for each stand ?;‘~_* o V72 S

"’*3:h.: Mean 5011 act1VLty (pg by depth for each stand ~ ?i;»;;vllf

"fsf:[w Mean total 5011 carbon (mass bas1s) of 1ncrementa1 depth L

‘;6;; . Mean\total 5041 carbon 15011 volume bas1s) by depth,~.l. R

8. in“Mean total SQll nltroge

4’“ngstfbff§igures'f}f
Figure ff%:-th;;jf”~ff“‘ f. E»Descrlptlon
’ ) . ( Y .

9cat\3n map of the study area. Gleyed areas are I

N
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T. .. Mean tdtal‘501l nltrogen (mass ba31s) by depth, ';f R
“. . for each stand S ‘ : e

i v . . . . .
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:9{;_ Mean soil mlcroarthropod numbers per. core, bygorder, ton- N

“each’ stand '°Vert1cal bars show standard devxatlons.‘_p
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. : L L
Mean 5011 Acar1 numbers per core, by suborder, for each »ﬁ' TN f\\\
;stand Vertlcal bars show s@andard dev1at10ns. ' k
“L Mean soxl mlcroarthropod numbers per core, by stand
~each- sampllng date. Vertlcal bars ‘show " - “'w,
standard dev1at10ns.--'zu R S
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.. '_."'«n
for,' .
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totals‘lo 90 ‘mm- depth N LTI I Co

.




Descrlptlon ~

o 1. Scannlng electrOn mlcrographs of some” m1croarthroﬂ‘
o Ter 0 Tfrom the research 51te. T _.f;;_;-wn‘ : s

v
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W3 Thzn sectlons of 5011 surfage horxzons under forage stands\
[ . .

\5011 mlcrofabnrf‘features of the organlc layers
and the undlsturbed forest A horlzons..v . o

S ]5;i 8011 m1crofabr1c features of Ap horlzons under
Voo 3 year old and 49 year,old forage stands. fe
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o ;Q£4_‘-__
el only 15% of the prév_gce s, agrlcultural land, w1th l 6 mrlllon hectare R
,s.\_ . qg-.ﬁ?\’. ) . . ; . ;'"‘-"'-"

;'v 1n c&ltlvatlon (Bentley et. al., 1271 ThlS 1s not only betause of
"ffﬂ\fﬂ landscape and lwﬁrastructural 11m1tatlons, and a margrnal/d;owxng A
i . ) . ' cE
. season 1n most of the Gray LUVISOILC ZOne, but also because of lxmltlngﬂ
: i : . A R
<S0id characteriStics;r The leached Ae’ horxzon of Gray Luuxsols gresanws:‘“”
.‘\-_ . . ; N
RS the graln producer W1th 51gn151camt tllth related management problpm
' v O wl' .. - o
. ' The wea&(501l aggregates cannot-w1thstand the dlrect ampact of ra1n or
1ntéqfe cultlvatuon- puddlrng and crustlng are comﬂon A.low:nuurlenr:'{”"
. — R e ' ; ;
- ‘sEatus and llmlted bufférlng agalnst ac1dlfrcatyon lncrégse Lhe energy
1 v :

(o

-

-and Bt hO[lZ ns . of Gray LuV1solsw(How1tt and Pawluk, l985b) »Thh:.?;;

leltat;ons and a dense ‘B hquzon reduce crop y1€ldS..L:1_'>, f;i "}gl-;-'
s R RN ; CLET -
» N e : o

translocatlo .of.mlcaceous clays as well ds small amounts of Al Fe,

*

and organlc constltuents, fromfthe A to. Lhe B horrzon LS rhu domrnanl-
< l LI . . . 0 " v
pedogenlc ) ocess in a Gray BuV1sol ”he lack of a srrong granular
structute n the upper solum of é&ay'&uvrsols may be aLtrlPurm ro’ low
organlc mafter content, frequent leachlnq of soluble organxcs and ;
.. . - . . ' o o [ ) )
' }doblpidal material'to»lower,hogxzonsy‘little annualg;oot,turnover( and’
Ny L .-j.- . e B .i o T ‘» o o , M, ‘ . .
mlnlmal_.lgrgblﬁl and faunal‘actlvrty Ice rvns forna'rog durtng
perlods of fgeeze thaw rexnforce the wea plafy °rrucMJrn 1Poﬁ5r~'ann.,~
R v - . . - : . : v* — ; L
- . - - 3 ;; o ‘ _:\ vop,
' pawluk) 1985). < oy Ty
: .: &, * {v - R J.( F ‘: Ad
- = . > : .
: / o - _ < .
IR an R et L . St

1nvestment requlred for agrlculture on'these soxls,‘whrhe tlllh relate

P Les51vage processes are 1nstrumental 1n the development of Ohe A(




“ Luvisols. = . . ;_C[ﬂfd

‘4‘ . ,-“"‘ » , ’.a-.\.
-I‘“" & ’ \ : B -~ : ; ... ‘ﬂ E T
. Lo w -‘,,.y.
‘)_"._ _ Y .95:,'_‘
o e ) b ™
. . R P
w0 ) L . . v a - .
. . . " . 1 A - "" _‘.-, . .
' If One could 1mprove theasfructural tharacteristlcs E T AL ,
ST e SRR : LT p Lo
7»-hor1zon, the costs and r1sks of agrongmlc management of Gra& Luvlsolxﬁi'f
N 4 . -..,’;“t - g -2 LA v T S
: L A
"would be greatly redUced. A hlgh organxc matter&content and actlve yfn
) : 4 - ':.-" o S '
’Tmlcroblal and faunal populatlons are meortant to the ﬁormatlon of a
.. L - < n < L . PR
‘v:mull structur‘.',rn the Black Chernozems of Alberta these are ;
. S ; o < ey, * ub . wT

'Q]malntalned by a large root exudate productlon and anmﬁal root turnover vr,v{

'Barratt (1971) observed » substantlal regeneration of mull structure by .,

‘cont§puous grass srands én. deterlorated, cultlvated 501ls of Newv3*'

—— i : .ot . W el s
[ - . - .

ffZealandu' An 1nterest1ng questlon 1s,whether a contlnuous forage standﬂ
AT . o~ . . _.,_ 3 .

'.:iwrth the. development of a. protectlve turf layer and w1thout the

[N

.1nterrupt10ns of cult;vatren, mrght encourage mull formatlon 1n Gray

L . 3 : . . [ S X P R .

Y A e m ) e e
B TR AR

.

The conventlonal management system ror graln productlon ‘on- Gray L [

) .. . : : ) Tl X . )
LY I . .

'jLUV1sols 1nvolVes a graln/forage rotatlon.i At the Breton Plots a
. ~ ! . ‘.:""0 'i » . - ‘,‘ G
g;graln/forage rotatlon and the usg of farmyard manure on - a Gray Luv1sol L
. L . iy R e

has resulted in 1ncreased organxd matter and 5011 blomass, and 1nprovgd R
' S o K, . . . .

' -

ytllth characterist1¢s compared'with a grain/fallow rotation (McGLllng

.51.,=1936). However mull fabrld formatlon has been llmlth larg\iy,to.,ﬂ»

'-“aggrotubules (Pawluk, 1980) ‘Watrlgranlc components rormed by ..:~',,{-.f :
. : \ T e
. ,‘ by ‘ . . . - . .,"._:
'-tultxvatlon are unstable,'and readlly coalesce to’ form a vugny O
. porphyrlc fab[lC. ; : A': . ,:. - »‘/'; s L "o .‘ '.‘j: S .
‘f‘".) Lo '-f,'x“if_ < ,- o f;;””__fﬂ =
In the early l930's at about ‘the’ 1me Wyatt was establlshlng rhe '
Breton Plots (Robertson, 1979)r the Yate Lou Hendrlgan,wof W1nf1eld,kg7 s
= o L BT L i : ’ ’



"a

. was 111 su1ted ;o-hls LuV1soll§ soxl, an& thaL a: mamagement ‘hsLem thh ;f‘

v

Y

'cqntlnual 5011 cover was req!lred) ‘He establlshéd contlnuous Eoraqe~

/.

some of hxs fxelds

stands as the basls of a beef productlon system

et ‘ 5 ’ v S
i "halfecentury' The Hend?lgan fapm 1s w {1 su1ted to. Lhe study o& Lhe';_ir"

e e P ” s . e
.

e;y L effects of a contlnuous fo:age system n Gray Luvxsollc propertxes.

’ . v(;’ ’ .
: s;~to'compare'sdmélpibperties,df3a
’ . s ’

propertles of adjécent undlsturb forest soxl 2;;go,¢0mpapevsqma“- T
R ;) : L

. v [ T

". propertles of a Luvlsol undertconflnuous forage stands df Varylng ages

\" s . HE

3
-
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populatlons, as well‘as mlcnomorphology._; he-fobus_of the'study,rs'én*-‘-
: . o w,. S . .
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« A

1"
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o - .1+ .72 LWERATURE REVIEW

‘"2 l So11 Pertlllty ‘.y_ ) fl,‘ ¥

?2 l 1 Dlsparate Concepts .r;‘-ﬂ ij-.“,hf_yffi'.

A s1gn1f1cant dlsparlty ex1sts 1n the 501ent1f1c communlty,s

lt. : 3‘-concepts of so1l fertlllty* At a recent symp051um on Acarology,

G . _'. ) v -L . o .
':Purrlnl and Bukva (1984) made a statement whlch expreSSes a V1ew~held
':jby many soxl zoologlsts--t"Itxis”well known/that the'activityrof soil

o

'“»-arthropods 1n agrobrocenoses and forests largely determlnes the ;

'*}-fertlllty of 5011" Yet there was no mentlon of so;l arthrOpods 1n any fjpﬁ

v R . [ .*_
ot _I[soxl Sc1ence SOC1ety of Amerrcalf (Amerlcan 50c1ety of Agronomy, 1985)

2. -

\__(v'

h”1801l, a three dlmen51pnal body studled 1n spatlal unlts ranglng from ?ﬁfi

e .

: ;ﬁicublc m1crons to metres deep by thousands of square kllometres, 1t 1s

:7‘“1;.;f,not surpr1s1ng that in- the study of 5011 fertxllty, deflned by V1ets,

a ppf-(l977) aS'”..aall processes in. soxl that affect the avallablllty of
. A L o L . .

. Lhe plant one s approach may lead one to overempha51ze or to heglect

.__,pt,-t - : s' oo o

f". the role!of a glven group of actors.- _ ' .f,fv»‘ i
BRI _: , (- S ' ~} T S S -

In 1912 Slr John Russell observed Lhat,the study of

s ':‘\..5011 as a medlum for plant llfe... has grown up very

; 3g’v]” unsystematlcally ChemlsUs, botanlsts, bacterloloqlsts, _

S “geologrsts,'and agrlculturallsts ‘have all contrlbUted ;a<nf

. 11. ‘something, butfusually in oonnectlon Wth their. ;own. 'special-
C problems,'and not Wlth the idea of developlng a hew R
- }jf sub]ect.... Suggestlons thrOWn out by men (sxc) emlnent in { L
S O R T < : ;
EL P*-;See.ﬁotes_&t‘end;ofuchapter:-;,”“f:"z-fszz{' ”j ) .

‘. SN L S o ‘ - ’

'i - - . -

& A R o . : [

. f;leen the phy51cal, chemlcal blologlcal and ecologlcal complex1ty of f

’of the titles of papers presented at the 1985 Annual Meetlngs of thev ry:'

.'I‘Q

'{“l-essentlal and tox1c elements, (and) their transport from the s01l 1nro_:=:

o



;tT»some,other branch of 5c1ence have been atcepted WLLhOUt much
Y serious examlnatlon...,have acqulred thé force of. LSt&bllShed

'ffﬂf“,":facts .+ have come to “be believed for.nodbgtter reasonuthan'
AN :;,;Ghat people have talked a great deal abous&}hem.-.r .~¥4 T
fgﬁ{“*‘ In recent y rs, however, lts recognltaon as ‘a: basxs of
_'natlonal Wealth shas': glven the 5011 a-‘high’ degree of technlcal
f-1mportance.... (quqted rn Bradfleld 1961) ,-f-jef T
'\ R . De R I

Kevan, in hls IEVIGW pf the h;stdry of so;l zoology, observed L

H "". ;._ o . B . < - . '.

’(,1935),.' -_ B N T

i ‘ La sort of TEwo solltudes' attltude on the part of self sLyled
75'“,.3~] soil scientists on:the one hand, and of zoologxsts, on the " .-
. .7 other, seéms\to be traceable 'to.this pefiod: ‘The fgrmer, for ' .
Vit a-long .time, .Seldom, gaid attedtion to animals smaller ‘than ST e T
W . earthworms (which tney fgnored.if they could), whilgt the few — -
! : .!»zoo*oglsts who delgned to get their hands dirty were'
: oon51derably retarded in: Lhelr recdgnltlon of Lhe pedologlcal

; oSLgnlflcance of rhe 5011 fauna.,» N

The "801L SCLence" V%ew .rf'n - nf:

1ij‘:‘ The development of the SQ;l,SClence Soc1ety of Amerlca s approacn~‘
. feo, Lot " . .
.. ) ~ \ .
'\;\.,to sori fertlllty, Wthh has aomxnated 5011 s%hence n the western

I. R .. \<_~ £y .

wdé{d 1s well documented 1n addressesﬁcomnkmoratlng the 25th
;hfihf:,f.annlve}ser of the Soc1ety (solb Sc1. Soe,‘Am Proc 1964) and‘the_ o
[, LA . : . L e
‘Amerlcag b16§ntenn1a:‘(501l Sci: soc. hahrfﬁ;, 1977) »\TQS eohnrgalv'.” '
“Hffﬂ7; bles observed;by RUSseli Was more proJounceo in Amerlca,‘mherelsorl
A '?tsqlence dld not reallyfﬁevelopvfntll 5011 degradatlon and Lhe lrmlrseot
exgl;mtable and Eertlle new lan&vvielr«e experrenced‘.rn the ~arly 1900' % f
AN § 3 . ‘, . R

;f' and espec1ally 1n the "dlrty rhxrrlee qulogg 41961) saw 'he

%:B‘&' -

;enormous 1ncsease 1n fertLllzer use and ;mproved so1l manaqcment N

A oy
L

-,'pracrices-as\the major achievement of soil sc!ente co 196;; Observfno L

- -
> . .

'_;f:, .f*thé llmlted appllcabilxty of ryplcally blLe spec1f1c fe rtllxry-5~ L

“Jffytrese ch, Bradfleld set’ as a. goal the 1dent1f1cat‘on og(critioeé .v:fhfh 7




'..parameters and the development of a set of equatlons" Lo eff1c1ently
o;}and accurately dlagnose the fertllrty status of any spec1f1c so 1'

'system, and to eluc1date how to best rectlfy any defLC1enc1es.

":Bradfxeld s reVLew, and concluded ivdg:ff!@ﬁ‘v“‘

”f-agg_ioreSt_management”n'and%"other-examples'(thch)'will occurftp mast

.'of yoU" as neglected fields or lightly treated issues.

-crop

Vlets

?_‘[(1977) reV1ewed rhe progress of research on "how plants feed" slnce

s#iﬂFrom all Ehls theory have ‘come better explanatlons for what

L We do, even thqugh we’ do hot or cannot measure many of the
- cr1t1calqparameters needed to- put them Lo ‘uUse .on: a fleld by—
’.ﬁ?"lfleld ba51s in a truly sc1ent1f1c agrlculture, S

”'x801l Fertlllty frequently 1s Seen to be "g the hlghest

'f’development of sogl sc1ence bUllt upon the 1nformatlon supplied

-

:p;zoology, 1n the Amerlcan SOC1ety’s llterature 5 Kellogg (1961) dld not

[N

*';eVen ex 11c1t1y recognlze zoology as one of ‘the f1e1ds neglected by Lhe

'y} wheh he statgd that some 1mportant ba51c research appears to-

t_some to falI out51de of our 50c1eLy then_mentloned\"s01l

appllcatlons of 3011 sc1ence to hortxculture and to problems of range

o
- . -

Tt S

L

Mlcroblology generally lS lncluded 1n 1xsts of dlsc1p11nes AL
: i 1 : PRI

A?-ﬁsessentlal to 5011 ﬁerllllty, commpnly for the role of m1croorqanlsms 1n

M

......

.

'31fl961) Such llsts of foundatlonal flelds rarely 1f ever lnclude 5011 5

. '.\ .

'__.englneerlng ‘ common problems bétWeen 5011 sc1ence and geology P

[ .

e

,"fby;;,( 5011 physxcs, chemlstry, mlcroblology and pedology (Bradfleld;.;glfxy
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. a

?.economically??; but rathér'"Wh t are Lhe factors whlch resulL“Ln thie ?f

Y

L of water dyﬁamlcs, root grOWth freeze thaw cycles, anﬁ ultrvarxon.‘
By the m1d seventies, the stgdy of 5011 aqqgegatxon qenerally had bee
: [

:rglven over to . 3011 phy51c15ts (Clark, 977) ' “i:.s_?_ﬁ  ¥:i“: ;?‘

: ecosystem’", or more exp11c1tly "what is the role of Lhe fauna xn 1hoA

"; ¢.Vuntomologlsts, as ‘a- genera'

VA‘tha wthe observed effects as llkLlV are oaused by the ohvsiﬁal_tolbes tp:,ﬂ

P4
. .._" -

2 1 3 The” "3011 Zoology Vlew ’ T ST

o
The 5011 zoologlst, When addreSang the questron ot sorL\

ot

feitrl;ty,f1s_not,so‘muchjask1ng How can;;/maké rhls sorl,_wrth\rhusuf ke
& y SR Nt
glven fernlllty‘:harasterlstlc gggpodjéefmaximum crop”vields most ‘\

-

fertlllyy status of. a 5011 in a glven (natural°or'61sturbed) ' : *i

»

‘\. : . - '~_; : : . : - v

developmentaof the fertrllty status of sofi'l in a g,i-ven_ 'eco'sxstem?". B
P " N - .

.»».Lv._. .4.,_ ey '\ ) v

~ ‘ . - . . e : e [ Y
i . IS - . R L Ll s A \
. : . 1 : ' ' : . \

Interest in the role of fauna 1n 5011 formatlon has deuglopnd : ﬁ%f
i T o _

RN

: slowly SOme reseaxchers 1n the nlneteenth centurv, includmng Darwin,‘ .

. o . - ,
Muller; and Keller, observed a faunal rol@ however it was no' %BykiFA

Lhe 1@50 S, that the study of sorl zoology emerged as a dl"C pl nw.'lln, »,'{

.
-

1958 Kevan wrote » f_;x.,

.‘°‘ '

rulﬂ” have chrefly an“SrIQu'“d L
larger soil 1nsects~~ma1n1y roose whose mature stages’ occur :i"»f:E'T?

“y above ground or ‘whose’ larvae age: ot direct economic Lo gl

ICTI

‘,,‘1mportance—-so that 1nvesrlgatlons have, txll recenvl/J ovnn v )
' » somewhat plecemeal _ 4 . e . N T
: SN, Sl e s 0 ' T R T

IEad

Since/the.fifties theré has been an enOrmous increase if srugies .

.0 . . . . [ e . . .

of the role of'soil-fahnafih’oréﬁﬁio'mat er . decomposrtlon and- ,oii

ﬁormatioh. Untll recently thxs work ge'era%&y has gon dnhgticéd}yy.




l“soilﬂsciencélr And as tne Blologacal Survey of Canada (’982 noted;« Cu
T \\ SRR - g ] \ . . T "—_'

&§$;_a _YW.,Pnowledge of soxl arthropods in Canada 15 strlk*ngly defrc1ent ‘f'j T
R . . -o s R . - . T C Cw et
B S . . S : co ey

A e \,\-

?fewer rhan half of our estlmated 18, 000 or more specxes have been

\\ e
descrrbed evenuinythe‘adult'stage;"

L. -
s . e - - b o - o - o o - o v
- Lt v BN B B . et . Lo . : X : . X S 3

Ar-e,'y,.< Two factors probably have been most lnstrumental in. the ¢ KN e

S T . - ' .
< N .

development of the notlon of al role for 011 fauna in ‘the fertlllry of“-

'.the‘soil F1rstj1s the obser%atlon, by Muller and later deyeloped‘ y ’\v
" . . o N : . . ¢ e N
N '*g Kublena,,of the role oﬁ fauna 1n'"humusform formation; Most'lmportant’ .

Lo ’ i ,.’..\. . k4 . Fo -\ . ) - N
wfﬁﬁ”{ ﬁﬁ the dramatlc (albext geographlcally 11m1ted)‘example of thé major 'ff':le\

_,. role Qf somé §pec1es of , 'h orms 1n Lhe\formatlon of the spongy mull ‘
;?.i,ﬁ .‘fabrlc so xmportant\to the, 111ty of many 501ls. Second 1s the “b A
o t o ." LI - & ‘: oy . Afl 3 : AT ‘\

':obserdatxon that large énd leé se-faunalmpopuhpt;ons are found under

-.',.""‘r‘_'l-.l l‘l_,

8 yi;“i_the most prpduetlve and stable planlw o unrt1es.» Organlsms are 5_”1e3::ﬁ”

- g PN
. Y . P , T S CEI I . N -3 . . . T
“ AR l ' u . e ,{ A . . e

SRR lnterdependent, and‘modrfy bhElr eQV1ronment ﬁto'get the best‘lpv1ng _ -

3 ’ - Ly L] M . Y ~,'_ . T N R . ) VI
T ;, Y UL I P R TR P
. (Jacks,v R S < L A
D e ’ ' s ' : '

\ . . . K] \,‘ L . _\: L
Q'complex Ejplety of the soxl‘ﬂ%annot) g?lst in equlilbrlum SRR R
s .- unless acompromise, ‘which” ‘satisfies no. individual ot species . % o

w,<wij¢j : =completely, can be establlshed betWeen the’ confllctlng L e
N lnterests of - the soc1ety Sy .H-~»_g»~” : : A

. ,'_," PR A

N Is isg" commonly agreed that the so-¢ *&ed cllmax p&antr_
t“assocﬁatron with its. assoc1ate& fauna..,rls the social. L.
R .ff°fqan1sm Wthh makes Lhe fullest use: of the env1ronment the-?T
7:;2ﬂh.'%l‘f‘ plants and anlmals havé maderthe.. best posslble 11v1ng : '
o "f.condltlons for. themselves, and the' product1v1ty of ‘the 5011 T
,.fls then the hlghest p0531ble under. the prevalllng condltlons b

: » uﬁ(sacksx 1963) pe e oL coe L O
RS ,.":,. N T :~-:T" _ : : Lx »’n “t

\*\. [ RS

-

vThese ecologlcal pr1nc1ples suggest Lhe ex1srence of roles for the

N fauna ln the overall fertxllty of the 5011 w1thout suggestlng what

. *f“_those-roles mayfbe.- Several have’been proposed, promotediand , ,-~b'j.f‘fht

~ [ - L A~ ‘\ R [ - Lo . . - . o

B ., o




A . ‘.‘. . . g

wT . RS | .
* Tl e ¢

; The, fduna ‘are not the primary decomposers ?

=total féﬁnalsresbifation usually:aoCounts:for léSé.thantfiveﬂpé€¢“”V of .o
. C e : . . ,‘_“.,1 v : o
tgtal decomp051t10n resplfatlon (Petersen and Luxton,_l982) aithropod'

.x‘ . i

resplratlon may be less than ene p( cent (Crossley, l9l7a), or. =yen'
_ 0 l% of tne total whileiarthropods may representszs%_of,the-totoi-
-~ e ' RN A . )

\\\a ‘ decomposer blomass (Wallwork,,1983) 'The‘féuna are-not atméjot'i

Lo Y ) , B _"i'r R G

o e material,_aﬁjimilationurates are often mery low+'503that the excreia

L. e -

”n”f,iﬂateIChemiCeﬁ}yLl¢ttle dlfferent from the orlglnal matorlal vGLéménts,

(XA

(1978) showed that the.chemlcal removal of Lhe total fauna (above Andx v-l\if

e

below ground) led to- a nine to a0 . 1ncrease lnrerop yleldo Ln exgh‘
. R l ~
3 . . . . \,

rgely because oﬁ the removal of plant LOR umers)g

‘. R -

Dué to the gneat hete:oqeneltj of oo/} ecosystema Ln Lhe world,;xvj
TN anutgeneggl statements about thﬁ’"bie of soxl fauna ort: ot d ”pHQJfL
S , X _ . -

ﬁaunallgroup yé(soxl fertlllty must be 1nterpreted relarlue Lo 1

N ~

’system under consxderatlon Neglect of thls pr1nc1ple cah luad

- ’ o e

. . . . . .
B

a

’confu51on SE ofﬂnWa[fanted conclusions;; Lebrun's (1979) as erﬁions

(% A . R -

R that éaprpphag',s mltes are- responsxble fo: rhe lndlvpenaablo provr~* -

VR of antlphotosynthe51s and'that "ib is Qlear rnat mites plu/ an
. . essentlai parb 1n the blOlOgl(3l ferrxlzv/ of z*e 5011" ma/ (or mu/
s - . R S : . s
: o » A . : .
e A,:*not}‘be Etue-of "the3classic moggl of afdec;duous ,Qr@StfpublisL@d bz
L Duv1gneaud“ they'may nOt‘be-trUe Of‘énneanihw01m~dominatﬁdzdhci@UUUS
! forest, of an arctxc tundra‘501l, or of a tultLVatga Gca/ fuvveol
. B IR R . - , . v< o v\.‘ \;\ R . {‘ L W W -
Alberta- o e R L ; o * (_'\“ \\} o RO ) * l
B . N ] J - ~ , . h
. '-'_ g ) - ‘ 'v‘.:' \ R .




2 l 4 Toward a Synthe51s A . ‘K(T.-_ﬁi }l‘_;ﬁwl

The role of the fauna 1n 3011 fértlllty 1$‘vfa thelr roles ln

3' ' SN B Sad

"'. decom9051t10n and 1n 5011 structural modlflcatlons bothﬁof theseJare?*

. B
y L

« aspects of the development of the'"humusform (Kublena, 1955 1,7

Cr

.1982).' Bal (1982) con51dered 5011 fertlllty ( an estlmatlon of the - vff“:

'.g‘su1tab111ty of a 51te fo: narural or agrlcult ral plants") to be
composed of an extr1nsxc component (cllmate,'etc ). and an.ﬂntr1n51c S .
component,.which he called the'fbuffer[capae;ty_ ‘He deflned buffer

.
L

Y - . PR

- capac1ty as.‘

~

ﬂ....an 1ntr1n51c parameter of the 5011 lndlcatlng the o
absolute amount of mineral resources 1nclud1ng the rate.of ;“;"j-f;;_
hal 'thEIE telease into: an _available. form tor plants, amoint of SRR
ST aVallable whltiet (capac1ty), capability of ‘draining. sirplus. of

, O . surface water, air- permeabllxty, eta. . The compound buffer

LT Jw'_.f"j(capac1ty is" thus composed of" 51ngle values of chemlcal and-

B o phy51cal characterlstlcs.. . ‘Buffer’ capac1ty 1s ‘dot a ::-.u._é
constant parameter,,as 1t may depend on the way 1n Wthh a
‘soil 1s used. TP o : R . :

“;f*Usuallyk

forms Wi 1982)

,- . a. .
’ .

do not havéfb hlgh buffer capa01ty. Others are marglnal humusforms

351ly changed ' fpﬂyfﬂﬂ g ﬁif‘gl';f'f fﬂ'”-?fiﬁfi_', o
Cd Lhrough the Lntroductlon of another vegetatlon of’ small : o
L ‘ecologlcal teratlonsri As opposed o - marglnal forms,. ih ;': Y
[T ”'stable £ s the vegetatlon ls.n_t dec151ve .at. short not ce L
S ~ﬁi;" (Bal l982)-~ : e ‘“T&; L

~V"". . . . _._-



,Vprquctlve plant communlty mlthout s1gn1£1cant loss ot produtLLVLL\

‘-

. S, L - s S
w1th lee Characterlst;c of fertlle 50115 is a dlverse a‘..actrvevA.T-u
"‘c_mlcrqblal and faunal.communlty, and a Te51lrent mxcrostrutture'ot oi ‘a
“complexed organlc and m1neral components,‘rlch *in nutrlents morsture'
holdlng capac1ty and por051ty -i > o | ‘ t,-;
2.2. 1',bi-vei’s'-'i‘£'y';7' e - |
’ : & 2 I N e s

The 5011 fauna dre a dlverse %roup of organrsms ,cOnsidering\pnly.

. .*: t". ';

,the 1nvertebrates, the group may lndﬁude as many as:. one mlllron

.
- °

8

ffof mllllmetres 1n length, WLtd.‘nleldUal body welghts ranglng over. Slx

‘orders.of magnrtude. _ he phyla represented 1nclud$ Protozoa,

A ..-‘ S (9

f“Platyhelmlnthes, Rotatorla (or rotlfera), Nematoda, Nematerlﬁ%?

W.,ane on the order of hundreds of mllIlons of Protozoa, several mlltlons

L. ‘of nematodes, tens of thousands to hundreds of thousands of arrhropod

i especxally 1n SLUdléS of faunal roles 1n decomp051t1bn and ‘murrient
° ]

‘and.several thou%an.

' e K

f
.
;c. .

-

j tens of thousands of annelxds, erh blomdb

'\ .. L o

SKg ) on: the order of 10,_10, 10 and 2 40, respecrlvvly Vrllﬂerw .

: : R S T e NI S :
There is no'simpre, o}Oadly useful way to CIaSSify_sofi.f&una.

Grcaplng the fauna bj feedrng type is conceptually at\ratrrve

- ‘ v

. 4

”~

spec1es, from the 51ng1e~celled aquatlc Protozoa tqmorganlsms hundteds"

Y e

‘Nematomorpha, Tardlgrada, Mollusca, Onychophora, Annelrda, and"qk

Arthropoda Numbers of bnlelduals per square meLre of 5011 tommonlym )

4 : : , PRSI R
l973 Hole?319§L;'Petersen and"&uxton{-§;82) S P



'uévcling; In.gractxce however, the rask of separatrng and auant;rylng

‘jfungal and bacte 1al‘feeders, and degrltus feeders- many 1nd1v1dual

:fmesofgana may coreespOndww1Lh the dlStlnCtlon betweeﬂ %gxt“;b

"jmburrow and those Wthh are llm!ted.to avallable pore sé!z‘“

"jfcategorlcal dlfference between burrow1ng 1n? '
L ’ ) . Sl e S 8

~in orqanic material.- ’.h' S .

e
4 .
o

° =

. V.

7'members %f drfferent feedlng groupgvls dlfflcult even when the feedrngi

<

','types are known.n Many of the sorl arthropods have not yet been

A \

descrlbed feedlng prefeﬁgnpes are known for relaulvely few spec1es@

The Prostlgmata (a sub order of the order Acarlna) 1ncludes predators,»

- e
a Vo ~

5hspec1es of acar1 vary therr feedlng habr_s seasonally (Anderson,: e

.6 ]
- - - ..

:‘;.1973%) Some 1nsects have,dramatlcally dlfferent feeding hablts in~

n‘. . ,'.

';‘l"di_ff-‘eren‘t, "lfife__"s'tages: '_‘ ) _‘ - ‘?’ S -‘ | “ S " - o ';.:

. w - . L - . .
- . —

- . : . -' . _— oo ) .:\‘\___4

\ - . EN to.
Cla531f1cat10ns based on 51ze or act1V1ty areglrmited\\y . /,rn
0 : * KA :

generallty or arbltrarlness.; A useful dlStlnCthn 1s that between. ‘;;;:

N \’ : e,

lfaquatlc, or hydrophllous forms (requlrlng at’ least a cap1llary fhlm of\\

"fwater for 1ocomotlon) and aEIOphllOUS forms (able to traverse

’ PR 7

airzfilled'cavﬁtiesj; ThlS approxxa?tes a dLStlnCthn between

ol u-.\'. - . B
o m1crofaunal amd mesofaunal classes, provroed one does not strlctgy

ol . LT . . .- - . e ———

‘.L. : : o %

vdeflne the 51ze dellneatlon nematodes may be mesofaunal by 51ze buL-

ﬁquatlc by hablt.. Slmllarlly, a dlStlnCthn between macrofauna and qu'

N

N - EIY]

p—— L e . . ‘»'_"7-.9. ': . U 3.

ce

'obs-ér"ve.d".chann'e'l l‘in'q,in;_'._thef.'soil_,"A(Haa«rf-l'dv, 1960) Al’-so'-‘t‘h'er-e~_i,s a.

v

fneral sorl and burrow1nc
[ -

o

‘» B

fedrstrnctlon does not hold rlgorously ask collembola and mltes have been"*"



FET levels*of classlfxcatlon the number of taxonomrc groups quxckly becomes ;A

‘7fb-1mpogtan; groups) Wallwork lsted lDl (1n Kuhnelt, 1961), Holp (1981)

. e <00N R ' : . * .
T, T S
B & y e R : -
A "y : : i
N _ . s
C ‘»\ . . -~9: K oL
At the phylum level qulLe dlfferent organxsms are grouped Logether hehllnf;"
L ”' - s .u_ . . P . R . } 0‘" . -
i Arth&opoda 1ncludes aquatlc mlcrofaunal Ostracoda and Copepoda gnd '
. L e = -_ﬂ,‘:".;: . . . .l \ . . f /
. - ’ .
macro?%unal Insecta and Myrlapoda. ssnchytzaexds have quLefdlffBrenL
- . . \ [N o
_ effects in, 5011 develdpment than have lumbrlcxd olxgochaeta.. kt?lower;f“7

unmanageable. A bax0nom1c based g{oup1ng Wthh 1s not restrleﬂxd LD a.

N , - . \ . 3 B _. e
7 o
L partlcular level of cla551£1cat10n, but conSLders lower levels only as
requiredvbyAfaunal numbegs or.gtoup;compleXLty,‘can1beuusefulwandu_. v ;b'1_
) R . - [ A H. -.‘\ - . . o

manageable (Table 14 ,-In thlS way, Kuhnelt (1961) 11sLed 68 dstunL1,

N . N

" 50, and Bgtersen andybuxton (1982) 49_groups;'-l.;b B “v ‘ .
S -4 N Code e oo Sen
. L . - - R . K @: s B ~ ‘.” FA K - ‘. ' .
v2,2.2 Dis;ribution'--_. ' ( . 'v\‘ Lo D e .i-;'-?gvv .
_ [ Typlcal frequentles of soil aunal groups by: blome areashown inf.~_
A S T /"j‘ : \R"'* ’ T?
Table 2; The llterature 1s fraught w1th w1dely dlvbrgent populaLlonf‘_“, Sy
- s i . e ‘ -'} I I
numbers fdr 51m11as blomes, as’ much due uo sampllng,,extracr on and . TNt N
: : ' are . SN
countlng methods as,eo the hlgh varlabllle of popularuon sxzes “ " \
. ) " .
e General trenas have been emergxng' however, and rne rev10w b/ PQ'H(QPH ) \\\
- ‘\.‘ ~ N ?:: . ) . . - - o0 . .
. and Luxton (1982) is_ he best cregant summary of rhé&se, \“-' e ﬁ.fn L
Ta ' , ,. . ._ . " B " I k)." @ - ""‘ ‘ ‘ v~.. ol .. Lo .
'3n_Smaligr_dréanisms generally are'present'in much-)arger numbers ' B
».;han are the larget{species, while on a biomass ‘basis the larger .
. N - . '. v ,";.A . g . s ~ . .
[ Coa "", ,'v‘ - i e . ) . \ ‘ o ;1 . K
’species may‘be dominant. :In_their scudy of,.the artnropods and Aoe e T
e B
'-'?o olygochaetes of a SWedlsh grassland,- _ SSOnﬂaﬁh'Luhm (19771'f0un0>a AR
tocal of 247 000 1ndLv1duals m 2 Qollembola and Acarl,made up 875 of .
_ Tthis‘botalq but less than 13% of *he total bxomass » Tyggcal bxdmuss-‘e‘h oo
R T A
B ’ \ RN N



o

e

7_”Acarl,

/
T Dlplura

- Thysanura

. sGatropoda

léHl

TR summa(y of ma]or 5011 faunal groups.; (Ada’}ed from Hol

,,Pete:sen and buxton, vﬁ.‘pt.i

1982):'}": ,,

W

.

Body length
*(mm.'approx ) ﬁ;'vr

ﬂ\ R

A

&bmmon focd sources (hablts)

-

«

O
.‘k
.

“Protozoa

E © N

_Turbéllafia-ﬁ “ffu:',§j3-~’
*-Rotifera I T

Tard&grada
Nematoda,
0r1bale1
STy 'j“Gamas;dav _
s Actinedidaff
Dol Acarldlda
COllembola _
Protura. - L

o

Pauropoda'an
’Isopoda“f

gEnchmtraexdae
Earthworms'

f.Arachnomorpha
LlepLopoda‘ '
-AﬂChllOPOda

“ ‘Diptera

(larvae) '5’
Lepidoptera tlarvael

Coleoptera

’3Form1c01dea “»54"_7“

Isoptera PN

;o;efi”

'lo 30+

Y <5-10+

(predaceous)

- (ommVorous)

. itter, .
20 _".~
10+ -

10-100+. - lltLer,
S5k -'; (predacedhs)

5 “litter,’ mlcroflora

30+
“2-20+

- (ptedaceous)
{llLLer,;

- litter,
slicter,

. plant;s,

3= 2.+i'
5~10+ -

B‘a';ff mlcrofauna, algae,.bacterla
.05 7 microfauna).algae, bacteria, libter
BT mlcrofauua,\algag, bactetla,vlltterf
D mlcrofauna, algae, bacterla,
.6 - litter, micrdflor e
- » mlcro/mesqﬁauna,vn1croflora,

e

plants, fungl,
planl'toors

fungi,
.fungl,

,.,,,.

debcltus( mlcroflora, roots

mlcroflora

laan, llLter; fungl

lltter, ‘detritus, mycel1a
mlcroflora

.

.

roots,

fungl, bacterla, algae, mlcrofaz;a,ﬂ

detgltus- SOome.are autotrophs N

lltterv'f‘

llILen_

|

v S
ltrer-,a,;»ﬁ'

- (predacequs), microflora,. detrltus

N lltrer, microflora.. '%ﬂﬁ‘ ‘

L lltter,,bacterla,‘fungl m&
detr1tus,‘mycorrhiza

.,'.‘,--

(pfédadeousl{'

(predacoous)
(predaceous) :

: L plants; lltter,.fungx R \__ .
‘Hemjprerad "“‘QélOﬂ,’  plants, fungi, (predaceous) .~
ﬁ?Other 1nsecta T R e L e TR
f‘w : - T ‘ lxﬁxg" ‘ : —

I -
.
»
4
. t
SR
-
.
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- .‘,

B estimates are. listedfin“TabIe53‘:‘The larger organxsms haxe a lower-"

.: resplratxon rate~per unlt body gelght than the smallertlnd1v1duals.'ﬁ_'Z;“

W .“ N . v,
; S ,

)bersson and Luhm estlmabed‘the Lumbr1c1dae represenged 56% of thg total

' R ERERI ‘,t‘ - ",; fﬁ;. “'w s'-r:
consxdered e .‘_-fr J'Q*I."z"' ERE u'm’gff:.;1.l

Harsh enV1ronments, for examble the tundra_

R -
~

51tes, tend to be'domlnated by 5Enehytraéﬁds, Collembola and/or Dlpterﬁ
.-LJ PO -’ ' ,' Do -

lagvae, wh11e orrbatld m1tes oA earthworms tend to domlnate more -;tf’;7':”

iy _ L , "
protected ana stable enV1ronments. Temperate grasslands are domlnateda

J
.

'.-by nematodes and. enchytrae1ds, or by earthWorms.A Forest mulls usuallleﬂ

B R S W L SRR

are eartpWOrm domlnated, whlle moders axe domlnated by or;ogxld mltesp

colyembola, and enchftrae!ds.u Elghty to~95% of the mlcroarthropods of S

most SOllS are Acar1 and ColLembola, W1th Acar1 &sually outnumberlng

o a2 - e .‘o

AR 5 . C
Collembola 1n mor and moder 50115, but numberlng apout equal 1n ',ﬁS“;fu

i grasslaﬁds.: Of the Acarl the. Orlbatel are mgst common, espec1ally in: T}}.nﬂf7;

\ ’ o : . L
c0n1ferpus forests (C&?Ty and Ganley, 1977 Persson and Luhm, 1977)

R I . . e / N ‘ : : . . L . K .
P . . : . A > . . .

-4
‘Tempeﬁate 50115 have larger faunal blomasses than elther arctlc Qr

fﬂtroplcal bxomes. Faunal blomass is not/related tg_annual lltter fallw

l}but lLtter acoumulatlon 1s negatlvely related to total faunal blomass,

l . ~ S

Wthh means there 1s a 90s1t1ve correlatxon between decomposztlon rate:,

~<,‘ . . ‘

\hd faunal blomass (Petersen and Luxton, 1982) 5 S L
' P _g;, I v."ﬂ;-jupu SRR

The zoogeographlc dlstrlbUtlon&of 5011 fauna is related to thef-‘t”

taxonomlc level Of’the group belng COnSlde[8d, thelr ease.of dlspersal,.*'”'
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o‘ﬁ%nd individualeiZe;‘ Smaller organhgns are more cosmopolltan than

. o ; .
e larger specres., Whlle many specxes are not eurytoplc, orders and
S fam111es~are much more so (Anderson, 1977) ‘,‘.\;» .

o B P
juﬂChemlcal factors such as;ﬁ{and sag1n1ty also Wlll 1nfluence the f?;,,‘v
,;]structure of the 5011 commdhlty (Morency, 1980)\ Each taxon Of !'d_,j‘jv' .55?

- 5ﬂorganlsms has ats own optlmum range for each of these parameceré as'
4 ”ffgliuslow arthrOpod deveIOpment)rates (Bloszyk et al, 1984)., Enchytraelds
L "-ﬂ . \‘*’-.' el om T . ; - ....
'are hldrly susceptlble ) de51ccatlon, but less bothered by low
. \temperatures or ac1drc 50115 than are most earthworm speC1es yhlch can,»
o .Qavdkg deslccation by burroylng to depth fIn a study of northern;,". ~11
dEuropean grasslands, Curry 41978) found acarine communltles to be _:[ S
récorrelated to orgaplc matter,.morsture,\and base status characterlstlcs ‘
_ _‘H:A*W*\ - .. RN e v""' . NwiJ;
SR of 30115, whlle Collembola spe. -eurytoﬁﬁc"ﬁ'In a simliar study e
' L . : 5 . "' A LW e s R
- EOE the mlcroarthrooods dWelllng 1n nhe mosses on a forest rock,. BN
e : A . : . A e el n&f [P
o humldrty and temperature were found toabellmpoﬁﬁant factousﬂ§n '
K . " ; \-; . A“'\‘ : .'. . : .' . g
o communlty strUCture (Bonnet et al, 19754

Lo ackivat v_ulnclud1ng resplratlon. lngestlon, a531m11at1bn, egest}p
C e s _ S .
S e e T T T ,‘:,- 2



e

v e

growth and secondary prbduétion,'andtsurVEVal;f Ceratozetes qrac111s
3 R e S
development takes 36 weeks at lSC @nd 19 weeks at 20C,_under laboratory';:lnng"

condltlons.ﬁ Resplratlon QlQ values are 2 8- 4 O ;td\growth rate QlO* ;;ﬁd" N

values are 3 4 q. for some orlbatld-specles.‘ Temperature alsb affects o
7. L L R _ : .

potentlal transplratlon rates, and mlcroblay populatlon dynamlcs,
R F'va : EFSERE SRR oo R

thereby affectlng de51ccat10n potentzal and food avallabLllty

(Mltchell, 1979) R ;'1 e S 'fi”g

’o i:.w: A . ::_'_|:~:~:ag SRR 5','3; ﬂ-*,. .

Factoms sucﬂphs base status and soluble nutrlents are

R

faunal populatlons indlrectly, v1a thelr 1nf1ugmce on: Eloral and

.

mlcroflorgﬁ populatlons., Food avaz}ablllty 1s a major factor lﬂh

o

determlnlng faunal populatxon 31ze.v Fowgst clearcuttlng results 1n aﬁ

'v

4"(séas£édﬁ; 1984)

;H't 7Qa;iability} S . J L  v f,?Q;f.fL;).

S R 2 : i P

o

";Seaéonallfiuctuarionsfinjsgil‘faunal,popuiac}on sizes are related

1




P

. 'to ‘temperature, Moisture and ,.lji'tt‘e,;'.'—'?.rod;&;tidnl;t\-.';’ehds.‘~,.’;Th'e'fde'g__reé- ot o
'7.r{; *,quctuation depends'on"the-biome'and the:faunal‘taﬂbn{éonsideoed,:fInf“

savannas, most faunal groups have hlgh seasonal pOpulatlon L
5'w- fluctuatlons, up to 100 fold In'gorested;bromes,the:ﬁluqtuatlons_asﬁ ~'“;=*.,.

~ l‘ss than in non-wooded syste in-similar‘climatie.zones.f in4\'fih4;f

. . X - : . . PRI |

fluctuate more than acarlne (u o 25 Eold VS. 51x bo ten fold) u“a'"'

» : . B i an

"}ﬂ Blologlcal developmentfoften 13'éorkeiated5to seasonal ohangeSZH,‘3 £

For exampie low temperature may slow growth, Whlle egg'hatchlng and N T“'ﬂ'

. - . . .

.,,The vertlcal dlstrlbutlon of 5011 fauna 1s related to 5011
",;"' horlzonatlon. ‘Most: fauna are found 1n the upper few centlmetres ‘ 5
mé’t 50115 QPetersen,and Luxton, 1982), where food supplles are'-"
. T abundant and por051ty 1s greatest.; Deep burroW1n?.an1mals use: thlS

a_"f,i‘ act1V1ty as- a strategy for %N01dlng of de51ccatlon, temperature

-‘ LN e

| v o “ : L
-extremes or predators. Non- burrowing fauna are llmlted by 5011 pore ;~”

: :};:W. s1;e. An often obseived pdgftlve correlatlon between pore and 1nsect

: -
" -

(ESpGCLalby colLembolan) 51ze dlstrlbutlons w1th1n a SOll‘)s beks:fe of. '5'

.._, . %
o, .

the competltlve benefxts and. predatlon avordancé,gssocxateﬁ“w1th §uch a

dlstrlbutlon {Raw, 1967 MacFadyen, 1959) 'f.ﬁgrr;- ;.' ~ S d’f | ‘f} 
v o o sy S e



e

-

Lpheromones are 1nvolve8\ T e;&dtxvxty:may_be to optimize use of
-noneevenly“diSEributed~food tesourées;~mo;stote‘cenditlons,sand,g"

‘_fbreedingfand.oVerwinte{ing:sitesv(Notton}'l9$S);x

SllVeStrlS over Quefcus robur, in a,mixed Eorest'sidg OflbdtCl

generally aggregate around tree trunks, whlld some Follembolan

. " . : ‘l'
A « 0 [ : |
. : P ’
e . ~ "
. . : -
v .
s .
. . 1y
“ : .
. ‘ - o an

et . N ¥ . . |

r.

1938) Thls\gregarlous hablt of collembola is not related‘prlmar11y Lo_;‘

- I ..‘.. g

- - - I T

N ..' ¥ 4 Lo . ‘ —
ot . .

R

';dn a ' oéd*zoogeographic scale;however; Blackith'an& blaohith (19753

' s . . \“

locatlons where contraglctlonsfoccur between s011 t]pe-and planL cover

b4 .
K

RS e

S L - . : ] . .,
-ectocepheus*velatus ShOWS a strong preference for Pinus

R . A ' 3 -

. B ~

. .
N - .

pﬁpulatlons lncrease W1th dlstance from trunks (Schenker, 1bd4)., vn«h ;fo‘

v

S relatlonshlp betwegQ\\;ane~species and‘miqtsirthEOPOdsuseems.morg'an

oﬁeqéapplng mosalc

\ :
mOre to plant blochemlstry than to plant spec es (Rnderson;'lg77).

' ‘-H“ S T ' o = .'::.f” ;?{j

L Faunal populatlons tend to be hlghly aggregated Collembola;ahgffilv

low_moblllty from the s1te of egg clusters (Poo‘e, l961):.aqgregation,~ :

~feptions also 8&curvat‘the:species_level.'\The distribution otw«he o

£ an‘a»seduegge of communltgés,;and mavy be\ggla*eﬁ'

.‘, SpeC1es p051t1 v,j i pulatiOns is not strongly co::elated

Wlth plant dlséngutlon w1th1n a glven ecosystem, but: faunaﬁxqumbtrs..~

often are In grasslands, plant communltles are, seemlngly unrelatepito‘v_—*
fthé,miéroar, bpod' communlty (MacFadyen, 1969 Cu:gy'and Ganléy; l9J7r;““

»

Tla

'fs often are found 1n="locallzed 901nts of very hlgh dens1ty (Ford,:J:LJ'T




.-

e -

spec1f1c1ty amongst mlcroarthropod populatlons. Feedlng select1V1ty

v

sxngle genus——w1ll share habltats." E “-‘"

”‘.‘ ¢

*

apparently large mlcroarthrodi populatlons actually represent 0.01 ro"

:?10,02% of the organlc layer volume and O 003% or’less of the upper\
ol

vor.fewerdper lOO sz'of cavity wall in the 0 4 cm dépth :Twrs, and

- K

recent electrdn mlcroscoplc eV1dence that the vast majorlty of the
Y . E a .

bacterla 1n m1neral solls are assoc1ated w1th roots (Brewer_et al.,

e
o

l983),-suggest that, to a mlcroarthropod the lltter layers are falr,

., ) -~ . P ¢
N “

pastures'at best;-the mlﬂeral so;l a sparcely vegetated desert W1th

" -occasion@i food ocases. - - o _ 3 ’

- » Lo . "J';r‘
L

A macroscoplcall%ahomogenous 5011 1s, mlcroscoplcally, hlghly .

.

heterogenous.' Organlc layers are a complex network or’poreszand

-~

Lhannels between hlgh:

varled physxcal and chemlcal structures S In
. o . LY X ! 3
: tht F la,er of moder sorls, plant fragments in varlous stages of
. . - . P4
decomp031tron are 1nterm1xed with m1neral gralns, decaylng carcasses

» S - _jﬂ = 3 - TR
anqupcal material all are SEergrown w1th tangled mlcroblal colonles.
: . R g T R
e The m01st atmosphere 1s thltk w1th -a contlnually changlng array of

: ...’-o—

~volat11@rgan1cs pheromones, bodlly excr'etlons, and by products of .

v;801l zoologlsts have long WQndeEed at the apparent lack of nlche

'3: \>somet1mes 1s obsezwed . Often hdwever, organlsms‘of very similar'siZe f?”

wﬂth sxmrlarn very broad fcedlng hablts-—often several spec1es of a LT
°fxfigz»: Part of thlS myst : ~Ean be solved by a recognltlon of scale. . The .

mrneral layer (Murphy, 1955). Haarlov (1955) ﬁound one‘mlcroarthropOd -

N
.



SR = : . )
X ) s - 4 .
"‘v : :'v ; ,' . . : . o 5.‘
o L T o . : S
T decay Anderson used ge atln embeoded sox& seetxons snd
techn;ques to show a strong correlatlon (r 0 70) betWeen
3.'5 R .o 1’.'.' : S p "”' : R B
dLver51ty and specxes dlvers1ty im the L, F, and H layer of "foresy. L
. ‘ 501ls (Anderson and Hall 1977 Anderson, l978a, 1978b)
S . _,.“..;. A ~~‘ ‘”. i " . . .. Ly o s
: RS ".b v . - - R C e 4
""";'_ ' \ 1
. . y K
_A: Wallwork, ln a 1983 rev1ew, suggested three probable fa»(ors, any ) '
'w ) , ’ '“ . ,')«' . . L. : B
o ‘”'Qr all of whlch may be lnvoaved ln orlbatld specxes dlStflbULlOﬂS : PR Sl
. ) ; B : . ) o, B » ~ ) ; :
[ l“ifeedlng select1v1ty, mlcrocllmatlc preferences, and” phys1cal '.3_ SRR
S e : B \ S
'ﬁ - microhabitat sfructural,constfainbs; Usher (1978) suggested Lhat“ S '
vlnterspec1flc competltlon 1n grassland mlcroarthropod pogu*atxon may;
B be kept low by mlcrostructural llmltatlonhq aggregatlon behaVLOI,;
Yoo e : . S e : - Vol
Y 'predatlon and physlcal or chemlcal gradlents.-- ' " *. o
' ! v [" .‘_ Al " ‘;'
o 2;2‘-'6"‘§fa,ri_ - B S 0 UL A O
. 2'

i

ftﬁ . 8011 Acar1 alre class1f1ed in four sgborders Oribatei (og\-.‘” e
n ;o 9 ‘ : e ¥ : -

‘\

Cryptostlgmaba), Gam§51da (or Mesostlgmata), Actxnedlda (os - 'F‘”fl‘; e

’.b'Prostlgmata)”and.Acanxdfda'(or g;tigm&ta) Members of all four ~Jroups

» .

) " . :' S

’can be found Ih most.sorls, however Lhe O?lbatel UpUdlly are by fqr vm
. “‘ - ",7 . . .

) . - - - Q ‘ .

VA ,domlnant grgup, 780 90% of the rotal mlte popula'xon) “The Gamasida .
’commonly”are less than 20 of the popu often abour -Live perceni) :
,uActlnedlda populatxons vary. g;eatly, Fromfneér'abSent £o dominapt in .t
T » O ‘) ! '

f?fnumber; because of thelr small body slze rhe acrlhedld popularlon o Lon'
¥ ‘. . . . o . . ) 2
is underestimated. The&Acaridida“areTinsignificant.or neaply absent 10
.. - - - T O e s A e . LS
; - . - ‘ . o . N ) ) ) : ) . . Y ol - R LY o \;
‘most soils. Acari prefer humid soils over aguic or arid condivions, . -
¥ Lo T Lo . R i
and are more numerous.in organic than inp mineral layers ' .
- \/\ - N N « i
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Orlbatld populatxons are largest 1n~con1ferpus forest 50115. They

'ﬁ'“‘n: are larger 1n boreal and temperqte 50115 than in. troplcal iz;tundra ;gﬁf{;‘l‘.

150113. Forest populat1ons outnumber grassland populations ‘in s1milar
. " 0 R o
,cllmatljéganes. The Orlbatel are decomposers~‘most are fungal feeders, ‘
AR ;some‘fee _on plant detritus or wOod litter,-ahfew'are«herblvores;

. - . . . . A - . o \."v",“.'_‘,\.

ff;:gg.ﬁtPredatlon ang carrlon feedlng are rare orlbatld act1V1t1es.} Many '_ o 4;4

~ S

zorlbatlds are re51stant to de51ccat10n, desplte thelr small body 51ze,.:
- N s . . L . .‘,.. d .

“because og thelr thle 1ntegument.‘ ThlS thlck, often smooth dorsal

B lntegument glves them the appearance of mlnute beetles- they commonly r”

, X - .“

o afe Called "bﬁetle-mltes ' Dry welghts of 1ﬂd1V1duals usually are,3 5 CoL
'. - . . e ) . g L ,~ . . N L s ‘ L__' . R
o . x« : '- .A.. ) : B T - :‘ : . e - ~ Lo ... i .‘ PR B ;T':'\ PR ‘ “ SO "‘ '

Most gamaslds (members of the gama31na sub group) are predators of ‘Q-T"

> e

‘;ﬂr}id:nematodes, other artbropods Or-Protozoa. Members of the sub- group

R S ) ) ) ) ':_ ;

- N SN & . d
' fUrdpodlna, rare 1n most.501ls, feed on fungal protoplasm All~are”
P e’~' E » o :

. ﬁ'7llﬁ?UId feeders. -TQg ﬁamaslda are more’frequent in. forests than 1n open

e
L

'Q'lands; and are Ln51gn1f1cant in gssg;ts ‘and in some tundra soils.

£ ; “-“ N s ..
;Thelr populatlons someﬁimes ‘are Qery 1arge in troplcal forests._ -
S . P . ) ."‘ x!?), ;\_:‘ . ' H

Gam;slda_srze.yar;es:greatly;;indfvidua! dry“wgightsdoﬁwmost specieSa'
L T S R SRR | & L
.t %, are 3-5,u9, some weigh-as much as 270_pg;\12

Codn e

ool L

: PN Ca ., T, -
.s,The Actlnedlda and Acarldlda are less Well known,‘the former?
__";”':{beeause of nengct due toggmall body 51ze (lu g or 1ess i
e e o : [ .-':':‘;‘

']We;ght)p the lagter U@cause of small populat1on 51ze.

vividual dry

Actlnedlda'are_‘

. e

Tcommon 1n woodlandsand 1n open land, and are the domlnant Acar1 1n some e




R ;5:tundra!_deserts;andrsavanna'soils;} Some‘are<ptedaceous, Others sre:.-“”
tfunqal feeders.. Acarldlda rarery number more than 1000 - xndrvrduals R G
—2 . " . ) “. . A o
~,m_ﬂf W1th 1nd1V1dual dry Welghts of 0 1= 2 l ug They feed on detrltus,

z‘n]WOOd fungl and algae, and are most numerous in 501ls thh deep organxt‘;-=}
Lo ;hori‘zons,.‘-_ (Wallwork, 1967 Peter.s_en:a‘nd‘Lu_xton_,-198_2; N_ort‘on,,l985)

.

f, Many studles of orlbatld feeding preferences have been carrled

*

";ﬁ{ out, to see whether trophlc spec1allzat10n can help explaln the‘

”~coexlstence of large numbers of 1nd1VLduals of 51m11ar specxes in.a .

. R P A

i .single habitat;‘,These'studies haVe been of'fbur types,.each with its ©

“inherent,limitations;; Labobatory-feeding.preferenCe tests,7infwthh

the organlsms are glven choxce between two or more foodstuffs,_are
'art1f1c1ally 31mple, and do not co‘!elate well w1th observed feedﬂhg Ln,g.;;f

.the fleld Studles of the qut contents of ;1eld specxmens
iioverempha51ze the 1mportance of the least !!gestable foodstuffs

QyStudles of gut enzyme complements show whlch*compounds an organlsm 1« u.lg,"

‘s

_able to dxgest hOWever these are carrledvout on whole body homogenate"

‘because of the small body 51ze of the Orlbatel the SOurce of the_

.enzymes is'not dlstlngulshedj(Norton, 1985) agnde and Berrher (1973)

used.2 mm-thick.serial gelatin sections_of-pine litter layers to

-observe orlbatlds in 51tu, and:the]marks 0f.feeding activitybon

. N ° - - . u )

-JEOOdstuffsr_ ThlS method resulted in. useful obServatlons of some
R . . P .

~

species Whidh feed‘on,or in decaying.wdod'andwneedlesmaterial;‘it,was

unable to dlstlngu1sh the feedung preferences of specre 4found'fn;£he R

fwell decomposed 5011 layers, or. to dlstlngumsh wherher the lxtrerif

L “‘-feeders were decompos1ng plant materlal dlrectly, or were feedxno on. i
1



"*fungalfmaterialJWithin thefplant‘littigﬂ;

B e

o

Several general observatlons of orlbatld feedlng hablts have_f

‘emerged 5011 Ornbatel db‘not feed on fresh litter-'some leachlng and

»> E

gal attack of the materlal must occur flrst._'Immatures are the most X

oﬁlflmportant ﬁeeders- adult feedlng rates are slower (Luxton, 1972)

I;# g
. e . . o .
There ls llttle ev1dence of trophlc spec1allzat10n by orlbatld
:spec1es;u Marked seasOnal varlatlons 1n gut contents have been observed

.
L [

_rn a number of spec1es.' Llacarus xylaraae 1s strlctly mycophagous at

)._.

{the t1me of f?tterfafi, non spec1allzed durlng summer, and feeds on'

Zdecayed leaf lltter 1mmed1ately before llttergfall It.is ndt uncommon,

, : o _
'fto f1nd separate food boluses of: two or three dlfferent food types

,gj(EUng1, bacter1a, plant lltter, detr1tus) in a 51ngle organlsm f
(Anderson, 1977 Luxton, 1984) Gut contents reflect m1crosxte»'*f

Tffoodstuff avallablllty more than speC1es preferences (Anderson, l978a)

.

Individual sizefand foddstuff are correlated. The smallest4“-
) ) K )

”35pec1e= feed more on amorphous materlal, medlum sxzed spec1es on: fungal

.-materlal and larger spec1es more on’ hlgher plant materlal (Anderson,

t1977) Also, the percentage mlcroblal content of food boluses has’ been

:,fobserved to 1ncrease W1th depth 1n 5011 1n some spec1es (Luxton, l98¢)

'Observatxons ot mlte 5129 and foodstuff relatlonshlps may be related to:

-'mlte 51ze dxstrlbutlon w1th depth Larger specres are conflned to y

o

-

wo_‘

';‘gfound nearer the surface than the smaller c. kananaSkis; immatures_tend

)

w T

".g.upper lltter layers (Pande and Berthet, 1975) Ceratozetes;gracilislfszu»

a0




to"be restricted to, the F Tayer (Mitchell, 1979).
arl Orlbatld dlgestlon sefms to be dependent on ‘an act1Ve gut
%roflora, Wthh changes as feedlng substrate changes (Norton, 1985)
_'_Haq (1984) showed that Heptacarus hlrsutus has gluc051dase,
\galact051dase and cellulase enzymes ln th ut. The enzymes probably =
"“an'active_mic;oblal-population.'_;
.
. s ‘ . . . S =
Forest orlbatld dally food consumptlon 1sﬁ% 13% of thelr dry body ,n”_“ "
v,welght, wlth a551m11ar10n rates report!‘ to rang ;;rom 3 65%, commonly
:over 40%.u Most of these estlmates are from labo tory studles, w1th ‘;*.ﬂ'

Jtempeiatures much hlgher théﬁfnormal fleld'temggiﬁtures, and there JS a

L

'strong effect of temperature on : both feedlng and ass1m11at10n rates. L

'The lower gstlmates may be more typlcal of field: condltlons (Wallwork,

£

| = B S

Orlbatld development tlmes range from 23Says LS EWO: yearsf

¢ 1nd1vrdual 51ze and development t1me are pos;erely correlated The; Lt
’ { ; . [ K
development rlme is. stronqu temperature and foodﬁauallty dependen ' . fk,
labo atory estlmates probably are low Mortallty is hxgb amon : v s
. . [ o it N f 2
,1mmatures due to softer bodles -and thg rxgors of moltr%g If adultnood )
I . . : . " I-b'/ A e ‘.' . ‘->,.~
s reacheﬁ the rqglvrﬂuals may. llve several years v Adulr morrallry~ L
s ' ' . 4 ) o A »
h 2 )
probably is due to lnternal paraSLtes and predatlon, pflmd[llj (Ior!on C
' v a 7 . N4
B - A‘ / N - . ) L] A
. y X
" N o 5 L Yo



-

':tflnya31on of newlyuestablrshed leys was by specres Wthh practlﬁe

“ﬁ,(Petersen andjLuxton, 1982)

'°fzphoresy on xnsects,_and predomlnantly by aqtlnedlds and Acarldlds. -
,'Orrbater and Gamas1ds Specafs tended to be later 1nvaders, and were;
o _ . L , .
'frespon31ble for 1ncreases Ln total spec1es numbers, whlle Actlnedlda

”[orlbatlds and gamasrds have a moje K- selectlve survrval strategy

-'.K selectlve tralts of the orlbatlds 1

o very hlgh populatlons sometlmes found 1n grasslands and forests are

Whelan (1918) studled Acarlne succe551on 1n\pasture leys.' Inltlal 3Eybgpﬂ
‘ : _ R v\‘. o

4

r, i L ';n S KO b

. s ..
v

SO

nand Acarldlda Spsec1es remalned unchanged : ThlS suggests that the‘ SRR »:;,’

\

(McArthur and wllson, 1967) than'h 3

aca@dlds and actlnedlds.-

‘.

.;ude h1gh spec1es d1vers1ty,slow

n"‘j;. . R
ﬁecundrty, 1ncreasedelnstar length varlablllty wlth development, hlgh R
i % . R
. ¥ o 4 Doy
”longeV1ty W1th 1teropar1ty (Nortoh, 1985), and low metabollc rates oL e
S (Mitchell,. 1979).-_- = e L
. \",/:l N ' ; ».7 N .‘ N ,. -
£ : - P " KRR
O R B LY e . Tl o
2 2 7 CQllembOIa - . . o . .0 N
’j* Col{embora are ublqu1tous 5011 and 11tter dwellers- ‘how ver they

“are moSt numerous 1n cold and temperate cllmates, dre found in- hlgher

7j.numbers 1n forest SQllS than in grasslands, and have low poggegtlons rn

v

j'dry s01bs.{ (They tend to be more - select1Ve than the Orlbatel ) The

. N
B

e ’ L . B . N . .
;wdomlnated by very small spec1es. Spec1es dlver51ty 1s low in deserts ST
N . N . . * . ) . . . - . ‘ N ‘ . . - ‘: .- .“".. .

.“and arctrc s01ls, however 1n the;%rctlc the. populatlons may ‘be large KN

Y : _ . .

.‘,.{

Y

thoflemdeafare}vertEEaliyAdistgibuﬁ§dwacéo:3ing_to;individual} ROTRT




ju}

L sporulatlng fungal species of the lltter layer.;'ﬁh]f"r‘. %

-'soecificityqfalthough there“is a1tendency,for'the'larger-spegies*tpfj

. to the vertlcal dlstrlbutlon»of the organlsms."fo,

'siie. Surﬁace lltter dwel Ling eqﬁemdbrylds may be several mm long,

' found in the lower organlc and upper m1neral soxl are small to very

: Albertan Populus tremu101des woodland, Ony;hlurug subtenuls 1nhab1t the

‘feed on- fungl and the smaller on. humus‘materlal

detrf;us, fungl,_bacterla, and algae \ Decay1 -leaf3tlssue,n T

oo B s v .o N -
K K4 . i ., e 4 . .
- Do e . L o®, PR .
. A . \J . :
L ) . . . . RV
: N ’ S
Y

w1th a strong furca or sprlngtall" wh}ch they use 65 propel themselves;fu

“ : . ® : o o
qulckly away from predators._ Surface and»nesrnsurface dwellers,often 3 ffxf.:'

. P EANE TR
have Well developed eye clusters -and . brlght prgmentatlon. ~Spec193 HT'\W&.~ v

.

hx . » i y ‘ . ) N . ] . \‘.'..‘. _1'.:"”":.

small (often less than lmm kgng), non prgmented bllnd and\zslatxvely

sedentary organlsms. They may ‘be found to deﬁths of 60 qm in a ".,"“

ey R , Lt o N "*”'rfflfj

grasslands and savannas and to 30 cm xn forests,_whlle 1n tundra sorls ‘f
.they tend to be 11 ted to the top 3 cm (Petersen and Luxton, 1987) :
. - . . / -
. . f' I g - DR L

Vertlcal mlgratlon of follembolans wrth pre_xpitatlon is tommon.

In desert ecosystems collembolans mlgrate to surface lltter layers

-

Withln hours of ralnfall : Hassall_et. al. (1986a) found that 1n an ._,Q?'.‘ -
. R -~ ¢ . — .

'S

3 S
PR SN

ver layer for a few days follow:ng’gjlnfall,_returnlng ro the humus=

o

layer when the lrtter drles.: Thls mlgratlégwapparently is a response-5

o -

to the temporary aVallablllty of the more palatable,‘rapldly

R

Sy

I

LikefqribatLdS‘thefcollembolansﬂshow_llttle species' feeding

T :
gain this.is related .

stuffs include

Pre 1nfested by fungl 1s a) commov'Preferapce.. EOnsiderable amount”ﬁ'




- . A‘

Collembola empty thelr guts of potentlal free21ng nuclel, and can‘p;?r'

n,q' parts of dlpteras\pupae, other COllembola,
¢ . L o . \ .
and decaylng earthworms,{ﬂale, 1967 Fjeilberg,\lB&S)

-

'ﬁnolude.mizeralagrainéﬁ

~\\The ablllty of collembolans to thrlve in very cold cllmates 1s
- . ,‘ . \4 . . | -
based orb cold harchéess, and several overwmtermg strategles.. Whlle

s
r

many speC1es rema actlve at below free21ng temperatures, most do not

to‘tlssues due to ice crystal formatlon, and oxygen’";. S

- .
.

o def1c1t when trapped under 1ce. Some sﬂbc1es move deeper 1nto ‘the 5011 ,jf

o . .‘. ( : A 0,'

to av01d free21ng condltions, others overwlnter ln the snow.; Altchlson .-f.T

Same layer they are foundpln dur1ng frost free months (1984) Many

o

i supercool to —lS or —2<C., SOme can entef“ d remaln in an anaeroblc,‘_'

o hlnanlmate state when trapped 1n or under'lce (Lelnaas, 1983)

<

Collembolan llfe cycles 1n Southern Manltoba are two to ten months ifi"ﬁ

.\'

nylong,'wlth one to f1v gen ratlons per year (Altchlson, 1984) however

j?arctlc spec;es may not start to reproduce ugtll after two years,.and

“Tmay 11ve three to - seven years (Fjellberg, 1985) : Populatlons show '57"”

'lslgnlflcant seasdx/; varlatlon, often peaklng in autumn (Hale, 1967)
’ . . el AR PR . L .
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h‘,-jﬂj,2;2.8 EnchytraeiGStv_"I‘f _]-_ S L L DU R
BRI Q Enchytraelas are found in most temperate to cold clxmateb, 1n’v R
__ovfjmeslc to wet 5011s.. They are very sen51t1ve to drought-‘xn part ;h:;\“ D

‘_;may be why tgey are more commpn 1n organlc than mxneral sorl Iayers.-l’;._n7"

f;oﬂlg% seasonal populatlon/électuatlons are related ‘to m01sture and :
:;temperature condltlons._ Enchytraelds may agtlvely,reproduce_atnqﬁ P

'Tffrelenq temperatures, nd:often'are:the dominantﬂfauna-rnf@rCtie:';,"f*:
‘Fﬂ501ls.. They surV1ve well 1n m013t r selectlve enV1ronments

'i"

'(zaccharlae, l9ﬁ4;g0'Connorf 19§7 Petersen and Luxton, 1982)

ol

lgiulﬁ];arates are'relatively'low;g Some;spec1es preferentlally feed on fungus,-

f»u;for av01d plant materlal or 1norgan1c materlal (O'Connor, 1967) If the

a

¥~:m1crob1al.flrms on the.leaf aterial.“_Im lower layers they feed on
ﬂ;}arthropod and earthworm dropplngs LZaccharlaé 1964)

Enchxfraeld llfe cycles of 68 to 261 days have been observed under 1::ff' .

'“;'laboratory condltlons Asexual reproductlon, Ln Wthh fully grown
C worm; break lnto three to eleven fragments, each developlng Lnro an

y",i.;eﬁadult, has also been observed (O Connor,'l967)

T .
1




'ff 3 1 An HlStOthBl Introductlon o

"ﬂerevlew of 5011 faunaZUacot empha51zed the role of fauna 1n reduc1ng theﬁ

f?*”*@”ﬁ”ju‘fxﬂt-";,fyf, :ff!~-tf:'. N

”{1"2 3 Roles of Fauna 1n 5011 -f:;l. :7]Huﬂ._[7'{” .':r':f;f*f .]ﬁ&,jyf‘ ai;f\\:

The role of fauna 1n thi soxl has been dlscussedqin a number of

e

'D\v'

/ 'ryrevleus'1n thls century McCollogh and Hayés dlscussed "The reclprocal

0"‘ t\‘

"flrelatlon of 5011}and 1nsects 1n an Ecology-artlcle 1n‘l922 In a 1940

r . ,‘ b . L.

-t

carpet of dead and mo}derlng leaves of a forest floor "to a 11 ter*of , "vj‘

o,

"]has been addressed frequently, most recently at a,symp051um at the
o Unlver51ty of Alberta 1n June 1984 (Quaestlones Entomologlcae, Volume }yffyf”

'35u;;;4 1985)

'ﬁwater and a1r movement, regulatlng plant lltter, regulatlng anlmal '

'-:xminute,faeces- Wthh may be: m1xed 1nto the m1neral 5011 by varlouS‘nj5

e

"vanimais Kublena champloned the cause of the fauna as soxl formers.

BN

>

r”Thrbugh hlS 5011 th1n sectlon studles, Kublena became conV1nced that
1 aggregate formatlon 1n soxls 1s to a great part caused by 5011 QVgF"Qb

'f;anlmals (1955) The queStionnof faunal’influences:on-soil'Structure"”

- v. oL

. “

Probably the best reV1ew to date of the effects of anlmals on 5011

'iﬂls that by F. Dm_Hole (1981) He'iisted andndrscussed twelve.effects;'3
':v;moundxng, m1xing (faunal pedoturbat1on), formlng v01ds, backfllllng

'i_VOxds, formlng and destroylng peds,'regulatlng 5011 erosxon, regu atlng

-

7.11tter, regulatlng nutrlent cycllng, regulatlng blota, and produc1ng

specxal constltuents.'.‘rnn IR S [ A P ROV

'Q'ZL3 2 The Decomp051t10n PathWay

The effects of fatna on s01l can be cons1dered from the’




“'%h;_-v1a er051on, volatlllzatlon (nltrogen and sulfur),,leathlng, and

. : ? AP L o ol N . e.

. ) . ".1-/ : * 33 ‘

.’_., : . ¥
R

L e e

poes

-“perspectlve of the decompOSLtlon pathway -_f:} is"1~" U m T .

B R B The - detrltus deFoﬁb051txon,pathway occurs on.or. W1thln3 ‘the fi‘_f»if;7¢"

S "s0il after pLant materials: (lltter, roots, sloughed éells and
S soluble compounds) become . avallable through death, nescence.
' X ', or other pathways (Colemanl 19&6} . A

"y"

Energy flows through.thls gaﬂhway 1p tng,EOEm of organlc earbon, cycled_h”

-vthrOugh the m1crob;al and the fa&halTPOpulatlons; and eventually

"..' '-"d‘ 4-‘\ B R .. Au . 9 .b"

_retuBQed to the\gtmosphere as CO2 or ngred ép the 5011 1n per51stent

Tl

~

‘"1forms Mlneral nutrlents are recycled thEough the~organasms and the'
. . . . "-..._» 0. . ' o

factlve 1norgan1c (solutlon and lon exchange) pool andrmay behtemoved;'

: from the latter pool by plants,_ptecrpitabion, translbéatidn-tC*lowerh
‘ e T T .

.

'“horlzohs and leaching. Nutrlent 1nputs 1nto thls open system are from

.

'fdust and ralnfall, from the mlneral matrlx, from the atmosphere
. s . . AN o S 5\.“ R
(nltrogen), and from fertlllzer 1nputs ln managed systems.;sLosses'are":"

X

), bw"*‘-.‘:u' O -

I

harvest in. managed systems.fﬂ

'th malnta;n*a healthy plant:Communityt >The‘developmentvogualiy{;i19 ': \:;ff{

‘fesdfi"ffp°»a;minera1 parent material can be'UndefstGOd aS,aaS?stem"of‘ SRR

- feedbacksH mongst members of the developlng blOlOglC communlry, and in’

~G

o

L hydrologlc pEocesses,'wrthln the glven cllmatlc and landscaoe

constralnts (Torrent and Nettleton, 1978)

S



. / ') z " ‘ K "
2: 3 3 2 LlSt of jaunal Roles‘\\-jhfﬂil-‘.j4v' e ff*;“yl f”"hn,u';
‘The' @frect role of fauna yn the decom9051t10n pathw&y 1s mlnlmal.

About flve percent oﬁ the total annual.lltter energy lS utlllzed by thef
. s

soil fauna( estlmates vary from 0 8% in: a spruce‘fdr:ft to 10% 1n a 'v'

v.,‘

me51c d‘c1duous ull (Petersen and Luxton, 1982) * The remalnder 1s

Vo e . Y.
ox}dlzed by heterotrophlc m1croorganlsms.' The1oft noted faunal
. ‘ : ST IS 2 Lt

populatlon lncreases W1th sudden 1ncreases in, 5011 l%tter (Petersen and

o “. e . : . A

rLuxton, l982) are a response to the mlcroblal populatlon._ 8011 faunalﬁl

igra21ng of llVe macrofloral materlal usually is mlnlmal, though some

b S e - -‘,“ o et :
‘ ° 4 S
hplant pathogenlc nematodes and mlcrofauna ate 5011 dwellers "
LB T T e T
,‘Indirectzroles invthe.detritus’pathway include effects-on‘the"
< Do e ~-_. . "__.\“- . : “'-s ) ~n

mlcroblal popu&gt;on& on nutrlent cycllng, and on phy51cal 5011 %\(7
propertles relevent to plant productlon, er051on and leachlng/loss .

krates.- These effects are strongly xnterrelated nutrlentgcycllngaand‘:(‘»
N : B
’soil structural deyelopment affect\the,plant,:microbial_and‘faunal

populations.

.lltte[ avallablllt

,to mlcroorganlsms by 1ncreas1ng 1ts surface area.

V.' .

_Translocatxon of both foodstuffs and m1crobes 1ncreases contact between].ﬁ B

'lrtter and n!!robxal propagules.; The fauna are repon51ble for “EWO.
_mxcroblal enV1r0nments the faunal gut is a favorable enV1ronment for"
b . o : e e . o R
some- organlsms, espec1ally bacterla,.and fecal pellets are dense yet

w

;flnely porous, often heterogenous structures well sulted to mlcroblal
Nhapxtat;on; _Faunal,roleswin nutrient;cycling,~and¥m0re-directly faunalf:

P X+

0 . . ’ ‘»_- L
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S

S -. B o K ‘-‘:,.. ST o L ‘ . S E N
' 'grazing pf,rbe*mlcr9rlora)_affect,microbial population dynamics. . '

'j in- $01l structure development‘ thter materlals are reduced o humuS"

) PN 4 ) e L.l . R
R . o . e . R L .
“ L. . T . . e B - ‘

.

"“stages of decom3051t10n, leacnlnq and mechanxcal weath ringfare;mosf

udecqm}po@e‘“apid}’y, (1977). . Lo S e

o e B . . .

I
[

. L
e

'f'.: 5011 fauna aleo affect plant productxon rndrgectlv by *herr role

3

\." -

maté{}al and may be mlxed w1th mlneral gralns to form mull materlal

6

Dead root chahnels are converted to humus or mull aggrotubules X Fauna

[N T
- ) 3,

-

are 1mpllcated 1n 5011 aggreqatlon and granular ped formarxon,'whx

A 2 . R4

D , ) Y - T
2;%ﬁ4¥ EV1dence of a Faunal Effect on Decomn351t10n Do

- The most dlreqm ev1dence that fauna affect lltter d&composxtlon

éomes from f1ne mesh lltter bag studles f Seastedt s survey of such
. ' e g2 . ‘

"studles shqws an ayerage 23% . anreaae 1n the lltter decay rare when

\ . . . ) } i

— » .

some e\’j.dence tha\: the faunal roYe lncreases w"\th. Lnf

o 'é

“recalcitrant‘material (Seaseedt, 1984) Webb notedp-naﬁ.Lne‘ﬁaunai:"'

role\ds less significant®in litter with a ‘low-C:N ratio, which

e
~ . RN

. . , .

. . ) . < S

e . B R &\‘\-

- - . L3

- . { - ->

bES

A number of‘researchére-have cbnsideredirheesucceSSAOA\pfﬁgoi&‘-uv"

‘fauna &n 1it§gr-deconposition (Van der Drrtt,rL965; Kevan, 1968;

'Anderson,_l975 Croséley Jr.,_l977a Séastedt,vl984);.71n Vhe inirial

~




’:dmportant, and rne arthropod role is mlnlmal‘(Cros r y Jr. i977a),Q‘f”‘-_-;'§‘

'»A

;though mrcroblal attack may occur before senescent leaves have fallen

. N v dg
'.Microfadha and nematodes be91n feedxng‘on the mlcrof E? soon after\

.'fleaf fall m;croarthropod gra21ng beglns later (Van der Drlft, 1365)."'5,m
.I ) C ,
:;aolgect attack of soft tlssue materlal by fauna beglns wee\scgj months,@];
““later, by mllllpedes, 1sopods, dlpterous larvae,eand snalls (Van der

1 X . e,
:'i_’Drlft, 1965), or acar1 and collehbola (Kevan, 1968) v fecal materlal ::! 1!5
PR : Voo .

"»accumulates, the enchytraeiﬁ act1V1ty 1ncreases, reduc1ng the pellets

v ~ N

to amorphous fecal materfal Flnally the more re51stant plant

._jffragmenaﬁiae yell as fecal pellets and mlneral materlals are consumeo e

M: -._v- : N R St L L

by the larger fauna, lf present (Kevan, 1968)'-‘ _b»;:{’_l- i@l;fif

microbial.srfippingﬁ'

(Macfadyen, 1978) Th”sﬁls‘a process of repeated gonaumptionoof the

: substrate, d gestion oftule mlcroblal protoplasm, and excretion.of the

;Ew'st[uctural materlal§ of both the mlcrobes and the substrate, to be’
R v ~ N . \ .
re1nfested by mlcrobes.“ The fecal materlal often %J:nemiCally:i}ptfg—

\.-'f.::' : . . NPEUS

'-different fromjthe o:iginal subétrate,'and:llttle'maSS of material has

e -

{f_ been (emoved (Raw, 1967v Macfadyen, l978) Thlrty to 60% of. 1ngested-

S )
K ~bacter1a may surv1ve gut passage (Coleman et al. ’ 1983) P

3_Graiiﬁgeincreasee.microbial,respiratfon,.probaoly'bylpreventinq‘*'m
qunqal*mat‘ingg(Norton,-l@85),andithe“formation of an overpreponderance

Dol
LR

H'offaged'fungalyhyphae ma rialnand:baéterialvcolonles.-'Overgrazing”mayif"
<7 : . S L S S T Lo



égesult ln Gecreased resplratl

.

4-'4 1.

3‘[FViVal‘°f,u“A

fungal surV1val of overgra21ng 1s dependent on the avarlablllty of

. ) ‘ RN 2 - - L. Lo

',,protectlve m1cr051tes where the fungl cannot ‘be’ reached by fauna(;}rﬂ; o

o

4,‘1983’ f Decayiwg plant‘tissues may prcvide'such'sites since'. e
: .“ . . : . M \ g . T PR

mlcroorganlsms are more able to 1nvade theseethan are the fauna
o a' . : v Y

s(Anderson, 1977) : Reduced predator populatlons may result 1n a

'1ncreased.saprophagous populatlon, and 1ncreased decomp051tlon rates'

L 7. :
1 ey

- v.ll-

f(Petersen and Luxton, 1982) pronded 1t does not lead to overgrazxng

ThiS‘suggesﬁedvrelationship'between'faunal/microfloral

' interactions andfdecomposition'rate is-riot well established, however. -

- Hassall et;_alr:(l986b) found that R &
@ ‘although mora than l 000 Onychlurus subtenuls m -2 move:’ '
rapidly 1nto the L ‘laver of this Populus: tremuloides ‘,ﬂ . -

* ’ woodland whenever it is moistened by summer rains in order
to graze q‘ ‘the mlcro organlsms there, and dezplte their _
,-carryxng over 3,800 spores m'. ~1nto it from over Loo R
species .of fungl characteéristic of the‘lower litrer ""ar?_f '
Lo the overall results of their, inoculating, dispersing,™&nd - .
Coe gra21ng act1v1t1es do»not have any - 51gn1fucant effects on -
4"j'the rates ab~lhnch thlS teaf liteter is decomposed o~
" . N ' . "'/’ L .
2.3.6=NUtrien£'CYQling-f o 5,"_ R
o Fauna may affect the nutrlent cycle bv reduc1nq OEOQIOH lr dur ﬁ“lei.;
Sy to 1mproved s6i1 aggregat‘on, reduCLng leachlnc 1ogsr.- due t0 impro%rd
.

water holding and.cation.eachange~capacity of.the-soillaggregates,‘and
) . . v . . . T . o
P by translocatlng less weathered mlneral materlal to *he upper‘"OLI £oom”

B

-dép;h. More 1mporkant are the effecrs of fauna on nutrlenr L o ' P



. AH}_ it , T S L,3é'
s mlneralizarxon and 1mmob11lzatlon, dlrectly (to'a;smaLl degree) ‘and. ..
'g. 1nd1rectly affectlng the mlcroblal populatxon. R T R
. " Y

L In general, 5011 fauna mlnerallze*nltrogen, 51nce thelr own C N-

satlo 1s about the same as that of thelr mlcroblal food substrate, and

PERRR ,. - Coes
they havé a falxly low pcoductlon effic1ency (Coleman et al., 1983) :
% ) cE T R Je
ﬁacterlal and fungal feedlng nematodes and‘protozoa resulted in’ a _;pf=»“ SR
W s o
“con51derable fac111tat10n oﬁ nutrlent (nltrogen) return,4lead1nq to M'l :2Jf$

. g

..

rcorenan, sssiy 7
N ' DR ' g : : - .‘
e Other nutrgents also are mlnerallzed by faunal feedlng Leachf
losses of nxtrogen hoéphorus, pOta551um, magnes;um (Seastedt, 19841_j”'~

f "calc1um and sodlum LAndérson and Ineson, 933) from lltterbags are

lncreased by faunal presence with a healthy root\and MLCIODIaLn
,f~' ﬂ." wl 'w'ﬁ 'w’ oo :“M
) populatloﬁ these released nhtrlents are quCkly 1mmob1112ed,{%r<l~
A Py . 5

~..-pOSSlble plant strategy for carbon exudatloq from grOW1ng,root tlps 1sf

de%crlbed by Coleman Et al g}283) Ihcreased mlcroblal act1V1ty near' A

o B3 A ‘
the root t1p results 1n nutr;ent 1mmob1szatlon, and nutrlent dlffu51on,

,. . . R -

1nto {he zone As the\grow1ng txp moves on, exudatlon 1s decreased,~.£”3

Loa T < . ...

‘é: carbon supplles are exhausted, and the mlcroblé!'populatlon peaks.
= N S
Faunal\ﬁrazing 1s 1ncreased 1n the zone., Nutrleﬁt mlnerallzatlon N

R o,c.c__u‘rs. and tne net effect is an 1ncreased nutrlent i\l:clllablllty in the »
. DRI S, o A - —3 B , X . R . “ .

. 'JéctiVé‘:QthZQneu;: Sk .p_ -“A;Q - .




p2w52.3.7'Fauna-andisorlistructuréi
By

‘freorganrzatloni_over long‘per;ods‘of_t;me,

-'mlcrostruccural 5011 matrlx 1n the upper s011- and'"tunnelling and

9,

g See ‘..~

'f[ An average of 20 to 30% of the annual qrganlc litter productmbn 1n

. Ld
~"

PEETEE v

“terrestrlal ecogystems (Peterseh and LuXton 1f9827“‘and\§19n1£1cant ‘J :7””ﬁ'

N

f,quantltles of mlneral materlal are processed by the 5011 fauna‘ Rusek

i”(l985) llsted three faunal processes of mlcrostructure formatlon'uthef~jt.

'r'. .

'"dlslntegratlon of dead organlc matter"- th e'"formatlonfof‘a-ZOOgenxcp

/ : inlk

'burrOWing-aCtiVLties 1n deeper layers._ McG111 and Spence (1985)_'

/

Vemphas ed a dynammc V1ew of 5011 fabrlc, p01nt1ng out that fabrlc

iformatlon 1s & pro;ess of repeated cycles of generatlon, breakdOWn and

“ff'-
Kublena s (1955 1964) work showed the stropg correlatlon between,-~

'faunal act1v1ty and humus type. Where llttle faunal actlvxty occurs, '

a

X

"[;little humificatlon,is;obServed.f'nghly organlzed humusforms are EOund

'~where mlcrofaunal feees 1nclude both mlneral and organlc material p‘ e

rzuespec1ally'between'Organxc andAmlneralzlayers the dbmlnant formatlon

- ones; Larger 5011 fauna break down horxzon boundarles (Jacks, 1963)

3801ls domlnated by small fauna have sharp horlzon dlfferentlatlon,-;'

A

' : A
.vprocesses are: phys1cal (espe01ally grav1tat10n) and abiotlc chemlcal

o [ ' : - ¢ a caes ) - e = s ) .
s “he 1mportance of ﬂauna to thie struCture of ofganlc ggfers 1s well

s t

Y

'11estab 1shed by soxl thln sectlon,_faunal populatlon,,and fecal pell

'5:studAes.[%In,the'borealﬂforest.zones, fresh'leaf litterrmater1a14is: "ﬂ.‘f“

.
.

Vf,un:erlain by a zone of fragmented, partmallj decomposed planr materzal jf_'h

_and assocfated mlcroarthropod fecal pell . »The lower F Layer rs}a
' ' ’ - b"‘-: -

Wl
-



RS complex zone of decompos1gg olant fragments, dlscrete fecal pellets,nde“’

f?and partlally coalesced dften enchytraeld fecal materlal.. Plant
‘ N 1 L
'fragments and fecal materlal are repeatedly 1ngested The H layer 1s¢a_- o

f#f:partlally coalesced matrlx of aglng fecal products, w1th few

fﬂ.ldentlflable plant structures remalnlng (Bal, 1970 Rusek, 1985

"7f,gaw1uk, 1985)

Fecal pellet morphology:'sfwell deséribééiby~Rusék't1985y;

‘:'E;Orlbatld pellets are compact,ismooth, spher1ca1 to egg shaped L

#:flfstructures w1thout m1nefal gralns, betWeen 40 and 200 um in dlameter,
Hfand varyxng w1th age from llght yellow to black rn color Collembolan

lets are rough sdrfacedh 1rregular shaped, small (20 100 um), dark,

rphous structures, often contalnlng mlneral gralns v Enchytrae1F

ellets are 51m11ar and not always dlstlngflshable from ollembdgan

’ijthey-often contaln melanlzed plant materi.l,;mlneral gralns, and

- smaller fecal pell ts, have extremely 1rnegular shape, and coalesce o

"5w1th age Dlplopod, 1sopod, and- dlpteran dropplngs are larger, N

_sometlmes greater thanvl mm 1n dlameter, w1th a’ random rnternal fabrlq.

:-Dlplopod and lsopod feces contaln plant fragments, smaller fecal ;

ﬂ'?5-mater1al, and m1neral matrlx materlal dlpteran pellets are more oﬁten f,lu _
. "-.Q . g .. ’ R
a'fhumrc materlal wlthout mlneral gralns Thése larger pellets may be‘“x\i O
..3:f A ; e - PR
fragmented and partlally relngested/é;’snwll\?\fauna (Foster 1985 a?,f o

:,v . of e

“f?‘Rusek, 198s‘!paw1uh, 19854;

The role of earthworms (and occa51onally dlplopods and\

: ) e » P .
o enchytrae1ds) 1n produc1ng mull humusforms also is well documented '

v . .



fMull horlzons are- composed entlrelv of frequently reanested taunal

_,, : L . A‘
',ﬁfecal materlal

’ o,
S

;_phy51cally 1nseparable mlnerar and humi

. 1940' Kublena, l955- Kevan, 1968 Rusek,

1985)

. e al'
o descrlptLVe nature--correlatlon of_observat1ons does not 1mpl“"

'Qcausation,j Fromvthiniseotions:One~canfobserve'

Ce

.. oceurred.

i

o process cannot——or,-more practlcally

-

. '-"
‘.‘. .

e

kS Thus th£ assettlons bhat the maxlng anﬁ blndlnq aCthltjg(Of ﬁaunu)

¢ e : . .-,.J"'r‘.s A : b) ' -

; y ',\n-r",x-'»

. 3annot be‘Veplaced by any cher agent in tho sold"'(Kublﬂha, 1955), ana' .

R

"

that "the columnar structure of a solo'ets (SlC) can be Pxplaxnﬂd on.:

3 - . Y . -~

physico=chemical érounds; the granuIa
"(Jacks,-lQGB) are sUSpett BlOChem1Cul substancps, 1505! proc¢ssps,f

-

'and wettlng and drylng also may COntrlbUte_rO granulatlon

~

. ' N ; /. '
‘;{;generalwlack;of c}ar' o the meortance of anl anlm&ls”nn
R g g i 9 .

they have a; spongy granular fabrlt of complewed,Aﬁﬁp"'

ghat.eventhnavé RS

* . Lo . wion o
,sgructure pf ai:hernozem dannot“f

'Thero-is &




ﬁinlpla;lng_and'mainraining soilrﬁabric‘raairangemenc"l(?awluk;f¥§§5);

C o e . . «( o

"LH The aggregatlon of sorl partlcles occurs over a 51ae';ange of
k2

RO

| feSPonS1ble‘for aggregatlon at dlfferant 51ze scales.”'Several o H-.f},t\;" ¥

“r cla551f1cat10ns of aggregate 51ze have been smggeSted (Lynch, 1984 S

,." .: . L .., . :“ . L ) . b ‘ -
Coleman, 1986) the most useful for dlscuss10n of the processes’ ' ’ ’ :

';xnvolved is a dlst1nct10n between m1croaggr ates;(<250;um<diameter):of

'_chemlstryfand organlc polysacch&rqdes.v Flne roots, fungal hyphae, and\f

macroaggregategformatlon,i“g~ .=ij;-w5-H,u”-' : S v ﬂ;; T S
S R R B : PP
[ Kl ey K : S0 R ' o AT -
o

o -

. . : o .;r

o Many organlc macromolecules and cellular structureS\ -and
ok )

AR S . . . . \ o SR

‘microorganlsms themselves are pol nlons at. SOll pH, and are anvolved -
3 . LU

S wlrh 1norgan1c 001101QS 1n361§>§{slon and‘flocculatlon rea

”-73,‘ An array of organxc aCLﬁs lstroduced by roots and rhlzosphere R
*“f.organxsms. B1olog;cally produced organlc ac1ds have vaﬁklng ablllty\Eof R




gchelate dr and trlvalent catlons-' 5011 fulvates are srrong chelators~'

o R - . . R 4 1,‘ R R .

i'rhumates are relatlvely weak _ Reduced pH and redﬁbtlon of solutxon .
Y S .. s ':""‘ X :

‘catlon concentratlon as a resu&t of organlc a01d productxon,cause an

°\ .

s

"lncrease 'in dlsper51b1e clays. Thls effect has been observed w1th corn

S ‘& B v

’ seedlings,_ The observed cUFrelatlon between }nc?eased fulvxc acld to

*:humlc ac1d ratlo and decreased aggregate stablllty w1th sunmerfallow

- .
- RS

'also{;s predlctable (Lynch, 1984,JOades, 1984)

fﬁ_'-." _"- . . ‘ /"_. I .
The 1mportance o%”polysaccharldes in so1l agcregatlon lS now_WPll

guestabllshed Ev1dences 1nclude the corhelatlon betveen aggregate R

\”

stablllty and polysaccharldes, the stabxllsatlon of 5011 by the'_f;lfﬁ"”

"faddltlon of polysaccharldesi aggregate brea&down by selectlve uhﬁdatlon

'fof golysaccharldes, and most conVincmng the 1n 51tu 1dent1f1cat10n of

. : ! . Sk

5_bclay polysaccharlde complexes u51ng electron mlcroscopy technlques
(Cheshlre,_1985 Oades, l984)~\ The compounds respon51ble are the

,glnsolubbe muc1lagenous comp0unds exmded by plant roots, fungal hypth

and. some.bacterla, Bacterlal cells, fungal hyphae, nd flne root‘
"“w

'fragments may be completely coated ahd phy31callywpr0tected from

f]degradatlon[ by flne clay partlcles Fungal hyphae and fine’ roots brnd S -

th-'the 51lt 51ze aggregates and mlneral gralns Lo form macroaggregatPS"
'(Oades, 1984; Eoster; l985); _ _ B ST

Bacterlal and root mucllages do not drffuse through rhe sorl'

w“ o,

. . ¥ Do o
R (Oadesw +984) nor are soluble polysacchar ?‘ceiglrecrl/ lnvol'/e(‘ tn* -
% L
_ aggregate formatlon (Monnler and Jeanson, 1965) Baccer1a 1n ‘the

mlneral 5011 are found in: assoc1atron wxrh roots: ana lodgtlzar ons of




e d:ganié*naeeriéi3oarewértstfaltiil9szi.”¢ T51571rmit ?the?"”

polysaccharlde role 1n mrcroaggregatlon to the 1mmed1ate V1c1n1ty of
. 8 ,

"the SDll organlsms. Grassland systems”w1th large annual turnovers of

f1ne root matqual have strOng aggregatlon; 51gns of aggregation appear

P as grasses 1nvade raw parent materlal (Jacks, 1965) The beneflt of

'fgv grOW1ng grasses Ln a cropplng rotatlon to 1mprove 3011 stablllty 1s

'i} well establlshed (gides, 1984) . ;ff:l' ”1;?;f ':.35'3}f75

2.3,9 The Mull Epipedon

'f and clay materlals, and- the reorganlzatlon of these materlals 1nto a

-

':’tfrlable, granular structure (PanUK and Bal 1985) | The dlslntegratlon

A mull eplpedon is characterlzed by "the complete dlslntegratlon 'ﬁ;
_ and humlfrcatlon of plant res1dues { an 1nt1mate complex1ng of humus BN

" -nd humlflcatlon processes are prlmarlly (though not solely) mlCIOblal,,'

?_vcatalﬂzed by a large and complex pedofaunal populatlon. :Mull humus.

3 . Yy )} 2
. _macrdstructures., Jacks (l963) suggested the analogy of the fauna

d

ﬁfformlng brxcks from thg mlcroblally produced polysaccharlde mortar

N B

*-hHowever Pawluk s (1985) observatlons %f arctlc tundra 501ls suggest 0
’ P ' %‘.;?
. ?"t mull fabrlcs may arlse ﬁrom other processes, presgmably freez
: ’ . . . .‘q -
_ oy : . : g a
-*and thawrng Further, Ah horlzons of parkland Black Chernozems have a

-

- . . e
"-j’protof‘mulls fabrlc w1thout any apparent faupal populatlons capable of

:faﬁ;

<)



'55'1985 MCGlll and Spence, 1985) and repeated penetr

“”produc1ng mu _ :
'*_materials ,,The structure may be a result of repeated reworkrng and
. . . :

: ~reconsumptlon of the 5011 materral by macro— and mesofauna (Pawluk,

1on of the 5011 by 4

'-sfflne roots, w1th thelr entourage of muc1lages. The 1mportance of

5freeze/thaw and wettlng/drylng processes to rormatxon of platy and

'”‘columnar structures respectlvely, has been establrshed however the P

. o

7T'role in the formatlon of the granular struCture of Chernozemlc Ah

i
A

‘thorizons,rsila;gelyfunanWn,r

S

'y'244IGray‘LuviSle

[

h2;4.i:Some~properties‘of Gray EUvisols'

- i . . T
. pY - B

Gray LUVlsollc 501ls are the oomlnant 50115 of the forested areas

- of theTInterior Plainsrof Western~Canada; They are characterlzed b/ a
llght colored, platy, eIUV1al A horlzon and a blocky, llluVlal B

Y

horlzon.” They do. not have Solonet21c or Podzolrc B horlzons, and are
ﬁ-,»not domlnated by gleylng, permaﬁrost, a Chernozemlc Ah ‘br organlc

.horizons (Canada 5011 Surwey Commlttee, l978) \J/f;;}t,.

. s . cee

N . . .
’ The translocatlon, by water, of mlcaceous clays as well 3? low
.A-'amoué}ts of Al, Fe, and organlc constrtuents from the A horlzon o rh‘- ‘ ?

2

. Bt is the domlnant pedogenic process ih a Gray Luvrsol ngr't and R Y

lPawlUk;‘1985b);' Annual carbon inputsjare primarily o) thevsoxl
.surface,tin the fagh of lrtterfall Little.m;king of_the organic and .
: mlneral 5011 components ccurs .a sequenca of organrc la/ere, from

“° o

N ‘- . ‘/,



m;-

£

parent geolog1c materlal Le551vage resultsr n an upper mlneral
e S .4 ~ '

formatlon durlng perlods of freeze thaw relnforces a weak platy

structure in. th;s Ae horlzon Watgr holdlng capac1ty, catlon ekchange : R
capac1ty, and orgaalc nutrlent contents are'low, compared W1th T

S Chernozemxc 50115g* To use Bal S (1982) termlnology 'Gray LuV1sols have
: : ;

Can low "buffe— @ pac1ty f IlluV1al organo clay'cutan dep031t10n and o ,;' e

freeze Eﬂaw and wet dry cycles result 1n a strong blocky structure and

Ty _
reduced permeablllty Ln the B’ horlzonp' These cause occa51ona1

o temporary saturatlon of the upper solum (Arshad and St{ Arnaud 1980).

.-o

e

o

Ce

?he surface organlc horlzons of a Grax;LuV1sol are crltlcal bo

-

thelr natlve fertlllty., The LFH horlzons regulate the movemenb of °

molsture 1nto the mlneral 5011 (HOWltt and aﬁwluk, l985b), and protect
L ' v 2 N : S
Lt from wlnd and water er051on.7 Orgagéc matter decOmp051tlon and ;;”

blOlOQlC&l nutrlent cycllng processes occur prlmarlly in the organlc

':.layers.




Tl -
.,12 4 2 Propertles of cultlvated Gray LuV1sols e
GraytLqusdls are:. not well sulted to arable agrzculture.‘;rheﬂ
; "‘\ﬁ e . : ~ A
N grow1ng season may be l'mltlng, w1th a tendency towards drougﬂ@ 1n the
o , , e .

S

'by clearlng and cultlvation.: Removal of the organlc layers and o

’fsolum to" the dlrect effects of snowmelt[ raxnfall and solar radlatlon' -

‘J_ »,

'N(Bentley et..al., 1971)

@ | SRR

Robertson and MCGlll

susceptlblllty to pulverlzatlon, cloddlng or compactlon due to tlllage, B

'4low water holdlng capac1ty, low natlve fertlllty, and low PH. buffer

N

' capac1ty as problematlc characterlstlcs of the cultlvated A hor1zon.'

.

h These result 1n reduced aeratlon and water lnflltratlon, 1ncreased

- er051on, reduced water reserve, poor germlnatlon,-seedllng emergence,

-and plant developmentm and rapld 5011 ac1d1f1catlon. The dense B-

: _horlzon further 1mpedes water transmisslon, aeration, and root

r'"

develOpment.

RIS

B

-w1th perlods of forage p"ﬂuctlon, has been found to 1ncrease sorl

. . ‘-.‘7 ‘ M
e .

.organlc matter content in the A horizon, and reduce some of rhe

N

oy Avrotationvmanagement system,-alternating annual‘crob-prbduction‘

'-’structureerelated;cultLvation;problems. dThis has been'the-recommended‘f,_

" system for oVerafifgy years (Robertson,'}979);‘and is'thercommon‘
practice togay. -The long téerm effects of such a management systen gave
' SRS R S SR AT N SYsten §2

.

S




o S R K
: TR a
L \)‘ o .
Cel Ty ST e L e e
- been studied.extensively at 'the Bretdn Rlotsg.: - »
¥, .;_

',«The total carbon content of the upper solum of a Gray LuV1SOl 1s o

. "'

reduced by cultlvatlon (Rexnl, 1984), thls reduct1on is due prlmarlly

to the part1al removal of the llttér layers durlng the clearlng

S operatlons, :and” the rapld decomp051tlon of:the remalnder after

RN . # ) ‘a

1‘£1ncorporatlon ihto the Ap. The carbon contEnt Qf a cultlvated Ap

;lower than_that of the'Aeh-“ 'Ahe horlzon,-(Mcclll et

L Howittiand Pawluky Tgesa) b

The effects of management sysrems on properties of Gray Luvxsols

vary W1th the system used The carbon and nltrogen contents of an Ap

EEL )

-

than those‘under a gqﬁ%n/fallow’rotatlon,;. '”?50 years.f Also a'

greater portfon of the organlc matter wa

‘.'blologlcally more actlve under a: system w1th forages 1n the rotatrbr =

>

7. RS T
(Mchll et. al., 1986) '<Improved aggregatlon and tllth characterlstlcs

a’ >

probably are due prlmarlly“go these factors (Robertson and Mcclll,

1983')‘1. o N . ".‘\ . S . . . » \
. " o ‘ T N “ ) ’ ° . ’ B .
'* e o . . : ;v,:j-' T LY N
. R
’I‘1].la<€e,1 ralnfaiﬁ 1mpact,‘freeze thawtand wet dry cycles, and
faunal act1v1ty are the malnrfactors 1nvolved 1n fabrlc rearrangement,

-t

{3:*W1th the effects of tlllage domlnant. The Weak, 1rregular shaped

gran1 @pnlts formed by tlllage are ea31ly coalesced 1nto a vughy
_ G

porphyrlc fabrlc by dlrect ra1n 1mpact.; An 1ncreased granlc and‘mull

.

1n”a'biological form=.ahd5ma§




tcover, probably oue to protectlon from r ﬁn lmpact, and to an 1mproved

,:»‘
N

.4‘,“-. .

thlcroenV1ronment for fadﬁ%l actiwity *‘MlcroarthrOpod populau;ons have'

.Vbeen observed ‘to’ refl@ct these trends.. More dlscretevand'strOWSly'
ue o

:;;-developed granules were observed 1n fertlllzed plots, probably

1mproved plant growth and therefore 5011 protectlon, as Well as

11ncrea§kd organlc matter content and mlcrpblal and faunal act1v1tles

Lt

iy 1980 N Berq and Pawluk;b

ol , SRR

2.5 Notes ‘ L j*i' N
BN ?' R . jgrf- AR
l_. s s R ' L R . y o

Two tibles o mentlon earthworms.>:Fdster et al (1985) suggested

earthworm castlng may 'efused as an lndlcator of 5011 fertlllty statuS“f
in Western ngerla, and’ Llnden (1985) -showed - the effect of two worm - .
'spec1es on Water" anflltratlon 1n tllled and.untilled continuous corn.‘ﬁ”
‘Also, one of the papers of thé” Amerlcan Society of Agrenomy suggested
'the ‘dse df'an ant colOny :as a’classroom 1llustrat10n of faunal
hpeaotdrbatlonf(Sohuster;et a;., 1985) ' :

o "\v}

Humusform
nor even to‘

5t

.mlxed of comblned W1th -one another yIn Lerms ot rRe
?Homen;lature 1t comprlses more or- le@s ghe 'llVan'-A

5011 and th v o o
1955)':*w1;7**f!ﬁ ren ;,; . ST - ‘..n Cooh
A - I S A e
Note t?ﬁ to queman,' in practlce, soxl"'refprs ro ohe mrn«ral
.layers only Th s tendencyufor agronomlsts and agronomlc ecologrsts L0
"see ‘the organlc géyers d& "on" the. soil adds Lo ‘the:’ mrsundnr rand.no."
with the: 2001091S¢s, ﬁbr Whom ‘the term "“orl" is practloall/ synon(jo
“with "humusform” DA ‘ L

Y

.
1

. A
Ty
. A S i R
Thls is strlctly part of the: primary, rather than’ rhe derrinus food

.Cchain. Crossovers bghumy the foodchains are common in aOlL, due to

o o F o | R .



.. which: feed.on fauna’ from either,

*faunal aﬂd mlcrofloral spec1es wh1 may feed in both, and precators
. . s-1is another example of . ecosystem ﬁi"
'<r951stéﬁce roic¢lassification, probably the prlmary dlfflCUlty of. _j.';» o

‘e'ecology. v(See Macgadyen, 1975 ) RN e R

: nsf Pawlhk (1985) déscrlbed the fabrlc of the upper Ah of a parkland
‘_Chernq@emlc 5011 ‘dx ‘a "proto " mull because of "the presence of dlverse, .
discretéd, poorly homogenlzed units of soil material" (whlch) suggests an s

* f1mmature or pero’ staqe of mull development"' . e

P
'




v

The 51te of the fleld research 1» se‘; N ese ot WLnrleld,

-

bAlberta (Sec. 8&9 Tp 46 R 4, W 5), on a/gfou33%§ raxne deposrt (Sylvan
. - 'Q‘ ! '
Lake Tlll) with undulatlng topography, at an elevatlon of . 900m (bmlth

and Glll, 1974) : Average summer and W1nter temperatures for rhe reglon‘.

>;are approx1mately 13 8 C and —8 6° C, . respectlvely Average a

.‘\.

:prec1p1tatlon 1s about 440 mm, with 60% (265 mm) falllng in ti‘umonth,

';.Aof May through August, and 23% (100 mm) 1n_the-months oﬁ'November

.

P
"'through March (Llndsay;et al., L968). iy S .
N - R : . 5 : .o : 2

The native fopest vegetatlon in moderé@ely well dralned locatxong
. : o ) i
15 domlnated by Plcea glauca, Populus tremulOLdes, and'P balsamxfera

- . -
N "

Some smal}er Salix spp._anq-Betula-papyriﬁera also’ are present,g The,

s . ) " ¢ . . . 3

‘understory is~dominated by Rosa aefcularg§;‘Epilobfum:angustifolium,f

<. . S - . . .
and Calamagrostis canadensis. 1In .poorly‘'drained areas Picea martana,

“-Larix laricina,.and Sali% spp. are the dominant.tree species, With {he . éi

1ower-stratum'éominated by Cglamagrostis canadénsis and Epilobium

[N

: angustifolium, or by Carex spp. : . T -,

The western part of the gtudy area is native forest (Figure 1).

g . . ' 4 S ) .4 . . .‘ " p P ‘
) The remaind®r of the research area is divided into fpur agriculrural j -
fields, cledred QO to 69 years®ago.
- . AN

xThe‘two southern fields, whichfbelong to Mr. A, Bukkems, nave besen

F _ : . : ™

1
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g_,_.H

b"managed 1n a forage graln rotatlon system typlcal of the agrxtultuze otf

.

btthe reglon.. At the tlme the freld research began (fall 198“) these nadf

-

R . -
'}pbeen 1n hay crops for three and elght seasons, and are referred to Ln
v : /

¢

’;,thls paper as Fleld 3 and Ff@ld 8, respectlvely . Fleld 8 was plowed Ln

‘vthe fall of 1983 and seeded to graln the follow1ng sprlng;]Fleld 3 was

T
EEERY

"‘plowed m tHe f£all of 1984 v NG
The forage crop on the Bukkems' flelds was a mrxture of Phieum

e . . . ™ -

'gpratense,'BromUSglnermls; Agropyron'repensd POa ptaten51s, Festuca f

I3

f_rubra/ and Calamagrostls canaden51s grasses w1th Trlfollum repens, I;

'-4.v . . . . s v - . .
; oy e .

“:pratense, and T. hybrldum legumes.j Weeds' present_lncluded Taraxacumiidﬂ"i

a AR Y R .
) . - - ‘a

”offlclnale, Fragarla v1rg1n1ana,,Carex spp.1 Arnlca spp., and EquxaetUm

-.vr'. ¢

. ‘The'remalnlngftwo flelds argya;part of the Hendrxgan-farm.flzThese

'x_'had been 1n contlnuous forage, w1thout cultlvatlon, for 26 and 49 year°7

”.(Flelds 26 and 49,_respect1vely), aE the tlme thls research began The: :

o domlnant grasses Ln the Hendrlgan flelds are Poa pratensas and Festuca ]g

D

'rubra, w1th a Phleum pratense component pre:ent A 51gn1frcantp'"

'ﬂﬂpopulatxon of . Trlfollum repens is ma1nta1ned by. annually broadCastlng

the'seed’at a‘r@te.of one_kg-ha l..-Commonly~€ound weeds include -

Taraxacum fo1c1ana1e, Achlllea mlllefollum, grOpYron.repens,-Fragaria;ff'u

. V1rg1n1ana, and Equ1setum spp A few small poorly drarned areas ot

:-these flelds are domlnated by Carex spb. W1rh Phleum oraten;r and,

'LJUncus.tenuisrpresent. "e7f‘ ‘ :;tfﬂ '..~-'. S T ST
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3 2 5011 Descr1pt1on

often the Ahe 15 absent.f_

”;thlpk

LU

'~91_cm;,.;“*

\3 3 Physical and:Che%lcal Met“ ds FI'g;lijffé?;_f

)
&
-~

L . o

: N
Euk%éms flelds, and in th}

gl

¢ One th was dug 1%.each of the

1; 1 cm: iamete’ to a depth of 60 to lOO cm,
Ln oL . S .

; depending on amqnnt of compactlon observed Three sets‘qf'three cdres

ﬁorest._ cOres W1th1n a set

e, -

/)The flrst core 1n each set was'd”'
. ‘-Q.. . . PR
éWdEEd f r horlzon descrlptlon and de51gnat10n, and then sampled by
Sy

N Lo



: Tdble 4.x'Soil'profile descriptlons;ﬂ~“‘ B

- . e S :‘ e . '.l'.

Descrlptlon of a typlcal moderately well drarned Orthrc Grav:f

Qf Luv1sol proflle, from the. research srte, W1th notes on varrabrllty..'

‘ ERERENCEE — R 7. e —
fzﬂ:L,,'],ld - 6 ¢m. Undecomposed and sem1 decomposed poplar leaves and
g "lspruce needles few to plentlful f1ne roots; ?llghtly acld

.+ FH. -6~ 0'cm:‘ Black (lOYR 2/1 m) decompbsed leaves and needles,

’ ‘ f»frequently 1nterlayered wlth fungal mats;,- and flbrous to’ matted
_ ' -organic matter, with silt. grarns in lower: horlzon abundant very
“;‘; »flne and fine random, and plentlful medrum random roots clear
T smooth boundary, medlum ac1d o _ S
. e A

Aﬁé-f-O-— 4 cm Dark graylsh brown (lOYR 4/2 ar; loam granular to Weakﬁ_"‘”

“medium and coarse obquue roots clear smooth boundary, ﬂ ro B,cm.}'

,’,—\ jplaty, loose to friable; plentlful very glne and, fine random and

» tthk' strongly ac1d ,:‘_

T

'Ae,f'}4 - 18 cm. B nght gray (lOYR ?/l d) ‘loam moderate frne glaty, j@

,\-"

A ‘very friable; few te plentlful very flne -and frne random and ,
ks i _»horlzontal, and few medlum to coarse obquue roots; clear smoo:h
Flon ’boundary,v§ to 20 cm thlck strongly ac1d ot R .{-eﬂ

A 18 - 125 cm. . Dark. brown (1oya i3 m), YellOW1sh’brown (1om s-/4
Soooddg clay 1oam weak platy to moderate fine subangular: blocky;
firm; afew random roots; 5 to 13 cm tthk ot absent very strongly
: vac1d ' : : T

jB‘tf'l'-.fi'z's S “c'm' “Dark brdwn (10YR 4/3 m); clay; strong fine EQbmedium

’subangular blocky, f1rm ﬁew f1ne to medium“rdots, between ‘peds;g .

o\ Yark gray (lOXR 4/l,m) lay skins on ped. faces; gradual smoorh,, o
boundary;vltho'Zﬁ Ccm tthkL very strongly ac1d o ‘ :
RERIS A
'Btz 41 - .58 cm. Dark broWn (lOYR 4/3 ‘m); clay,-weak pr1$mat1c
- macrostructure bredking to, strong medlum subangular blocky
_'mesostructure firm; few medlum roots ~dark gray (l10YR 4/1 m) cl'y

f skins along cleavage\faces gadual smooth . boundary, 10 to: 29 cm’

: fhlck strongly ac1d :

[P

"BC Vw'58'- 65 cm. Dark brown (lOYR 4/3 mj? clay loam; weaklj prr°marl<
: Tto amorphoqs plastlc gradual smooth bOundary, 5 to- 24 cm Ithk
‘present only:on deeper profiles; strongly acid tq sl1qhtly a01d

-f‘WLth depth ‘ L : 'x_.' S s & e
k| 65+ cm. - Dark brown (lOYR 4/3 m) clay Loam; amorohous,,pqs ic
7 Wweak to moderate effervescence dep'h to Ck‘varles from. 42 £W¥91 .
Cem; mildly: alkalrne ‘ ‘}I L
o T
iy
v ° .

n

T
B L

”vd_..



'ddTabielg; contlnued
.g.:brﬂ'oescrlptlon of the cultlvated hOtlZOnS of the Hendrlgan flelds {-C“i
(Fleld 26 and Fleld 49) - Do . . a

;'Turf 3 - O cm. Very densely WOVen f1brous mat of undecomposed and .
partlally decomposed root materlal, with: fecal: and humlc materlals
-and’ some mlneral .grains’ between flbres, concentrated at’ lower ’
depbhs Small horlzontal wedges of mlnefal soil’ occasxonally .
C , found near the lowéT boundary Abrupt snooth boundary;_z to: 4.cm.
’1_;°‘;3 tthk strongly ac1d 2 . - LT

’ 3Ap'j 0 -'ll om. 1ght browh1sh gray (lOYR 6/2 d) to gray (IOYR 5/1 d) s

o “loam; flne granular .to weak coarse platy, very friable to ‘loose; '

] abundant very flne to fine random roots,_most abundant in upper ,' _
S horlzon abrupt smooth boundary, 8 to 15 cm.thlck strongly acrd S

ﬂ';;Note'" The remalnder of the proflle 1s s1m11ar to the forest p[Oflle,
';'_w1thout the presence of medlum and coarse roots ',a_‘- : :

A c.' Descrlptlon of thé’cultxvated horlzons of the Bukkems flelds
-_(Fleld~3 and Field By . o e

»

f‘rTurf 1 = 0 cm. o Densely woven flbrous mat of undecomposed and partly

PR adecomposed root material; with fecal and humlc material and
.“,._:~gﬂ.m1neral gralns 1ncorporated Intermlttent in' Field- -8, not present
i _~.;_151n Fleld 3 Abrupt smooth boundary, strongly ac1d IR

e

S Ap 'v0 - 19 cm Gray (IOYR 5/1 d) to dark graylsh brOWn (lOYR 4/2 d),

S with pockets -0f ‘light. gray (IOYR'7/1 d) Ae . materlal loam s fine

g ;granular frlable, loose; abundant very flne and. fine random , V; IR

) . roots,: and plentlful vertlcal ‘medium roots;- partlally decomposed ‘ : .

“00 . turf material. -occasiqally found &t 8 to 10 cm depth;”abrupt - e

“-_smooth boundary, lS to 21 cm. thlck strOngly aC1d ' EE v o

'1:Note The rema1nder of the proflle 1s 51m11ar to. th forest proflle,“’."‘
fwlthout the presence of coarse. roots ~The Ae horlzon is typlcally '

“absent due to depth of cultlvatlon SRR §

o3




chorizon and”air‘drledv The remalnlng two cores Were sampled by thlaOﬂ
: IR TR AT :
for bulk den51ty assessme.; 'Matchlng horlzons from'the three cores

hyﬁ-iﬂ@re bulked for total carbon, total n1trogen, and_
L : o B PR A

'*;ﬁ ?i‘

ty analyses._ o

‘Incaemental depth 5011 samples Mere taken ‘in August 1983, to show
. . + N . . s

the dlstrlbutlon of 5011 carbon 1n the organlc and upper mlneral

~

layers. Samples were taken from’ﬂ%wt locatlons from each of the
.hﬂendrlgan flelds anﬁKfrom the fogesg. Three cores of mxneral sorl, 4 8

”cm 1n dlameter, were taken to ‘a depth of 6, 0 cm, subd1v1ded 1nto four
: . . . ) . . K . . . .
“1.5. cm 1ncrements, and bulked by 1ncrement, at each of the sampang

';locatiOns;' Slmllarly, the organlc la‘prs Were sampled uslng a 7 5 tm

o . ..

~.d1ameter sampler, three cores per sampllng locatlon. .These samples~

'were,splltilntb dpperuandulowerghalves and,bulked bymlocatlpn;f'Total’Tlik o

‘' .carbon analyses were done on these %Emples}

o
In October 1984 surface horlzon samples were:taken from Pleld 49,

e’j;“Fleld 3, and the forest, for determination‘of'biomass. Samples-of hhe

v : -

_~Ap horlzon were taken from ten locatlons from Fleld 3 Turffand Ap

PR

gsamples were taken from ten locatlons from Fleld 49 and’8 LF FH, and

surface mlneral sample sets were take@}from the forest These samples’”
. - ' . . e i
gWere kept at 4 C. untll fumlgatlon could be carrled out.:. v

¢

3 3 2 Bulk Den51ty

' 8011 horlzon bulk densxty was. calculated as:the’ mass of an oven. -

P-4

“n

dried core.sample fmeasured'to O.l g).dlvided byithe_prOduct af the + o

P [



o T R B RITEE S

: sample s length (measured to r mm) and the area of rhe corlng tube_:j; g'j,-f

,(1320 mm ) 5011 compactlom erlng the sampllng process 1ntroduces a

.
.

“119051t1ve errOr in thlS determlnatlon Thls error was mxnlmlzed by

~

' ;sampllng when the 5011 was qulte dry and less apt to compact, and bx :

virejectlng thOSe cores W1th 51gn1f1cant compactlon..v Zd‘kh e Co e

3.3 Acidicy | Tt e

g

1

S

.'Mineral:soii7pﬂ"was méasuféd»in*a.oroim,c5c1;'éuspensioﬁ, u51ng
UVGupllca;e soxl samples (ground to 2 mm) 1n a 5011 to solutlon ratlo of. :

LN

-g“;l 2 5 (McKeague, 1978) Organle samples, ground to lOO mesh in- a

'?_;Slebtechnlk laboratory dlsk mlll, were- SUspended 1n Cacl2 solu;;on 1n15n]i‘

R 5 Sdll to solutlon ratlo, also in dUpllcate POtentiometric3VV'

surements were read fromra Flsher Acumet Model 630 pH meter,.j

B n3;3l4'?arficietSi;einnalysis_:m

: ..luone‘brOfilehfromueach.of_the four flelds and”one.from”the foresff'l'l':.
’"u{wasvchosen for partlcle 51ze analy51s.of the mlneral horlzons" Slngle l"fd.'
vasamples‘of approximately 40 g a. d were suspended in lOOO ml of Calgon;mf;o:‘
 hrsolut1on, as descr1bed in McKeague (1978) Readlngs were takem (uslng'.
H"»an ASTM Soxl Hydrometer Model 152H, at 20 C) 30 seconds, 60 seconds and

o 8 hours atter suspen31on, correspondlng to. partlcle dlameters of

fapproxxmately 75, 50 and 2 um, respect1Vely ’.;1’f”7}o




Y b u * -
"‘*3.‘53.5'To'ta‘l.‘ca:'bbr‘ir;' S S

Samples for to;al carbon analy31s Were ﬁlnely ground 1n a . p
.. ® . o e ,.’

' v Siébtechnlk-Lanﬁf'f;’j ‘ The carbon analy51s was by dry

o

2

d combustlon, uslng ;ff-co Carbon Determlnator, Model=CRl2. Carbon L

sentages Were recorded to the nearest hundredth of a percent.

.~

. S a
R

ifrogen O

Flne ground 0 S g mxneral samples and 0 l g organit samples Were

.7.analysed for total nltrogen u51ng a K]eldahl dlgest apparatus, wxrh

-

kelpak (K SO CuSO ) as the catalyst and OdelZlng agent -The nltrogen"

e

present was complexed as ammonla sallcylate, and determlned

’u

colorlmetrlcally us1ng a. Technlcon Autoanalyser (Technlcon Industrlal

Method No. 37_6-7BW/B.),.‘-- T

..

-0

L R L
©3.3.7 Momass by, Fumigation.Technique -

'_Jenkinson‘and'Powlsdn_(1976f,invented'aitechniQue'to estimate soil’

. biomass by chlorgform fumigation., A modified version of this technique

IWaSAQsed‘dn;the fall f984dmineraI'soil samples. Four.replicate 25 g

.

_sub—samplesffromﬂeach*sample uere'incubated at field moistire content

w g

(approxlmately fleld capac1ty) for 12 days, two repllcates thlng ‘besen

4.

fumlgated prlor to 1ncubatzon Carbon resplred was collected in 0 25b

. Bl u
S i -

_rlk . . .
51ng phenolphthaieln lndlcator.: Soxl m1nera1 nxtrogen was r~xrraCted

o




e . L

.‘[',-_ X S
. o .

'"rfrom each sample qg 2N Kcl Ammonlum-sallcylate complex was formed

'from the NH and determlned colorlmetrlcally usxng a. Technlcon

4 BEE

7,Autoanalyser (Technzcon Industr1al Method No. 334-74 W) Nltrate Jguj o
G' . (2

B

fconcentratlon also was determlned by'hutoanalyser (Technlcon Industrmal o

"Method No.,487 77A) Carbon agd nltrogen flush values were calculated -

] ) ' C 'H.ﬁ»
".as the dlfferences betWeen fumlgated and non fumlgated sample values .
'_for resplred carbon and mlneral nltrogen Lo S

53 4 Soxl An1ma1 Populatlon Sampllnq‘nethods
:t3 4 l Mlcroarthropod sampllng methods vv'{_ v_ ..Tf“n - “ti T 5.

5011 mloroarthrOpods were sampled at four tlmes in- the summer of

-

"5‘1983, between May 17 and August 23 1Three to’five~s011 cores-(9,0‘cm o

i long by 4 .8 meln dlameter) from each fleld and from the forest were

2.

:_tfdlvrded lnto 3 cm segments and piaced in. a Macfadyen hlgh gradlent : nlil

xtractor for 5 days.» Anlmals were collected 1n ethylene glycol and

. ' .(/nw' .

‘stored;' Collembola were enumerated as Symphypleona and Arthropledpa
and Acar1 were'enumerated as orlbatlds, Gama51da, Actlnedlda, and

aunrdentrfled Acarl Othet organlsms (commonly Staphyllnldae and

Y

) Dlptera larVae) were enumerated as . a group , ief:' ..j-

L3 : . : o . . . [N v

-

- f‘3 4 2 Macrofauna Sampllng Methods L ;:;‘_,ﬂ

. ,,.,

Larger arthropods and annellds were sampipd- ?hand from 0 125 m

sorl samples, at three sampllng tlmes,vln the su mei of 1983‘5 Two

:ff'organlc sorl samples and one mlneral sample to 20 cm depth were tékeﬁ‘
' , . N o o

e
- o .



} o

‘from each stand and from the foreSt at eacg sampllng txme, except trom

_fFleld 3, Wthh had no organlc layers. Two samples to a 5 cm depth and

oo

$ffone from 5 20 cm depth were t%ken from thls fleId at each sampllng
:t;tlme.;:Spiclmens Were stored 1n 70% ethanol, and ldentlfled., Some:

spec1mens suffered damage due to drylng, and cOuld not be 1dent1f1ed

L

Ty S ;‘f*‘ o BRI C o S e Rl
/. - : v - 4
3043 Mlcroscopy and Identlflcatlon oy
. Lo g 'x- [ETA - . X
Selected spec1mens of common mlcroarthropod spec1es were
: : .« 3 A

ft..-dehydrated u51ng sequent1a1 %thanol washes of 1ncrea51ng concentratlon,,

.e'were drled by crltlcal p01nt drylng, nd examlned w1th a Cambrldge
D LAV TR ,

'Stereoscan S4 scannlng electnqn %1croscope. CommOn gama51d, actlnedld:

'and acarldld specxmens were mountqd on mlcroscope slldes uslng Hoyer s

‘ e
‘ _Medldm (Krantz, 1978), and sent to B.-B LlﬂqulSt, I. Smxth and K..

th respectlvely, of the Blosystematlcs Research Instltute of Canada, -

:

:for identhlcatlon. Or1bate1 and Collembola specimens were 1dent1f1ed

ljln 70% alcohol by V. Behan Pelletler of the Blosystematlcs Research

P

Instltute, and J A Addlson,‘of Toflead Alberta, respectlvely

n for vacuum

from Field-3,

e

'aprepareddfrem‘each ;”.'



.i?ieldté;.éﬁdfaé;fgéiglfggﬁ;pigidszﬁgyhThln'secglon"descrlptlon‘Was?;
'.;'é.ég_:}}.rain'_g to the “torr inology of BreWer | 1‘_‘9.6:{,,; 1979 oo Lnl
q.'pn-Unxforlxty and Statlst1¢a1 Interpretat1on:" o | '
“A- fundamental assumptlon of"hls study is that, before"»liclt:
ultlvatlonﬁhthe s01ls of the ac;acuiﬁural flelds ab‘the research srte“h

o ' R A '
,ware 51m11ar to the current fonest 5011 1n those parameters belng
g'COnsidered.f There are two a*mects to thli\assumptlon- flrst, that

-”there is no; 51gnlflcant w@at1ally dependent yarlance across the-

freSearch 51te, ana second, thatﬁthe forest,501l has not.changed- :
o 51gn1f1cantly in the years 51nce the adjacent flelds were brokEn Thé '
L . : - . i “‘ﬁ&;~‘
- second 1s valld 1f one aVOldS those areas of forest whlch have been

. ,‘,r./"' .
’ ;anthropogenlcally dlsturbed,'and those parameters whlch maé respond to

;A;any p0531ble changes to the local groundwater system Wthh may result

”fromaagrlcultural.act1v1ty The flrst aspect of the assumptlon

 requires more attention.

<

- w ¥ . ¢

8011 parameters are spatlally‘hlggly varlable. This.variation isp"

’g observed between samples taken in close proxlmlty, larger landscape-fgmﬁf“r'

~ R

"r

?related variance trends also may be’ superlmposed on tge local
'f varlatlon.; Slope.po51t10n and‘aspect, mlcrocllmate, surflc1al geology,
‘grQUndwaEer'reglmeS/tand;past‘yegetatlon hrstory»are landscape-
seharaqterlstics-which_vary spatially,'andvaffect_sollvparameters.

4

. “An agricultural'fleldbexperiment designed to study_dﬂ@?}rencesc




- : . : C o e : .
‘g‘between treatments must be able to dxstlndulsh treacment varxante trom
: -8

‘."501l'spat1al varlance.‘ To do th-xs‘treatments must be re‘ollcated in a'

M«e

vlf'spatlally random manner.' Varlance~w1th1n a"lnqlgf5

Tghtment plOL is a

b 53 . f
. ua ' Sl IR
Analy51s oﬁlvarlance is ‘the statlseﬁ%al method most often”&seg to

& _
o »

-v'dlstlngulsh these varlances, adgwdetermlne whether

ﬁdlfferences ex1st between treatments

An unfortiunate ¢ apteristic of the research site of this paper
is that lt 4¥as not o;”ginallwedesignedfas & research site. (in the~:
..1930° s ML .. Hendriganfwas'morejebneerned;with economic survival than

<

'wlth statlstlcal method') While variance'wrthin a piot'canubei R sk
-;estlmated for a glven parameter, p0531ble 51gn161cant dltferences

RN
9 °

between pldﬁ!‘due to landscape related 5011 var1ance cannot be
dlstlngulshed from treatment 1nduced dlfferences, because of Lhe latk
: 4 e NN
: of randomly dlstrlbated repllcate plots To make observatlons,about».
treatment_effects_one must“assume-that spatially3dependent Variancp'

acrdss thegfesearch site does not interfere significantly with 'the.
. A ., . T . -

'treatmentﬁ'fw
. . . - ! ‘. .
»Tquminimize-the effects of landscape related variance 6n~th@.” ;
.pbservatiens of'this,eiberiment,.sampling within"fields was limired lﬁ
.much-as b&ssible'to upper ana miq slope_éosftlons;:wlth‘good.tb
mpderate drainagef At the same:time‘the'uncertalnty remaining in £t

~ ' ’ -

assumption of insignificant spatially dependent wariance petween fielas

'



. mustibe recognized.
.h' Analy51s of Vatlance qu used w1t’
. : S - . Lt \\ ‘,.’ B .
.Tsor Student Neuman Keuls' tesés when the'ﬁ—h?ﬂéﬂﬁﬂus siganlcggF, to
SR ) P
_determlne 51gh1f1cant dlfferences between.?eans, w1th 95% conflghnce.
- 3 ~ ' "
The SESS and SAS stétlstlc%l packages were used for these analyses.‘ o
: - _-J . N S -
. . = . Booa A
B4 By B AR {
. ,\ x ‘l): X T .- i -".'. | ) “‘5‘
3.7 Notes " T ‘
i RN o . - ) 2 B =
A B The late Lou Hendrl s farming phllosophy and system are” &
”“descflbed in an;artlcle T. Hockaday, "0ld ideas that. still work%, in. , -
'{ Cattlemen, June; 981 -J; :,5 L L DA ‘

-

'"Q} : ' thls caSe varlance is not/belng analysed, strlctly speak1hg,7
‘since spatlal variance ‘between tregtments’is not dlstlngulshed from
"treatment effects.v The: alternatlve of d01ng multlple unpalred t-tests,

rs no. more’: valid statlstlcally, since an ‘unpaired t- Eest As

maLhematlcally 1dent1cal to a one way_ analy51s of variance WLth two. © -
" LS (thtle ‘and: HlllS, 1978, p.39).- While either method will

estlmate“whethe{ means dlffer, neitherscan say why. Analysis 5t

variance is. easier to - ‘carry out,. and less apt-, to result in type 1
‘a“errors, ‘since. fewer comparlsons are permltted ’




RS

.4.h;lll Results .
e'SOils of the're s1te have’agveloped in moraxnal maLerxal"

l_of clay loam texture, W1th 34 to 39% sand 26 to 28% sile’ and 33 to 38w

clay in the c horlzons (Table 5) Illuv1atlon has ‘bsulted in BLf’“'

horlzons w1th 38 to 45% clay, Ae»clay coptent is 16 to‘27%.

Particle size analysis data in Table 5 are from single cores,

:therefore statistical comparison OE fields is not’pOSsible. The -
% o : o

_unlformlty of the parCLCle 51ze dlStrlbUthnS of 51m11ar horlzons (in”

- "

‘partlcular the c horlzons) supports the assumptlon of unlformxr/ of rhea
research site previous»to&clearing and cultrVationh_ The hxgh clay

content measured foﬁfp@e Forest Ahe~hofizon.(40%),‘and the Field-26 Ae

o= 1y

horizon sand (21%) and £th (63%) conteﬁcs are anomalous, and may
2 : : -

eflect a thin lacustrlne veneer.-'
&

The forest ordanic horizons were of.course absent from the o

s - . = . . i L)

cultivated sites. Field-3 had no rurf herizon; .in Field=-8 & nwarly

c0ntinuoqs‘turf of‘varyingpthlckqess{had—developed. Field-26 and_-'
Fieldi49 had continuoos,>Ver' cough}'tightly wovep tuff hornzoos.‘;The
turf of Field-26 was anvaﬁerage of 2}4.ch“;hick; Fleld-49 nad a3 -
slgnificantly thicker 3.3ycm turf, :

. AR R
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Taqle,i g Particle sxze ana1y51s for mlneral Horlzons 58é§ui€é"
Erom flve core samples . : ST

btand g?rlzon :; :'%féénd:u;; % siit,t : Zﬂ%-ciay1_v'? F ,“wa f‘

.1
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3 centlmetres tthk often the Ahe was absegt (Tables 4, 6) The Ae:5-“”'j"

'Nhorlzon was an average of nlne centlmetres thggk' thlcknesses of frveff

e . . LT -

Some forest proflles 1ncluded an Ahe horrzon as much as erght

.

..\

{to 20 cm were observed The AB horlzon was an average of lO cm tthk.:v -Lf"x

', The Ap horlzon thlcknesses of Fleld 3 and Fréidﬂ? ‘re 20 and 19

| ¥ G |
om respectrVely (not 51gn1f1cantJy dlfferent) whlle‘thgr p horlzons of
l . ' ¥ .
-‘Fleldv26 anduF1e1d—49 were”srgnlflcantly thlnner (ll cm) The Fretd 76
and Fleld 49 mp horlzons were underlaln by truncated Ae horlzons, whrle __.'1

.b0undar1es of;all Ap,horrzons.weretabrngt andfsmooth:~'.vl'

the statlstlcal 1nterpretat10n of the soal chemrstry data..:In‘the.v'

orlglnal Ae, and were underlain by a truncated AB horlzon.: The lower L

bhe Ap horlzons of Fleld 3 and Fleld 8 usually rncluded all the

RS
; ¥ T .o
1. .

T
The Bt horizons had thickresses.which'wére variable and were’not .

o2

" “found to'be statistically different among fields. =~ . . =T

o goo .
e The dlfferences 1n horlzonatlon between 51tes cause a problem ip e

‘s, =

R Cd e C

t'_ analy51s of the Fall 1982 and June 1983 daLa,-jpe Ap horlzons were ,;..v :;sh'

compared W1th the forest Ahe samplesh although they 1nclude materxal 0

' from the Ae and AB horlzons as. well Forest m1nera1 5011 samples‘taven'ﬂn S

e . . E L

~in October of 1984 1ncludedaboth Ahe and Ae materlal, whlle rhe forage‘;;f

,stand samples were from thertotal Ap horlzons.thowever, ‘the deepp[ Ap. - o
\horlzons‘lncloded ahgreater.beroentage of Ae and'hB horrzonlmaterxall :i;
‘u”vtth'-a-n'- »dv:idf -Fhe s"h:a'nw"‘? ~??’°_¥129ns.._"‘-"“.2"’-", e BRI :
%" J' S .;ég e f;frfdiendghit . r ;
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4 1.1. 2 Dlscu551on'j L N u

~In, recent years, thh heav1er machlnery, Mr. Bukkem§ has tended €b ,,7f

n_éhltlvate the 5011 to a. greater depth than was practlcal xn the f\rst

' halfzaf thlS century ’ The effects of thls, and to a lesser exé@nt the ﬁ} K

_egﬁects of compactlon w1th time under a forage stand were seen 1n th@

.dlfferences of depth of Ap hbrlzons between the Bukkems and Hendrxgan

.

flelds. - ' - ’ } . ‘ Xy ‘. ' ‘ "\'

o

in Alberta, Rélnl (1984) f@und\a mean: Ap horlzon thlckness in f' R
T e - el : Lo

e,.cultlvated Gray Luv1sols (from seven 51tes) of 16 7 2 .7 cm., Adjacent L

In survey of changes 1n 5011 organlc carbon due to agrlcuLture

'natlve 3011 LFH and Ahe horvzon depth wae lO 2 6 3 cm, rn the Rernl ";J, o7

(1984) study '_ S

R ~

The orlglnal organlc h zons developed under foresr ngetarlon y‘
. were destroyed by clearlng and 1n1t1al cultlvatlon offthe fleﬂd Sltgs. S
i Organlc re51dues not burned 1n the ciearlng process presunagly have.”'t ' f?{;
:n oxldlzed orlhunrfled in the 1nter1m.: Faequent c:dtlvatlon has:

ST RN
S

g prevented the burldup of‘an organlc horlzon Ln Fleldr turf horxzons,
. . d

preV1ously ﬂormed in Fleld 8 also were destroyed by cultrvatrbn durzng

graln productlon cycles E o F& L _, - : - : ‘

_-‘.‘.

It 1s nOt expectec that cultlvatron and surface vegetarlon‘“”'f

Je

dlfferences would srgnlflcantly affect the thlcknesses or the Bt

erfthf?zoﬁSﬁwithin;ﬁQ'YeéFs 1f drfferences had 5#en observed they would




‘'may esist, given the variances observed.) = ",

J3;4 1. g Bulk Den51ty *’v"‘__

v4 1. 2 l Results ';;“';'.ru o T h{j 2.
.f Den51ty measurements of the turf horlzons were hlghly varlable '

t

'(Table 7), because of 1ncorp0rated m1neral materlals and, n Fleld 8,

e

.. ‘o,

dlfflculty in maklng volume,measurements due to varylng thlckneli o
for

w1thin.individua;-samples; The estlmated den51ty of 0 38\Mg m

\\'

hth{s?tutflprObably waSQinaccu;atefﬁ.Thejthycke;~tu:fs were‘s%milar:}nfﬁjf

AN . R Lo LT R S, " Lot . ‘C"‘O',

dehsi‘ty‘jﬁbf"t‘he’ fo_r”és‘t'; organid'Ahdf'i~z,di'is.-’->'(‘f‘igjﬁ.te.‘ 2; densities of L,!F,

o

kL 4and H horlzons were not measured separately) -'i wg f\lff -

‘l' . ' "A

-

on

U The meaﬂ den51ty of the forest Ahe horlzon was l 13 Mg m 3,f£he;A¢_L,

- S8 L e T

‘i:was 1 48 Mg m. %.; The.Ap-horlzons had:meanfden51t1es.o£ 1;18“ l;29;fa”"

SRV "“'
"'_1 37, and l 22 Mg m’- from f1elds 3, 8, 26 and 49 respectlvely The

A’

'“.den51ty of the Ap horlzon of Fleld 26 was slgnlflcantly greater than . :w

‘ "\" R ."'a ( - '_ [ T

’-«”'x‘.-_-. I . e -

. . .8

The typlcal undlsturbed forest proflle had contlhually 1ncrea51ng f;p!v

l/' >

501} dens1ty W1th depth. to.a den51ty of about l 7 Mg m 3 ‘in the Bt

..’

3 the horlzons 1mmed1ately below the Ap horlzon.‘,

and than the Eorest Ahe horlen.,m,-'b '

2'..

fand=C horlzons., The cu1t1Vated prdfllés had a mlng} dens1ty peak 1n {:f-:
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4 l 2 2 DlSCUSSlOn
The Ap horlzon denSLtles reportﬁd
in theﬂliberatqre. | f '
o . j' ‘\w ".a ) . - . \ .:‘ o
l. 0,1 Mg m from Gray LuVLSOllC sltes.¢ TheJmean.densxtles oE the EER
Br\ ton - plot Ap horlzons (on Gray Luv1sols-af&er more than 50 years R i);jf
’ .‘~... v\ g e e - ' - U y
under a 5 year: hay/graln or a 2 year wheét/fallow rotatqon) ranged froq& Rfi’j.
1 30 €0 1.37 Mg m (McG111 et al.,.l986) L
0 g »' . "f ~ .‘., . ‘
»%‘~f‘” : - b e
. . LS e e _9“1 o l-,:-'.."' d ' . . B
R N O ; L i ff ARERERS "

A number of“féctors may affect the dens1ty of a 5011 »7_;n;‘ﬁ”rr'ﬁf

I

u.\-‘ g

' LR
. Kl A R

x.- ', . .
weatherlng processes may 1ncrease dens;ty W«A thlck turf hor zan mrgh(

da.:
St L ""“’~'~
IS

trafflc, gra21ng ana wea;herlng

b
i ‘“.

nave neen




’:Q%ounteracted at thls depth by the loosedlng effects of root growth

compact;on durlng samplung,'thls/
3 o .
; e »
',Q90551b111ty is supported by the relatlvely hlgh standard dev1atlons of 0

Afthls peak may be ‘an artlfact of corey

) i

A.L3seilpr Bl T

' 3&1 Results N s

'i'w, 8011 pH was measured/1n Cacl2

»recorded in Table 8 (Flgure 3) are about one pH Un1t lower than those

‘Wthh mlght be é&pected lh dlstllled HZO' The thrEe turf,horlz6n3'were ' '1f;

solutlon, so that the values R o jj

L4

«

B 51gn1flcantly more acxdlc (pH 4 6 to 4 7) than the/forest organlc Vs
. W . S

’horlzon tS 4) The Ae horlzons of Fleld 26 and Fleld 49 also had a". T,

1 _ 4 ﬂ .

,'sxgnlflcantly lower pH (4 6) than the forest Ae (4 8), however these .

wvalues were s1m11ar enough that thear dlfferences probably are not
<

’O' e . ‘

zlmportant to understandlng the system. Other values were noﬁ (f ®
,statxstlcally dlfferent betweén sxtes »The Ap me!ﬁ pH values were 4, 7
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EE

pH values wéré 4.7-6.1 at. the BretOnrploté (ggnhdn,ec al.,i?BA&.v’tht_

is surprising (and unexplained) is the consistently lower pH of the
turf horizons compared with the forest organic horizons.

Canopy drip pH from the forest site at Breton was near neutral,
- . . . © . : - !

which indicates ’that‘écidic sdil PH valués were the result of mineral

hydtol&sis}and/or biological‘prdcesseé,<rathen:than external factors"

(Howitt and‘Pawluk, 1985b).. Preéumabiy the'ééidrc producﬁs of

decomposition reactions and/or the release of acidic components from

plant fragments during deqompositioh may'have been greater in the rurt

horizons than the forest organic hbrizons,

'4;1..- 4'_T0't.‘al’ ca r.bon | ' S | : '
' 4ji.4.lvResqi;s '
;.tipéééen;-total‘cafboﬁ-(mégé éaSis);WaS'measufealff6m ak$v§Ox1‘
saﬁplés'tékén gof-chemicalﬁanalySES. Results frgm‘ghe toéé;_profilé

samples taken in Octi¥

L3

%1982 and June ‘1983 were compared'bf .

£.1983 incremental samples and *he Gcrober
: ment mpl d. ‘ .
g :

.idgﬂmgreuda;a'frbm nhe surface horizons. .,

it
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lncrements Were 43%,'43%h and 44% for the Eor@bb
samples, respect1Velv \Table ll, not statlgtlgally dlfferent) “"Thb

"lower ;ncremen

wWith the valud

Fleld 26 and Flelq*49 and EJom the ;orebt Wera dxvxded IHLO_Uppxx Jnn .
\"I*f ': \3—" '. el ) :

“6 and Fluld 4“

<

3‘%, and 33%

. ’ i ST - ‘
vhe tur? horiZon : i
In the Octobet 1984 SQmprlng tor tumlgaLlOn,‘Lhﬂ'tOxu%;fDIUQQLH .
i 'A . v . v ). : . e e ’.‘ ool
horlzons were d1v1ded into two depths. The'upperg{p;);ng;Lzbn;nad-@;“,
: measutea-mean total carbon«contenﬁ;oﬁ 47% (Table 10V, sianiticancly &
: . ' : @ — N . ~ R -
higher thanLthé’underlying‘(FH)jhorizon (36%) -and th@»turf“hgrbZonﬁr(Gm;L"
Field-49 (39%). N ..
=€ c 0 T T \ '
N ‘ e %
The.mean carbon contents of th& Ap’horizon¢ (3,2%,'2;1%,,2gg%,;qnd
2 8% from tne Octobor 1982 and June 1983 saﬁ%ies trom “q»ld" 3,08, 26, T
R 3 : CL Y
and 49 rasoectlvely, Table 9) do not dlffer sratlsrxedl‘y All.were '
sxganlcanﬂnkleos rhan rhn foros. hh° norLZOn m“dn of 5.2%. tMeun ;
. . AR . S et
‘otal carbon'contenﬁs of.the minéraﬂ §amples3f10m‘the Oeoner . 1984 s,
» . . - ) -~ e . ' N . ) : . R - -‘ 4 Q. '.. ’
Sampbing,(Taple 10) Were: 3.5%. for tne Field-49-Ap horizon, 2.44¢0r &
the Fie'ld-3 Ap horizon, ar” 1.4% for ~he foraest A hO[LZOnS’(ﬁm“'&hd P e
L S - & - . R .
0 .10 cm depth. These were signiﬁ;cant}y qiuferwn' Lrom one aggy baer, |7
S B : e . : . LT
. - )  ~.
Mineral’soil'séﬁples'ofwim Auguer 982 sample sex Wrge oo .
four 1.5 cm depth incremén nts (Table 11; Figure 5).  7Toral SATRNL Valaens L



Table. 10.

;USLandard deV1at10ns are “in.- parentheses

B . Mean rotal carbon and nltrogen contents of surface 5011
f_xifysamples from the Octobep 1984 sawpllng fo:'b' mas 'Q§cerm1nat10n

o Carbon %

Nltrogen

( mg/g )

v r:alt ige ‘.'_'

S, A
Rt

‘ mass ba51s

m

o

~

@

0 . [T e
.- | ;:-v.
W o
[L N
O o

29 (7.9) -

L Field=3 ap 0000 2.4 (0.5)

':_,mvé,ld.—'q"g CTurf 9 G 39,1 5(2‘.51’
S - A R - Q 9

CfLi9)

19:
1e:

'.2’2.

LA :
T N = V- T

[C RN}

o

s

12.0) .

T (0.8)

_:,(0"9) :
3200
.‘:(o 6

)
14,

.',,s- N
: 9-
.8 .
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)t

(T.9) -~

o (1 4)
(1)

105y -
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Table ll
'1ncrementa1'sumﬁace samples,_

1 Mean tOtal carbon éontent

...'4

(%, mabs b331 ) of* the Auguot 1563__
Stahdard deV1at1bns are in parennhésng._j_ﬂ'

. (mm depth) ¢t .

v

L
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e'ﬂQt;statlst:fJle-drttntvu(

tCarbon'content decreases thh depth in eath tu!ld froﬁ'

2 9 to 2 O% 1n Fleld 26 and ffom 3 Teto 2 6% in Freld 49,~over Ihr

'S e

‘ —. 3 - \, o ’ I

lf; four 1ncrements (51x centlmetres depth) f The carbon tontents of nne‘p
forest 5011 1ncrem6ntal depth.samples were ll 0, . 8, _.9 and g S
SR PRI o : : S N
.2;4% the-carbon contents//ﬁ the upper two 1ncrements (0 3 tm) wuref

fqur

' .

L. v ..

51qn1ficang ty: greater then the same anrements from lhe torage fxwlds.

r‘:f;' o N - ; Forage i ;-fy{f\ ‘

n Thls observatlon was 51m11ar to the‘observed d1&terenco (no(ed nb @) .
- / o to ; ’“ﬂ'» gl
between the forest Ahe and the cultlvated Ag horlzons: S S
S e e L . e L . 3. o T . DRI, B
- ~\*,f-:.j» S ﬂ_-mﬂ B ""“hVT'a»',uf R TR N A - ‘
. : : a0 S T SR PR R e
oL e T T SRR
R : : o . St A . ST
A . RS RS o : e

- c Mean carbOn contents of Ae: horlzons varled from 77% in tHeﬁfére_ﬁ_
. e g

. " , :~ : ‘ : b N ) "‘" : ..-
DR 43% and 54% ln Fleld 26 and Fleld 49 respectlvebq and were n0|
. ’ D . fo . : !t i

51gn1f1cantly dlfferent ‘{Table 9) Mean carbon‘bonrents of AB hnri mnsf;vpfg

U_ .. .~,.c..‘

ﬁf”'Were‘ 48% to 50% ‘whlle Bt horlzon contents were BetWeen 44%'anq.
| . . 2" . L.

b o . . ! T ’ ) 4' E s . .
v ﬂ34%.“ Larger total carbon percentages in the .C. horlzon were ¥rom the L

v . .
LY } ." -~ h
b ~le . . o
I .\, - . L
. . - @
. P .
i . - . : . . . ,
- > K
v e PR ‘ e . " ' » 5
e . . ~ 'L M - -
2 * . . N . b4 . : - . . . -
RRE R :'_."-,_ et g C s . - I ' _
; 1“:,4;;;4,27D1scussr0n'-ﬁ . I : t e ) o : KX "
N : B S

- ,"...Reinl (1984) found 1.6-3.0% organic carbon ir the.Ap hor. /uvdwﬁr :
. . LT LT wa o . :
\j\‘.' . o 5 : e e [ . .& . o ,. . ‘

Gray Luv1sol srtes surveyed Breton plot organic carbon contenis

: ayerage11:15—1;75% (MCGi1l =t all, 19861, . . . .

A bk : : - b
. el T R i ., A e

r S e, . . » : ] . e . . e

. R oL . . L - . . L . . . . .

! o . , . . E . . LT A

. . .o . . . . - 4 ‘ B
. L. . . . «. o L. . .

~ L : . . < . . . K . R A S N .

. oo F : , _ . e , £
. ‘( '% The data from the %p'ﬁbrizcns‘Were amb?ﬁ”°93‘50”¢“‘?‘5~ ,g'ﬁﬁuqﬂﬂ“'ff/(f
\* e EEEPTEIERIS - S I

. g - o . Ce Mot h M :
-¢:v1n tarbon con et wWitch t;meuu der & forag S anc **e "r" A g g,
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Q“vdidﬁﬁot'have an: adec uare'.n mber of sample Lo ‘show Statlsticai“'

SRR &> . = ) .

[Z v

N

,}1

:; etand Erom a hay/graln rotatlon management sytem Both had a greater_

. \

oo

,\ultbvatlon~3f CfayNLuv1sols ' In that studyf‘however, the forest
N ! 3 d

-

//ﬁdlfferences ‘\ihe second‘Set showed a greater carbon content‘(mass

=) . L .
. te

T f
basxs) undpr a. 49 year old ﬁorqge sténd than under 3 three year old

‘\ - -
N

N

&‘5”.‘;‘~2"’._~ R e, . t S O 4‘ AN

AR [
.-" .

. . - - . P Lo N R L .
R S N S I

N 'ﬂ
>-u,'- . - ’ . ® T

»h . : . . : g . . . ' . >

S o
organrc hOthORS were no\bseparated from thg Al horlzons : The changes
\ WS '

drganlc matrer dynémlcs brought about by 1mposed agrlcultural
' v . I S
. . - . ‘ ‘

.oystems dQ not 1nvolve only galns or losses, but alsp.s1gn1f1cant S

-.»' . - - .
s ¢ - "‘ C <. e T, . ‘o N A AN

,edistribucions.. . Tl

o o
S tkhe vrrgzn.forest 5011 may nqg decrease in abrupt lncrements\ from the

'a“...TT_ Afiﬁ‘-_ PN f;(vv"-ft e jf-? lf"w." %@y”
T i.; ‘ "'_;‘. e T e R e s s
o The 1ncreme t%; depth samples suggest&that the carbon content of

lltter layer to the Ae horlfgl rather: there may be & relatlvely Y

’.. R ,_\ ., . J. ~ . : i
1
onrxnuous decrease~1n carbon concentratlon from the fresh lltter\'

f\/ ' : e

‘:through the fermenratlon and hpmus {/yers and lnto the mlneral 3011

v H(Tnc>\m§ntal depth samplrng«thh narrower oepth 1ncrements would be ‘

o

;ld“microscopic asséssﬂent’of“th;s_hYpothesis.) e e

‘"
I

e K

) , ) . ) -
BT . w Ny
Pt a T .® e
. LA .
PR .
. ¢ M
4 - - I— . .
.~ - .
A [ - - s
‘ . . .
‘

concentrarlon of carbon than had the same depth of mlne.al sorl rrom

Relnl <l984) found a decrease in orgaulc carbon content due to. p"

u S

equxrtd\tgytesr rhls ). Ecologlcally, the upper solum,“from the lltter'”'

laver to rhe Ae horlzon, may be. ,a near- continuum of flnely stratlfled
& N ) - — . . o . L 1’__,_', .‘ ‘ ’j'-"

yertlcally OVerlapping, horizonta& micrOhabitatsL {Thin sebtion5°permft
N N R S S 1 o S

1
. .
. . - . R

& . B PRI
. 5. » . . . C . . e . et
P T : ?3 o ! ) . . _4_ .

v .
.. ‘ V.

'5;V~f1hnFieldsv26~and,39 however, the carbon concentratxon was greaterbf

4
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T : ) \. Lo “ ‘ '
reremerit. (Thie lower tuvs Lo

: - s e Lt L
horlzonbwas lessgumufbed than the forest F, and H horizons. ) ~The: o - s
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tblbjji; 0:20 -andf012l'respectivelyf If rhese are compared W1th tne

correspondlng ratlos from the bulk den51ty values (O lZﬂkO 29, O 20,'%f."

,ana 0. 44) and’xhe %c values from the: June 83 samples (0. 14 0. 11, 0 10,5w§h

ey

and 0 10) it appears the large varlance 1n¢the volume bas1s carbon-ﬁn,{f'
content estimates. for the turf hwrzzons was from the varlance 1n the T

by 1k den51ty estrmates Further, 1t appears the varlance in the; ° . N

‘den€1ty values 1s due to 1naccurate sample thlckness measurement more-f

than to the pmesence of vafvlng amounts of mlneral mater1a1 in the

* -
Y

‘ \mmples, because the 3@ meashrements, Wthh also w0uld be susceptlble;-p
" ‘\: . ) . . B

ato varyrng mlneral content, do not show as great a varlance as.do the
. " v ’ ‘.V ’ . - ’ - .
. bulk ‘density measurements. o [ I}'
S L e ST S

- ) o o ) - o
. . . . . oo ey .
- - . . .. Lo -

. Volume-basis mean. carbon,contents by hbrizonc(Tablellz- Fiéure‘G)[ﬁ

»Wure 37, 49, 27, 27, and 32 mg cm_3 from the forest Ahe and the Ap - '*\“ﬁ ’

L
’ 0

horizons}bﬁlfields 3, '8,.26 and 49, respectlvely. These did not dlffer
R > o o A :
“srgnifrcantly between s;;es The preV1ously not ed 51gn1f1cantlyu

greater. bulk densxty of the Fleld 26 Ap horlzon and mass basls carbon-

.i‘ .

e -tontent ot the forest Ahe Wwere negated by relatlvely low mass bas1s

W

carbon content and low bulk densrtv, res ctlvely ."iﬁif“

Tho total carbon content of t]

\alculated from the 0ctober 1982

'qreajir rn tne'fore-t:(Table 13 mg) ahanfln tne

Athe torage fleldb (91,.142 and . 7Olamg from %relas 8, 26 and 49,_’

FPSPELC‘Vely) Thls was a result of the swgnlfrcagtlv greater \ﬂ]f”
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) v ."‘. .‘ . . ,’ ) . ’ ._ . s ~ ,_1? y P ! . .‘ . 19." N
~ . tnickneiz of Lhe;fﬁfe t horlzon ‘Field-3 nad:ne§4§é#e%0pedﬂa;ﬂ.’;,* v fa
Total proflle carbon contents to ‘a depth of 35 cm, from the same g
e S : ) R
i _data set, were‘not 51gn1f1cantly dlfferenta@mong 51tes (Table 13 622 - -
to 951 mg per Cm Yoo waever Fleld 3 had szgnlflcantiy more carbon 1n i
. ’ . . . ) L o
‘;-_1he mlneral aDll than had the other sxtes (930 mg compared W1th 450 to ‘
S 610 mg) o o ) e - » '
PR i ,1*\.. R S A . N s
- ‘ . > T o . v . o R \
nr . N '?\i: _’ . * ~ < ; .
o Bulk density was not measu;ed for the Octpber f§84 sample set. ﬂIf‘y' :
\.»... . oL, - / . . . Lo
> .
: IWB* ctober 1984 %C data are used Wlth the mean bulk”dens1ty and ‘j "3;“:.: ,
hOElZOh depéh data. from the earller data set to. calculate total proflle 3
. Lo ". . '~.‘,/ : . IS ‘. s
o 5 v . .
1tarbon,contents, the mrneral 5011_carbon*c0q¢ents per cm .to 35:cm St e
* : L [ : - ' RN ‘
) depth areﬁ356,’683 and 617 mg, and total profx . 683 ,ﬁ
and 819 mg from the foneSt, Fleld 3; and Fleld 49, respectlvelv. These A
. N . e \l . .f o~ ot
:Arn lower estlmates for'Fleld 3 Th'jfcrest mlnEral 5019 cbn+ept is‘ t
;1gn1f1tantlv less than t he cacbon content of‘;he mlnera
flelds 3 and. 49, Whlle total Proflle values are nox SLgnlflcantly - T
r_ht‘!;‘e‘r.ent' a_mong_-51t.es. T S . R -
P N . . ) . e ) .
. . — -
B . _“' T
. > .
. X ' . ? -
-- e - . -.‘-: 1 . PR . -_.. : : . - " ?
4.1.5.2 Discussion- - . - » R R S 3. e f
‘ : R . : A & B -
N E I >

‘ .- % ) _2 1ol . . ; . . .
M _51L@sﬁ_ana,660:mg am aepth- in adjatent cultvvateq Grav LuVlsOlS -

» . ' Lt e ‘ . - . = T
7 Reinl (1984) found mean total profile (to the bottom of the Bt .
horizon) carbon contents of lOSQ mg cm 'depthf -in’virgin.EOfest’

3 : <o N
. -
- . ‘ - . . Lo 0.

‘Orqanxu Wurlzon plus A horlzon oarbon oontents were 690 and 300 mqo_

“
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,o\e16%)'due Lo eu‘txﬁac1on. The tqtal;prof1ie decre@>_
observed in"Fhis stqdy fallf“%.e.e.rénge observed by Reinl.” .

. R . o e

e L ' BEUEE P : T

S

~.: L fm e

gréater decrease in total proflle carbon und ' raqn stangs whaﬁ'ﬁhdor
f—r.eqUent cult-iv*)n, wh;le Lhe 1984 data (k'?a:';‘ed O T

- BES . . B

. oo,
i) o . . > - .

,}totele{ofile carbon, with lnc*eaelna ageaof Eorwge Jtand Tnocne.

P N ' Lo >
torest oroflle, 52% of+the torufxurganl carbon was in the organte
. /-‘\ . - . B

‘horlgﬁns, but noné was found in organic horizons tn the frequently

<Ly

( | L »
cultivated Field-3.. ' The orgdnicsiorizons represent'lj,"’ and 280k

R

DU -
. .. .. -
a *
. .
N - ‘e
Creasad An averagae of 401 1032
B T - .

‘Thé~orgaﬁfc,hofizons,Wepe Ua inc:easingly impof$anrvmort10n Of f e

AgaLn, the carbon data were amblguous ebnxernlnq lue ettu\t Ot age

.

: L R e e K : . o
the toral profile carbon under forage srands 8, 26 .and 49 years: oli, >
. . R .,'. o . AN ‘e oL L . .. C \'
. R . . . - ) . . -‘ ~ "
respegtively. . “ - o .
‘ y . N N
Y . A . 7

s content of.nhe Ap H&rizon. The tAcie factors

The roral carban con®

LIt e vt ot ey

‘funcktion are horizon f‘aroor- CORCEnN At ion, L0 ieon Lulk 'ﬁw.'.::z'."/,.»,xr,':

“orx7ony,n1ck €85, The first varivo oy oa fucoor ot 1.6, o Seeornd vy
) . ‘ : . .
“1.16, and =ne shird Byl 8 3mong thé Ap mor:Zons ot v PousrT seanen,
LV X g
RSN
' . o .~ . C " [ -
concentration. = - N Sen 2 . ’

ent of Yre mineral :ox.; QL domina g By e




"ffﬁﬁrl

. . ..v. L . N
'tOLlst organic. hOleOhS nadl~ﬁa‘,l . _.f - ;w : _*.“ 9,3,:f_’f' -
VOlump basxs ostxmatcs of rOtal natrOgen cgntent 1n the oraanlc
:horxzons Erom the OcLober L982 and June 1983 samples were nok=
olinflLaany differonr, ranalng from 2. 5 mg tm Ln tnq_forest‘to‘S.S'
miy cm T in Flnld 8 (Aable 15; Figure 8) rT‘he varlances‘were hlgh tor
. [

zon~conl

'bf 5011 (Table;lO)

Y 2o

D . .
. g . . -
qhe Lpld 8 esrxmaLP orooab&v #as Loo high due,to a ngh bulk don51ty
estimate. ' o R
%3 - - .
I S : -

vo.gnxLx\anrlv ur=3+§? fhan Were the Ap norlzon contenfs, from the

“ .y

“The nitrogén confenc_of the forest Ahe horizon (mass basis) was

» .

ToLal nltrogpn contenr, nas; baﬂlé,‘of the oréanlc horlzons:..
;anpléd in Ocnober 1982 and June 1983,'were 16 o,v14 9, 19:7, and 22 1
e : . : ' ‘ R
‘\ﬁé;gkl'nf 5011 from Lﬁ; for@st and flelds 8, 26 and 49,1vespect1vely
(Tablé“14‘ Tlgur@ 7) \Thevvalue from: F;eld 49 was 51gn1'1c;n;iy - - &
ﬁﬁ%?aﬁﬁi”f“-n'ghosé'f?om-the-fobesteand'Field%3;.*hus there wés the
.{ Tnggestxon of an ;n;féaSLng‘N conL;nt\wlfh age of tur‘ The: LF hori zon
",aﬂpled 1n 0ctober l984 had a’ nltrogen content of 19 9 mg g rne FH .
: : Yo D S
nt Jas 19~0,mg. and the turf from Fleld 49 had a‘  ..>;Qrf

e

Tthe.furf oampleb bGLane of varlance ‘in the bulk’ dens1ry est;nares, and -
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s respectlvely)

~

value was S1gh1f1cantly greater than

/IR T o, ..

HL contenr of{th
e

. S
2.5 mg g ) compated to tbe fbrest (l 2 mg)

|
»

clgn flcanrlv frqm either

w

R o, =3
esflmares, fhese values were' 1.4, 2'0~ahdr3.9_mg'cm-

s

Fleld 3 and Fleld 49,

s Wotal-ﬁitrvgen'cehtent Lo’

les_(Table l3d.

.

9

£

13.%/ mg from £ie

~han in the~dther

bd'39.7_mg ﬁrom ﬁhe-forest‘

n,total nltrogen‘cohten

lcs elant,

:l.}:' :
(rablpv14~‘4.

l 48 ana 1{98 mg trom rleldbvbhree;

Ky

- )

.

¥

spectlv ly.
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* The mlmeral soxl hO”al w
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Sites
. °
PR
a
®

26, and 4

’ .

. On a'Volhme baSis;

nd-.

ei@hﬁ

S1oma

’

V?'l l‘.nl
"‘ '-ﬁ.' . :
"'~ e e f.:‘
. | ' ) :
1 »
Ly
‘
‘ * k B "
omnfun1 Vit
, ) .
o 1nd 49 ERE
1 - ,

If the Ap hOleOﬂG are conSLdered alone, Lhe‘Fleld 3 ::f:“

]Were the Field- 8 and,,.FLolnh 6 ‘ oo ‘:‘."

\ .
. .

7

&

L.
e rahe,

g compa%fi’wneh g

- N : v

9‘ spect.

e ly ),

e:upper'mineral.soil?(Ap hO?izon) in. FL ld- 49

S

35 cm.depth follows the

L4 -
(7.9 ma, comparad wi

26,

value was between tnese two (1.7 Mg) and not showQ Lo dxffw
us;ng méan_bulk

wror v e

:amw

ety
4

Moreerin ooy

values; On a. volume ba51s the nltrocen contents ©Of the Ahe and Ap o ;'
- . N . . R . o
horlzon sampleg were found to Be - not SLgnltlbanLly dxttorenr, ranqlnq R .
o o~ - LN ,' N ‘ . B ’
from 1.92 to 3. 51'mg’cm ~ of sdil'(Table 15) iDeeperﬂhorigon'ni(quﬁm : ’
. - . A B - 2 ' - :
o N
-con*eﬁas were not found to dlffer among §1tes,,oﬂ a maga ‘or ‘volunme :
e . . . ] 3 /\ F iy o Y . . .
. / b S. “A e ‘» : - : "
L f 2S-q. T e, < . .
- e e SN : : pes . -
o~ ) - R ° ) i ' : v . . > .
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/J‘;_l' - ,- S vo.:

The Fl“ld 3 Ap hot 12

Lon ——

« 1
v ’

Forees )

A ®



p T L S , Tk T 4
. ”—_ v .1 2 P * - - to ' J‘
) : ."u.'l_ ) . . .,v LT
. : '.v‘ . ' Vi ‘ - . ~ :
o s L . e L . . T o
S AR o - ?i"
S [ e v ;“’ * ‘.99-.
v o o o T e
: “ : / ) * K ’ '
nhg'th;gknes)es,of tho £10¢d 3 Ap and rhe fogest organlc porlz?n,‘ L
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47 2, and ‘2 8 md
B T : o i : \_-_.. e a T o
- «from the forest’and fields’ 3,8, 26~ and 49 respectlveiy) do not dltfer

v Lo T s . it [ '
signifieantly. -~ - T e T

‘tespectively. ‘”Ifhe'proflle totals (69 9, 71 9,. ,1 9,

4.1.6.2'.C;N Ratio ST

S o AR . - Lo R _— S
e ’M\an carbon to nltrogen ratlos f£rom the October 1982 an@\June‘1983

~ . . ,

data wdre s1gn1flcahtly dlfferent among 51tes ongy 1n the oroanlc
-~ . : .

'bo;g%ons the foresr ratld of- LB 4 was grEater than the ttrf ratlos of

'16 4 115, 5 and 15. 3 Erom flelds 8, _2’5; and 49, ispectively.mable 1'6).

A

A trend toward decrea51ng C: N 1th 1ncrea$1ng a of'turf was suj?esteo' "

-by these values~as well The 6ctober 1984 LF horlzon sample C: N ratlo '_; e

of 23 8 (Taﬁle lO} was 51gn1f1cantly greater than the FH horlzon (L 8 7)

i and Fleld 49 turf hO[lZOﬂ (17.3)'C7N ratios, e ‘ S
. . : _

. .
. [} . ' . .
) : X -
,' X 4 e .
.

The forest Ahe horlzon C:N ratlo trqm the October 1982 and uune
. ' \
- . . ; '- B Vo 4

1983 samples’ (Table - lG)vm "lh.2; the Ae horizon ratig was 10.7._ The .
. - ‘ . » ) - -_. . . ' . - ‘ l . ) '.
_Ap "horizon fatios'were 13.3, ld.9,‘l4;0,»ah@ 4.4, from fields 3, 8_\_h-”

. A Tt : : .

sQ,-and 49 respectiVely. hese values suogeSt a trend of - 11€reﬁs1ng ‘ <

N ratro W1t$?age of tbrage stand From the October 1984 samples, the
b4 [ -

Fxo1d 3. and DLelo 49 Ap horlzon nmean 'C: N ratios were 13.8 and 13 4 ‘*

‘ fP“DGLerely— and the fOrest_mineral s0il C:N ratio was nganicantlyj i '
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1,6.3-Disoussion .

\ Mpan nltf09€n COnrents of the Ap horlzons of the Breron PLots wermgyhfi‘”
l 0 l 6 mg g -1 and C N- ratlos were lO 9 ll 7 (Cannon Et al., 1984)

'f The Fleld 3 nltrogen content estlmate from the 1984 samples (1 7 mg

g' ) ‘was 51m11ar, whxle the value from the October 1982 and June 1983

..

sample‘set (2 4 mg) was greater Also the Ap horlzon C N ratlosf ' -_:,st
(13 3 14 4) were greater than those observed at. the Breton Plots[f
" N . N - . \ .

The ox1dat10n of carbon and the recycllng of nltrogen durlng :

' decomp051tlon of organlc materlals result in a, lower sorl CfN ratlo ',ng"‘

The C N ratlo of the 5011 is therefore ‘a’ functlon of the 1n1t1al C N

ratlo of materxals added to the 5011 and the degree to Wthh the o

'

f materlals have been decomposed _ The-decreasing C:N ratio with‘depth,

from the LF Lo the Ae horlzons in +he forest, reflects 1ncrea51ng

humlﬁleatrpn OE.the.organic material Slmllarly,'“he apparently
'detre351ng C N, rarlo of tue turf horlzons Wit h age may reFlect a

_greater content of humlfled comoonents ln ‘the. oloer turf horLZOns The-
. . i .

.'a'. . . - f

“Ap hor1zons showed the opp051te trend w1th age of forage stard

-

. Axsumlng 51m11ar Lnlrlal C N ratlos of the added materlals, and slmllar
Y L “~ . L :

. .

nxtrogen use etflc1enc1es bv tne decomposrng organlsms, the rate\of

'docomposition relative tO'the rate of additions must be less under the

older stands., ; :
>



s T e e Ty e
:34{2.31 mass Carbon and N1trogen S ;)L I I ',tv¢7, IRESRER
. rb sults iu_l ', Vo SRR f~""
Ll . R S e .
Carbon released durlng lncubatron was 88 greacebifon Lho"
AR , v
'*fumlgated than the non- fumagated ﬁ est A horizon sample (Tabl l7)

-« ¢

. [} ~ .
. fThe carbon qush from the Fleld 3 Ap horlzon was lll ug g;l and from-

o T 3 . , Q n -’ ,

,Bﬁeld 49 was 203 ug g . ‘The Fleld 49 value was srgnlfrcantly greuter

AR N . ‘ .

| }‘tba” the-other‘two Mean nltrqgen rlushg§ after fumigauion,ﬁrom;ﬁheg‘
‘i | » i : o L T T s
4 1.’§Jme samples were 9. 3 20 5, and'23;l ug gu;,'from the forest, Pinld 3

‘

.

-"and F1eld 49, respectlvely The values from the Lwo Ap/ﬁ0f170nb wor‘

.

s 81gn1f1cantly greater tnan fhe toqpst value Together Uhe karbon and
l . . [] - - ‘ ~ - - - g

'»nltrogen data suggest the blomass was largest in gp \Ap horxzon trom

D ‘ e

. .-“ K

- Field-49, lntermedlate in the Fleld 3. Ap hO[lZOh, and luasr .th“l
eld X :

forest dbper mlneral (Ahe and Ae) materlal . , ' . .-

_ : Th Uclushed ear\en to flushed nrtrogen ratios, 10.2, 5.2, and 8.4
L4 ! \ ) ™~ -
from the?forest, Fl‘ld 3 and Fleld 49 res pecg>vely,‘differ E jf"

e " S ¢

51gn1f1cantly from one anobher (Table-17).LwAssumfng a Kg'value of 0,41 \\\; o

.7 » R : LT S : S

PR (MQSlll gt al., 1986), the;piomass C g° flushed N ratios were 24.9, ' -
- é o : . S . A : ' - ’

! < 1247, #nd 21.5. v TR .« .9
.-» . . . l . o L -

The.carbon flush represengs 0.44 +o 0.60% of nre volal carbon,

LW

\_\ L ‘ g ‘ N " ) ‘ >
: frqm'the'three.sample sets (T ble lé not stat:istically difréreny ),
'~ Given'tora¥ rarbon contents of 1.4, 2.4, ahd 3.5% for rnese sodl

_samggtes, and.asauming a3 ¥ value of 0.4, blomass carnon uns &, 1.0,
L o = A

" and 1.4% okiche total carbon from the foresr, Field-2, and Fiela-49

samples, respectively. “he qplues ‘or ni-roaen Fras.r?m.perc~ntagv PR
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o103
v Tébie3r7},vmean-totalfreepredfcarbon_and‘minezaliéed nitrogen (ug/ml
,soil),'aftéf‘fumigaqionﬁof-the'mineral gamplesyg'Sﬁandard~deviationsligx
care in parentheses., . .. . B ERTE NI

© Stand . Layer - n . carbon Nitrogen - U C to N

“Forest A .8 8d (é2) - 9.3 7.3)7 10.2 7 (1.9)
Field-3  ap 10 IT1.62) & 200577(6.9) 5.2 (1.6)

 Field-49 ap. 9 - 0 203.460).  23.1 (4ig) ©ges (2.2

Gk a - . N . : Y

\ . .
. Table 18, “Mean yatios (%) of.miheral;zed carbon’ and nitrogen of -
fumigated samples td total carbon and nitrogen, respgctively, and racio
. of minegalized C:N to total C:N. Standard deviations are included in T
" parentheses. o ? S ¢

{

4

' — A T —— — : SRR
Stand Layer  n Mineralized Mineralized Mineral C:N _
oo "~“*/'; Carbon 8 °  Nitrogen 3. % -/ .total c:n .

— - S . g " . —
o o ) T e o R , ] FARRT
Forest - A 8 ~v0.6Q‘(O.23) . \7>0f75 (0.39) " 9.87'(9;201;*’:

Field=3 - ap 10 0.44 (0.20) . 1.17% (0.29) 0.38 (0.11)

N T T ERE . o e S e .
"g'Fieldi49 Apl 9. . 0.60 (0.21) 1.02 (0.34) . - '0}62f(0.lZ{
T R - e , . :

AT T o . T




. s N ,
j'\ " . < » . ‘3
_ - S . 104
< . . ! f - . - ’
» . vt
» zofdl nitrogen fzom.ghe Ap norizons (1.17 and 1.024) word sranivicans v 0,
IR [N : S . . : . ® R TR .
Tl o - e e 5 - 2a o - Lt A'_ B .
‘greater than the forest value of 0.75%. - . R s T T .
. B . - o N 3 - . . o . R ‘.\_\ * o -
N . N .
. } ° - . NN ) .
T ) s . .
4.2.2 D1scuss10n. . \\ e .

e "

The values for blomass carbon gﬁ)g percehL of lonal \drbon Wore

' somewhat loweEﬁ&Qan those tound by MCGlll et 31 ‘(1386)'at‘rhufaro(nn

uP&ots (2 4- 3 );'howewer they.weré noE‘outside'the Qbﬁép@ﬂ{ixuunn SN i\’
The Breton Plot mean nltroapn flush was' tound to bn E;Eﬁjofﬁhdnagir: R

. L . . : ._,’;x ot #

‘he meshod used by MCGlll et al (1986) to calcuiate carbon andt - T

\ . . . o (y Vo
'nitrogen flushes differed &iightly from the,nethod used” in this stmk?>\\v :
They compared quantltTES evolved from fumlgaLed 50115 ‘uran"h‘ mlr ' e
. e O ) . .

lQ:ﬂays of 1ncubat10n wigh’those evolved from non- Lum1<af'd ,oibb? o ' -';‘;

durlng ingubation days 10 20 . o S
. if ) o o

The biomass C.to flushed'N':a%ios\weYe within FAnsge D - Fus Brecon .
Ploh Ap average of 14 4 &M&Glxl et al., 195%) The flushed carbon vo:
flushed N correlat;on coerf1c1ent was 0. 80 im;Lar LO i b e

i, e
0. 73 0.94 found 1n other studids fCannon sroal., 1984).
{ L
- >\ . ' ‘l'
\ N ) ' { iy L N . . kK ’
: There is a -rend~for Yreater’ bl rass 1n v he Al orranns ttian oo -
. . ‘ . »» i .,‘ r"'. 1
the forest Ahe aﬂd,Ae horLzon, and.under a-cohglnuouz £O0 9 g g St
, - L , o TR e
) s : ‘ o = P
compared :o¢a. forage/graln *ofaflon manaaemr,: 5 Thrn e
' ' . - Y 4 K ’ Sl g
.parallels those.for ?ocal'carbon and nitrogern. . L
‘l . . ’ : ! - B “\
Y .
i . . » ~ - ’
. Because of the bro ad range O C:tl Yan:ior of SoUi mioroncian, oma -
3 - - . -
\}



Z’“éisi oo T S
(ofren -5 fo;'oacteria.and-&O—lZ.ion'fungal'nyphaé),.the VL

lde
\3 - e

4’],

e L . .

varies greetlv (Jenklnson and Ladc, 198¢) The' nlgh flushed C:N ratlo‘ !

‘ may suggest a large fungal component 1n the qlomass of the forest A
N , _ 4

'g} hOfﬂZOhS, Whlle the low ratio from Fleld 3 may suggest a- greater \2

°

S bty erlal component el , S e , e
e e S ST

"4.3vSoii'Fauna;_

‘4,3.1.ThefMacroféuna ' ‘ 4 S ”}, > S
B ; '. . ,‘ : . 0 N - -
The mean macroﬁaunal populatlon per sample of rhe forest, 301¢

B

.‘>
o

(Table 19 86 1nd1V1duals) was SlgﬂlflCBRtly larger than that tound in ’ e
any'of the f1elds. The .1eld 26 populatlon (34 1nd1v1duals) was

-

.grnater t han Lhat in Field-3 {5 1nd1¥1duals), Fleld—8,(10.individuals)
- A \ . ) 3 . . ] .
anﬁ.Eieldv49 (lJ‘individuals) aCrofauna were limited to the turf’ D

e’

.horizons and the turf/minerai soil QY

'.":‘ . ~ B >

e ld= 3 Lhe were found 1n rhe u per Few centxmetr s -of mlneral 5011
Y P ,ﬁ

tact ink fields 8, 26 and 49, In’

- S

uJ.-' N N

ofLen 1mmed1e;;}»~opneath moss " kayers or pianp,lltter. R ..».;f_

.

€ . ) .
o g T T Eel e S
The-taﬁ%nomic levels to which fauna were identified were chosen

o
>

'squ@ctixe%frﬂbésed on my abiT&ty‘to idéntify the specimenéf;iThe
A ) S o . T a
numbers of_taia showed a more heterogenous and-complex forest '
- population; the Field-B.pqpulétiﬁn was :he*leas; cofplex. The latter '

was composed of large Dipteraieno Lebidopteﬁé larvae and Araneee;_and

k4 . AN “

- nccasxoﬁal.Pnedaoeods'Coieopteran(StapthinidaeT. - Pield-8 had a

. ) . - .
-_slmanr populatlon, thn SLaphyllnLdae somewhat nore (Ohe) mméﬁﬁ_ R

“Eng hvrrae'ds wele‘noc .ound in Fi eld 3 and Fleld B; in Field-26 and

. .
e ~

. . . . o " ‘ Lo R N . P} .
- . . . 4 L'~ RN
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gwas-moreadlveree,ln:Field-ZG ncluc ‘ng Cafqbldae and Cucujldae as. well

‘

Lasg Staphyllhidae} the Fleld 26 fag/a also 1ncluded large numbers of a

small Dxpteran larvae of the fam{ly Sc1@r1dae, probably a Plastosc1ara

species. The FLeld 49 populatlon was 51mllar to that of Fleld 26,VW1th

lﬁﬁerfhumbefs overall. :mhls may be a sampllng error ﬂntrocuced by the

difficulty ihVleed'ln‘piCking:apart the deneely‘woven Field~49 turf

B

. ) e o . ) .. . R
organic hqrizons;.althoughnColeoptera were.observed in the mineral,

. have not established'a significant.popula:ion.

horizon. . The forest population included large rnumbérs of Enchytraeidae

ahd Spaphylinidae;aas Qéllfas other Colebptéra$;varioué,Dipteran IR

larvae, and Gastropoda. Tbe.férest fauna were generally limited to the.
. ) e oy , o . - .

L - - - . N .

p

“soil. - Enchytraeids were found only in"the lbwer}orgaﬂic horizons,, and..’

.

'”Castrbpédagﬁéar“tﬁe.Qdffaeek WUereas Colébptera were.distributed

e : . . - . N

Earthworms'were not found i Vhe foresr sogl, or ‘in any QL xhb

(-
Py .
.

ro a characterlsblc

"1,-

lnfhearpy_garden",~.

o1ls, and 1a’§he soll-under an ad]acent, well manured treéd knoll

o , _ _
where ca tle l%&e *o stay overnlghL One'Would.aSSQme earrhworms Mave

‘.

T

had .access to rna Sdllb of the research Slt . but, for whatever reason, .

e
-




5 T

4.3.2 Microarthropods oo S e "T'-"" ok

1.3.2.1 Sampling'ahd idensiﬁ‘ ation :;:_~. .

Three 51gn1f1cant characterlstlus of the sampllng ;nd 1den§§‘4pﬁp;ph

. - o ;
’ R

methods must be noted in the dlscu5510n ot {he mlg[QartifOpOd daba.j

\ E . R . i .
[l ) .

Flrst, the three sampllng depth lncrement were eich 30 mmﬁrxrék'ﬁ

’E frdm fhe arable flelds, however from the forest site i was not ¢ e,

possible tp'{ake sampies with 4 _cOfer,used unless the corer was

Y : f— e A R - A
- . v B

pushed part way 1nto the m1nera1 s011 The result wao,vhe kOmQﬂ\"On.)‘ _
’., i : RS ' ' o ' o ~
-of rhe foresc organlc layers to a hthKDPSSJOt about 70-80" mm, w1'h
:Aaoprox1mately lO 20 mm of mlneral s011 at 1ne borLom of Lhw Ehird oo - e
St . ‘ = . L ’
. P

-;i"'ncr-_e-ment. The effects of- thlS are r_.t th ref-arence to 'hu de p' h-

1ncremean as 0-30 mi, 30 60 .mm “and 607 90 hm is noy aCCU[atF'fUI phv'

forest samples, and an Lnknown number ot spQCLmens.ma/ have bw'n- et

: ﬁSecondly;VI was'pot -able ro identify ©0 which subdyoup some of e o r
acarl balo d Y.Was most pronouficed wish ohe fyrov 0 e .
,4M§y,l7) sEtvof.sampLes, Wwhen.tite population included a large number o
P e - - ' Py lll . B y .- L . '. ) .
immarures and. my cLassificatioh skills werpe male Fimited,  The My,
data ser rnerefo:e lncxuded 3 lgrge’numosr of ureldensiPidat o Acaet,
mosr oF Whlcn probably ere immature Oribavei. .

e .
g - . ‘>
- v ~
. . . .- . B : . R . v .
Thirdly, the Collembola were zubdividea inwd "l Saz0n0m; o :
- . ‘e Lo DR * ) ) . i L . RS T e . . 2

suborders Afihropleoha'and'Syhp@opleona, chor Ping ooty mhape.,

[N



e Co Sl o~ ol . o . R L o L N R )

' et T S ca o LT,
"7Howeverathfs SUQﬁinSiOﬂfiS brimarily':axonomlc ;atner ®han ecolog;c o

- . - 1 .
B B . . . g ‘a o -~
f:lnC” membero of born groups xnhablt SLmllar nncbeC) and #he

Ty

bymphopleona wero rare in rhese g@gples ' DistinguiShing'surfacéf'l'“:': o

©

v

dwellera from deep dwelllng speczes would have been mbre useful

&

ST o v RS f;.ﬁ' ' '” Sl .,A, S
4.3.2.2 The Microarthropod po‘puration ' "
o : . ( s 2 »

- % The mean number of m;groarthropods extrae;ed per qore (1800 mm by . -

¢

QOmm dﬁap) tkom £ he foresL was 143 (Table 20 Flgure,D), Sanlflcanfly '5 f‘>'

more than Qhe 66 fQunc Erom Fleld 3 and 71 nrom Fleld 8 The means’

Lrom Flpld 26 and Fleld 49 (93 and 108, respettive%y) d P 3 not dliis;

k graLlatlcally frmm che others The‘micrqarthroﬁodeqpulationrin each . |
site was dominated by the Acarl. Most of theé Acari‘were of the - \\\ \\
’ ouwbrde( Oflbatel Gamasida were,common, Acéghedida'QEEe less so; rare .
. R ~\» . . , . . . N . .
Auarldlda were obsebved but not counted separately The great majoricyg
5 A > ’ ) s - SR

of- ‘the Collembola were Arthropleona (Table 21 is a Iistvdf thelcommon
. - . ~» .

Acarl and Collembola Sp@LlES ldentlfxec scanning'elect%on microgfaphs

7’ "n.

"o[ bome spec1mens ‘are snown Ln Plate 1.y Other organlsms extrached ‘“
nckuﬁed Dxpgeran larvae, Coleopteran larvae espec1aily Stapnvl 1dae

‘ B - W __“ ,.”:e

‘nnd Carabldae, Homooteran and Hemlpteran nvmphst enchytra idsyrand

.

arel\ arachnlda and DlplOpoda

. L]

.. The mean-number-of'acari per core (Table 20) fr&m rhe Foresr (710)
. . __' ) “" v B

was ;1qn1cxeanrlv Jreater. than'the‘nnmbers'found in Fieid—3 (dl) and

Fleld 8 (62)} ne aner from rlelO 49 (95) was 51an1LLcan+l/ grear r

'vatnan Lne 41 trom erld 3 * the mean]qf 74vf00nd'from PieLd—ZG was- nort.

g
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N . B
\ . "‘l, oL . - . .
X i ‘. .f', ". -~ Lo @ L e DR A et
N . ) 1— ) . ) "~ .x
Table 50 MEan numbers of LT oarahxopods.per Cove fl8ddmm " emnm .
'ueorn), by croup anrd L‘e1q _;jgperscr;pvs indicare ,iQH;EJgghCQS ALy roF
*‘J-X;olumns, bV & S. D., o= O 06 PR ‘3j‘~ S e e
e . . : ST s S N A
+ . -v -_ .;\v . ..: ‘ Coe . ) R . '. . : s .‘. PR ‘:_

Group . T—rorest; ' Field-3 Field-8  Field-26  Field-49 & 4

o . = ’ LI . 3

S Acariow LLO S R 4 Sggthe
*oribatei - : o ggd BT L 48 b
Gamaéida B s - A 8
Actlnedlca O 4 s “f. ' 1
unldentlfled 13 - .3 4
Collembola .Y} 22 - } T
-« Arthrppleona. 28 NS RO 8 - R U VAR
Symphypleoda. . -0, . c.c 1o - -

| other®  ;. - ;G%S N 12., 3;7 '8 \\: P ,f;':3- o : ",‘? | i;'i

CwedToral L1243t a6 7ﬁéﬁ~'

N,
e
Y]
.
—
<
&

. . . . - _
l This grdﬁp included Dlotega larvae of Several apPL‘Hb, Colwmoptura

lfrvae dspecially Staphylinidae~and Carabddae,” Homéptrra and. H*Nlp"{)

‘ nymnhs,-?nchy@raelds, anc, f?{eI?XAQ[aCnnldb ana Dxplopoda ‘ .i i&

- - \ e . coE o
i '

. . S A S S \
. D . ) . . . . ’ ’ . . N : '
| . | y
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. Collembola l--—o—-1
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Vertical bars: show standard .. . -

..

.

-
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.. . Table 21, ¢List of‘the'miChoarthropod/5p901e9“obsérvéd.
R SRR AP : p LT st o .

:_* . e S L e s ._[ L o
. Acari: Orxbagel ' Cg; gg;g lelllS (ﬂermann)
.{_ : o Cg;g;gggggﬁ g:agll;§ (Mlchael)
- ’ " Euscozetes nf. fuscipes (C, L."
. : lie_msa:.nm (E_l.éumt;b.mﬁ> nr. ygq
. ) Opgiella nova -(dudemans)- * -
Lo - QFlbatodes n:,_mlrlbllls gBanks)
’ ‘Tegtocepheus ‘>laFg§ (Michael) * o
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while the mean,numbefs,peruqore (5%0 10; Tablé 20, Figure 1) BRI
; . . ’ . - e T T : 3 . M

olffer s;gnifiganflyLw

e .

. /
- M \ -
R -

, ,

.'. . R : ~ - . : . ' . ) » .
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’ '/ - B I3 .
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';ssu d Lo’ be Orxbafel, tne ad]uated Orloarel numbers were 84 ro 93%
N
S the rotal acarl, and followed rhe same stat&stlcal trends as the total

-+

g acar1 numbers; Table 20) j The Gamasxda qpre a 51gn1f1cantly larger

B \ - %‘ :
percentage oE 1dent1f1ed acarl in: Fleld 8 (16%) than 1n Fleld 26 (9%)
S . CoL kJ

'ld 49 (9%)ﬁand‘¥”*the'&ﬂ‘?5t (10%) The Fleld 3 value (13%)

'“-a._;_s_o,y”.s.'_gf‘-‘e'ac'e‘r?ft'hah’that df- Fi:e.l.d-za.' The Actlnedld‘a'

- "v‘ . .7 '.:.\ o RIS s B -@t\' : .n" . .
‘the' identifled acari; although these means dad not’. dlffer e
. ‘. ‘ . ‘ L s . . . . . . ) _‘..vb.
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._n\,

r.

. . e
tlj) etfpcts, as, wéTT‘as 51gn1flcant two- way xnre%acrlon effects the=three

' ~
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.) dzjrl daLa (Table 24b). In the collembolan ta set fleld date,
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‘=— by sampling.date and field.

nﬁnaampllng date angd Field.

S ) . B R R . ) - .. &
o, . 2 -

"Mfan mlcroarrhropoc rotals oe
Suppr;crlpts

“Taiflie 25a.
lndlca'_e

, .
sample (lBOOmm “.90mm cnorw),
si ontL;cancés across.

v

columns, and, down the flnal column, bv L. S. D s 0.05. b !
iSampliﬁg Farest - Fleld ag% P}eld—a "éield—ZSj;'fie}d?Qg ’fMéah»-
. e L L T T e a
:May 17 L34 80 o 69§ o L4 184, l40,
May 26 . 164" 427 3eT 51°-0 677 ST
buly 12, 122 S 6® 114 70 - 77 - 90 -
.August- 23 161 “37 61 79 7 - 74 Hb
. N i ! . A : )
” o o ' N
\ Jl
“Taple - 25b., . Mean acari totals per sample (1800mm°" 9 0mm depth), by
sampling date and field. Superscripts inhdicate 51gn1f1cances agrOSs
Lolumns, and aown the frnal column, by L.S.D., p= 0.05. :
‘l " e . . - ‘IA. N ) . T
. N - r K ] /. ] N »:_," . BRI PN
Sampling  Forest  Freld-3 Field-§ Field-26 - Field®9 “Mean
pats | : » N Tl ~ .
IR . e
- - .
- May- 17 104 835 SSb _119b >157b ,112b
May 26 vl39 o JQ' ¢ 31 45 57 - 63b
sJuly. 12 101 \? 44 ¢ 3 61 75 75,
‘August 23 . 100 180 ® 5o 52, 66 59
ol . - A " ) ‘ ' )
T , ]
Tible 250. Mean xpllembolan ‘totals per sample (1 800mm2 90mm depth), by

. *olumnb, and dGWn rhe flnal column,qu L.5.D., p=0. 05

Superscrlpts indicace ngnlflcances across., .

':'bamolan _Fbrestt 51916-3 » Fleld-8 Field-26, ;ﬁféjd-g%é . Mean
Dale ! o C e - T
L ¥l o
7 bt A4 i) 26 253
227 10 ~. 10 b 190
L6 <, i ab
@ . .-..O ‘;O,' 6 A .13
o~ JERy : ab
B .‘ _~ : ) ‘\ 1.-
'.gk : /
. ) " /’ \. - .
©
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- -he May 26 sampling dafa set showed a ‘signifjcant differahce in .
) ek - Y o -~

‘‘macroarthropod. numbers between -sites; the forésy mean of l64

o

flelds (42 34 »él and 67 1nd1v1duals from flelds 3 8 126, and 49

]

iacarl numbers by sampllng date (Table. 25b) followed the same .

-~

ﬂl‘ Lo

1f "tatlstlcal trends as’. the total mlcroarthropod populaslons, w1th the

‘mean populatron Erdm the flrst sampl‘ng date (112) 51gn1f1cantlv”r

ol . 4 . .
PR . & o

ygreater than theg:ollowing*three,dates (63, 7;\End 59 respectlvely)

. . . - K )
XN & -

and the forest acarl populatlon (139) SLgnlflcantly greater than the ‘”
A4 .. J - e

fw‘arable fleld populatlons (30 to. 57) in the MaV 26 sample set.' The mean

L

Anumbér of’ Collembola (25 lndlvlduals Tah}e 25c) from"tne May 177 samgge “;p"'

[ . - s .
) . .

set.was slgnlflcantly, reater than the May 26 sample populatlon (lO);

- )

the Jt;ly 12' 13) and-August 23‘ 18) e'-s dl'd.]Ot d1f er from the
. ' ;;;_f‘,-. ‘

others:s The May 26 Sauple set: had 51gn1f1cantly more eollembol? 1n"£he
w T - :

’ .
: torest samples (72) than 1n‘*he field samples (l to lO)

5 : ) . . ‘ oo
o . = o M ) A . »‘;a’_ , t
o L LI ‘6 - L o %" . o : . i \
.,Eighty—nine'perc&Qi?of.theftotal micrOarthIOpods(were fOuhd in h@
! T a e e * ‘\

. A & ' : K% : ‘ t' :

'O—}Omm“samplbng>depth, The. Collembola wern more»eommon at depth tnan
'.'tl&:acirl;vo. a percent ba31s, wirh 78° tn the 0= 30mm aepkh compered

with 91% of e scari@ : R '

- ) -.'v' - .\ »E .' o . ; L

o 5\ croarthropods'oerifipy found,.in the
L _ ) W # T
O-3D‘mm,deprh incle ent (Table 46a) was-greater in Fidld-8 (92%), =
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Table 26&,
‘totals: to - 90mm depth,*

croarrhropoda bx

ueptﬁ"inLkemenié
by field, across aJA _
Sunerscrlots 1nd1caLe 51gr1t1kanceb across Lolumng by L.s.D.

B

Déo.d“p '
oo

as a percentage ox.v N
sampling ddlC:. .

rd ‘
. _ SR ’ el ) T
- v  Forest Field-3  ~ Field-8" - Field-26 . Field-49-
- Depth’ S . ' : Lo D T
0 - 30mm: 8o go¥ 92° 96" gyt
R v . o~ '. ' : o
30 - 60mm . 153 11° P 3¢ 3"
60 - 90mm - - s3P 8% 4?0 1P 4
- Table 26b. Acarl bv depth 1ncrements, as ‘a percentage of tatals _
90mm depth, by fleld, across all sampling. datec. Superscriprs yndlaaty
‘31gn1f1cances across columns by L.S. D ; p=0.05. ' . ' '
o Forest'  Field-3 Fiel§  Field-26  Fiold-49 e
Depth e R . ' o
-0 - 30mm. 763 00°, 9 .:_Q(b. ar
.30 -60mm . 1g%. 3° PP B egP 2V
o v . ' : ) : CLt T "
60 - 90mm 530 72 1P ~;;/,:109: I’
‘5<i\ L
o q
EE [ [+
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" Table.26¢ Fotals

_to 90mm- depth, by field,

Collembola bv deprh anrpmenis, as a D'(Lel'guﬂ ot
across all ;ampllng dares,

S PDeroerLpr s

indicate 51gn1f7?ancps across columns by L.S.D., :0.0§\
s ‘ S : \ SN L
. e Forest Field=3 Field-3 Fieela-A Fralg=497 Tase
Depth.. | ' K .
, FU .
. . - ab ) : & i Ty
0'- 30mm . 8427 niga? , 559 94 oL )
. ab . e _ab s 1
30 - GOmE - 112P 23% YA 5 3
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(&Osd:ﬁﬂgif:een percent ot the‘foreSt-mrcroar1hrooods~woro 1 he

S GBS C

t
,\

ﬁhe ‘same 1ncremen* of Fleld 3 both were greater than lhe 3 Lo 4% rounnr

S -
- TR e .

'15 flelds 8,.26 and 49 A smgnlflcantly greater perrentagr of the ot

tQtal was found in, the 60 90 mm lncrement in Freld—' (8%) than theihnmo
R : - , e
increment o.f Field-26 (13) and Fiel-d—49 (4_%);‘ t‘h'e E‘ie_ld—B' (4%) and .

-

;Qmples from the’ 30- 60 mi anrement, sranlcxcanflv mors-than £he 1l in

fqrest (5%) vélues were 'not statistically drfferénp’from thé'orh@;
The pemcentage of fhe koral acar1 per Lore found in ~hn'0—z0 mm
i Y |
d%pth 1ncrement:(Table 26b) was: 1gn1f1can+lv ifeatvr in thu arat .
flelds (90 to 97%) than ln *he Eor@st (78%) The 30—60' anrvanE‘ . :
4 e .
r&flects rhese percentages, wlrh a srgnlfxcantly—groarwr‘i6§ tn 'h
R . . : RORRIER S - as R s
erest compared with’ l 3% in rhe atable f1 T%%. The' 60- 90 min - duot 'nnd-'
cE - e
a slgnlfrcantly gr@ater percenrage ln Flpld 3:07%) rhan.Fivld—26 (04
fhe remaining means of 1- 5% drd not’ s*arrg lc?‘.y difiwr,z-omr~hr
. o R +
Oﬁhers. B
’ . y
: = ’ . . >R ‘ .
The rotal Lollembolan percentages found 17 “he 030 = doeprt, .

increment were 84, 64, 55, 94, and 82% from rhe foreoct and fieldn 2, H,

‘ . . f L " o ' : ﬁ? S . i
2§, and 49 respec:ivély,vwith the Field=3 valﬂ!;21anrxaahily‘luus Chan .,
the value from Fig/fd-26 (Table 26c). The 30-60° mim depr s darde (A8 e

. . ’ . . N .4 ) )
23,.27, 6, and: 4% In *Ww T ale reép»ctrvw-uerr, 430 LT o
S e S .
Field-26 values weme significantlysd:r! Dereny . 7o
R : . S
parcentiges fSwnd #- 60-90 mm depeh - \ '
o el . .
5{gnificantly. A- that depth, <o Cutoel ] v
SR : . . ) . 2
highly aggregated, ¥gth most sampies conteinin no‘boizfﬁqqlué-pnw' i
. ' ' ' . S
! .



;resulted in an el value of 0. 28«5 The r°

] *he enthytratld popuiatlon.q-”'

2y

~

. .., W

'
U(CaSIOﬂdl samole wreh ~_l

’ .
Ces P . : L

-‘,”. o . j S A _g _;&

La

' ; o
Llnear regre551on of: the»mlcroarthropod numbers in the O 30 mmee o
1 - ‘“-' Y . » '
depth lncrements by 5011 m61sture content of adjacent 0- 30 mm cores

2.

‘Mpm the regreSsion of acari
4 : .

by moisture'content wasj0.26 and the collema@la BY moisture content &

regre551on r was 0. 06 - All were statlstlcally 51gg1f1cant.
" o L o 3 o - L
,. : ® . | o ,: . - : . ) . ’ q. \-'. ' T .5, / '.'.
e : o ; ,‘ ‘; » . R T D ‘ "“\‘.
4.3 3;Q55¢uss1on ‘ ; ' -
ST - 2 : R
Mean;;umbers of 5011,Acar1 and Collembola per chare metre Weré in

Lhe low range.of the numbers expected from a temperate\forest biome -

(Table 7) the domlnance of the Acar1 and espec1ally the Orlba*elilg

1 = :
- P :
the mesotauna was tvplcal L T R

a7
PN

o . Y L ' ’ :
‘. T ) i
'Of‘the-forest soil macrdf"nal-the Coleoptera, Araneae, ano
Dlptera numbers Were nOt unusual ‘however the enchy@raeld numbers founc
> [ ® \ . . .
were Lwo orders of magn1tude lowe* rhan expec*ed The hand sampl ng of

Jhe macrofauna was xnbended to be relaFLVPlv quantltatrve- thls

N c

Ld . . ]
‘

probably was not acn19Wed for *he enchytraéhp populatlons An_ )

ext&act'on method would have been mdre appropr te for the sampling'ef'

.

@ L AR L o B

. - . . S . v
o K ¢ P e L [

embola commonly,had-:enS'of;spec mens. ulst.'

Y7 Berg and Pawluk.(1984) found 137000, t6.'491000 micrbarthropods_m'g_z




o L - . K .
4 S . .
) : P . . . e,

¢ . _‘". .
.... . - . § - “
S . ¢ . M 1?‘. ¢
v LR . - ! ) it .
S I L. S e R o i :
ina tal’ow tultiva*eo Grav Luviso ’atfthe'Bretdn'Plhrh awd _4 owo rd' ,1” .
. : : T : . 'f . . S \"" ' N SNt
' ‘122 OOO in: cultivaked So0il- unoeravask?us lxrter and \ouetxvlantoxur,,t>' R
pn -2 L ’
W1th an OVeralL mean of 48 000 mlcroarthropods m .9 ?h@se Humbﬁlg, s R
o N ' 'ﬂ ) : ,'._' . R
.equ1valent to 24 fo - 89,-43 Lo zg;, and 87 1nd1vxdual per_co[e, wete
' 91m11ar to the.numbers‘reported‘hert.,'.-' ' e , fv'._'._;t B -
. . . L . [ . B R : 6. S .
¥ Co < . I A ‘ . ST
e : ' ¢ ‘ L8 . . o I
P T ’ : by - E r
oMuch larger mlcroarthropod populatxons rhan those 1N the LuV1an}x - '
; \ . s R SR
B Ap horlzon§ of 4nls Study haVe’been recorded from Black Lht[nﬂﬁ\mlk
, . . BN EHW ‘
';SQiIS- Pawluk 1986) found numbers of mlcroar'hropod a'Bla\k
Chernozemlc sjll unger - several vegetatlon and management req1musf:u Lo e
TS : - . SR IR Lo
£wo orders offmagndtude.greater thanwthOSe teported.here for*LuvlmdLyr" T
Ap-horizons. The sampllng and extractlon merhods were ‘#ﬂ&ldr, HOWvor - “

. -
.

PQWluk s sampllng was “done in the Fall wtif;ggf ion of Lu dx(tu:fnrthf.}.lm

was due~to seasbnal varlabldlty cannot be stated w1é§$ut tull y™ar

populatlon s 1es of eacﬁ 31te, howe ver Petersen: and Luxton’" (lud')

rev1ew suggested seasonal var1ab111ty greater than 4 20 th~" W 10&

o

expec ed.. - .0 e ' - G e
,‘h"_\_’ FE . & .
o e
Do N
AN
' Organic soil "is"a more suirable habirat® for“Acari chan' for N

N

. . . l . ) . . . e - ) ) . : : .’; ) )
Collembola, while the collembolan.populatxonn;nﬁfrequently lr;vatvﬂu‘

n ‘ ¥ C S T S
Ap horlzons.may approach or exceed the Acari popultation. ‘Undestigos:
R S~ b ) shd AN

! ! e ‘i i S . N ' LIRN
litte rs: ‘and- vegerarlon covers ar the B:egbnipths (Ber%ﬁghd Pawlak,.
- . KT N o :

’

‘ L L ot ‘ . R ! L
1984) the Acari-to-Collembola ratio was 1®8z khan Qne;.u:hﬂr grass
[y . X - X N ) " e x b B h T k

litcer and-undér a fescue stand

) { T e o
3ol imy Laroedh "

the Field-3 ratio of ‘tnis study. - ACGLi-t plismnola ranro ol
T e e - % R
“forest (4:1) was "/plCal of poreal for sﬁs'(’f‘anle? ‘ ’I‘%-r:nw%ro:w

. Lo . .



éﬁ o Rield-5 (€:1), Field=%6 (3:1) and Fiefd-49 (9:1) also®were in =his .o . =

‘range. . “—. ST e T e o N\

o
-

;‘.

sh;fa@é:jncrementp: i populatlons tended to be greatest near the ’:{. .‘.%fQ:
' v .t K ) : "v . R N . R . L . .
: e

[sqtface, but 1essfskewed'than-theﬁpopulationsﬁteported in this'study.'
”Berg:and Pawluk (1984) found Collembolan and Acari numbers generally —-\j ° -
R R R e N e N e T TN
greater_in the.0-3p-mm incrementJEhan~‘n'lQWer increments;“howevet the'
‘.','?Zq_i, . . . 0~ e ‘

dlstr1but10n was less skewed toward the surfaEe~ in som€fcases ,he

V.
-«

Collembolan populatlons approached an even dlstrlbutxon w1th depth (
> Apparently frequent*cult;yatlon~en¢pp;aged'angeyeni

syributipn~of;the
f_mieroarthrbpod,pOpulatien“inﬂthe uppeinnineral'soil,fwhilefcessatiqn”of,;A“
“<gcuLthati6n'andhthe-development of organic-layers both encouraged a.

pepuratién"ekewed‘tCWard~the.éur§ace. The Acari {with their tmick -

integument,5their3inabilitygtf bdnsume;minéral'soil”material “and tg: .

N e . A
preference of manv spec1es for 1nvaslon of relatlvely lntact plant
lLtter) had a populatlon orlented mOfe’toward the surface and ,he

. .»

:,orbanic layérs,'than~had;the;Collempdla;

.:,The;Eqrostjﬁadfofaunal‘population_appeared mostﬂcemplex, with many
hyla;'claSses, anc.famiiiesfreptesented.{ Frequent cuitlvatlon llnl ed

2.

lt_.;,g

thp oopularlon of. Fveld 3 to large Inset*a larvae, w1 h Araneae as the-’

dominant:predator,. Phe popula 10n under the'olde:’fbrage'stands had‘"

SR Tt . . ",\ : R . PR .-
[ regained- some Oof its complex1ty, with predaceous Coleoptera, smalleéf”‘}ff?’ v
.. Diptera larvae and Enchytraeidae present. :

. N . . . . ©an W . -
. Y . - ¢
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* - Continuousrforage stands have not entoucage the'developmen('uf'iA

-Che;noiem—likeffaunal-oopuletiong The populatlon of FLeld 3 was’“\\—;) jff

51m11ar to. that of other arabﬂe Grav LUVlSOllC soxls,'and bubbtantldll\

' -

adtered (in SlZe, com9051t10n, complewlty and dlat[lbutlon) from that

!" . ) ~‘ . . \
of tn\\undlsturbed forest. Under a. contlnuous forage dtand, the
i’populathn characterlstlcs agaln approached those ot the orxgxnal :
forest Y ;

L. , . _ o
'.4.4.Micromorphology | = . = - R '

'4.4;1 Reiated;Distribution B

. ‘ P | . S

The forest LrH horlzons ‘had gnanlc to gran01d1c fabrxcs (rdblq;sl;

Plates 2 4a#c). Granic units-were-dominantly plant ﬁragmen!s (in

ge'eral tnese'were increasingly fragmented and humified with depii),

“ejﬁehnal fecaiiﬁmtecial, and, in the lower layers, charcoal frigment: i

‘orgafiic horizons) humified organic matrer, chatcoal fragmenrs,

plant “fragments formed a granoidic fabric. A'signifioant null”

‘" silt-size mineral grains. _ Coalesced fecal pellets and (in the 1dwer

Rt e

R ,. A . . » S o . !

) ! Cot . . ’ . L
component ‘also was present in the H horizon.
v . N :

) . . RS ' . ,‘-"

The cranwc sequence formeo thﬁ domfnanr related tabric sequercr ol

f

. the Ahe horlzons, Pl’a%‘lc) altrough a olgnltlcan' ffu(]mOUJ"

-

_orphyrzc component was present as werl.».Ebhe‘qranLC'
: FE s
(probably fecal) materials similar %o thoese in “he lower Dafer

were found throughout the Anhe, in channels and volds pevween grano:oic
. . . . ;

. o ‘



_ rable 27 Mvc'omorpnologLCal 1_fscrlotlons from thln seCtlons of PPE
nsurface 011 iayers S et R : =

.Pbrest_SitejProfile" - ,;'~ B

L. 8- écm, " Humi- phytogranlc.. . -

Undecomposed and partlally decompoé@d Populus leaf and Picea needle'

‘fragments. : Wt y
Irregular, coalesced (humlgran01dxc) 0.05-0. lmm fecal pellets W1th1n

nlarge phytogran1F fragments,\and free 0.250: 7mm normal pellets dre’.
common. . - . ‘,\_ :

“Generally {50 troplc."A- S . v f' o R

Yellow orange and orangt color

F. 6- 3cm. Humlgran01d1c / bumi- phytogranlc.

. Partially decomposed Populus 1eaf and Picea needle fragments and few
c 0 05.5-2mm roots. : :

'fffMany 1rregular 0. 05 0. lmm dlscrete and - coalesced fecal pellets,
“commonly within plant fragments Common O S 0. 8mm irregular to-
spheroidal pellets also present.._ : . e Ly

. Generally isotropic.

Redd1sh brown to dark reddish’ brown COlor R d S RN

© 3-0cm,. Mull-phyto humlgranlc ‘ R : ,

A complex fabric of coalesced and discrete’ fecal materlal, parrlally,

decomposed and decomposed plant fragments, charcoal ﬁragments, and a
. few zones of mullgranlc ‘to gran01d1c Tomponents. :
. Fecal pellets (0 05-0,1lmm) :commonly . are coalesced into hlghly porous
" wWeakly banded 1-3mm fragmoldlc units.
;4Quartz sile gralns are throughout the zZone.

Some roots.are present.. : . S

[y

Ahe. 0-2cm..  Granic to. gran01d1c // banded Eragm01d1c porbhyrlc to
vughy pdrphyric.

Partialily coalesced 0. 05 0. lmm 1rregular fecal pellets are common in
channels and grouped'rnto porous weakly banded fragm01dlc units.
Charcoal fragments are common.

Freguent reddish brown and dark reddlsh brown to black, normal and
ttregular O 5-2mm nod}les are found often as discrete subspheroxdal
unies. o K :

. Marrix unrts have a sxlaseplc plasma fabrlc

Ae. 2-6cm. - Isobanded vughy porphyrlc REETEE

“Frequent orange to reddish. brown and dark reddlsh brOWn to black normal

0.5-2mm nodules, with inundulic to skelmoseprc fabrics.

Partially coalested 0 OSmm tecal Dellets are rare, afd llmlted ko small

aggrotubules.’
\\_/‘
Roots are commoh.

The matrix material has a silasepic plaSma fabrlc

AN

™~

0
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Table 27, continued. ; s e LT B e T
AN : R R . R B o _ ‘

eeld Three | /‘

e .

Ap 0~1l4cm Grantc to. gran01d1c // f[angldlC tQ, vughv polph\[xc.

A fragmeidic. to vughy porphyrlc fabrlc or large\modelar%ly to well
accommodated unlts . R S v .
'Numerous craze planes and: channels and subhorlzbntal to horiz ontal . B B
jOlnt planes, Wlth flne numl—matrlgran ¢ and metafragmé;d1e—matnr1db. ' :
Common charcoal tragments. ' ‘ ‘ '
Common roots._ ’ v
common-partially decomposed plant fragmenos
Agégotubules of 0. §3-0.1mm 1rregular fecal" pelleLs

Many reddish brown and dark reddlsh brawn to black 0.3- 2mm normal" SR 5&\\l
:nodules : O . SN e oS < -
Generally dark brswn in color. . . T T T N
Sllaseplc to weak skelseplc plasma fabrlc : s L ;’,"' ‘ i _\\' o
, : A . : 3 . S S <
. Also present.are zones and nodules (1 to amm).- of a light” gyay Colored A b
porphyrlc ‘and” fragm01d1c posphyric. maEerTal '*L"u LT E f, ‘s i
:Few, small normal nodulés (0.15-0. .8mm) . D e T R
‘Créze planes and-large chdhineld N I-4mm) are~present . : e,
Fine fecal material limitéd to -a Epw channels CE et
Silasepic plasma fabric. , '
-y

Field Eight

-~ . - ST b]

I Turf. 1-Qcm. Mull humi- phytogranlc., P I U ' .
Undecomposed and partially decomposed plant: fragments, wlln many 4 T
discrete- and partlallv coalesced 0.05mm and few 0, 3mm ‘ecal plll.ﬁ% '

N .

ITI Ap. O0-7cm. Matrlgranlc matrlqranOLdlc / Weakly banded g*xnoailw
porphyric. ‘ o
Suboarallel to gq‘allel jOLnr planes, with weak banding ar rhne Z-dem
deoth - _ Sy .

Néng fine (0.05-0. }mm) discrete and partially LOdl@ cad tecu) e s
usually clustered, in .channels and voids. )

Few large (5% 20mm) and‘Trequent smaller aggroxubul‘; T ‘;nhgfwvnl
material, and large (-2=5mm diameter ) channels with frequen:
longitudinal root transects and common fire irreqular beca ool o . ~
Many reddish brown to black 0. 3- 2mm normal noqule and common vnrrfial _ o
fragments rhroughout . -
'Sllaseplc, brown cdlor.

r

w
.’

N

. . . LR .
) (\ R , .,
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III Ap Ofﬂlbcm“: Gran01d1c pcrphyrlc 6 ‘vughy" porphyrf&,

- Frequent craze-planes and subhorizontal to horizontasd 301nt planes W1FQ$,
-some fine matrlgraﬂlc\materlal ‘in channels and planes
Fecal material ‘is rare. : : aE

. Many reddxsh brown to black 0.3-2mm normal nodules and common charcoal

. fragments . throuqhout . - . ; "
'Larg‘p(z 8mm) orange, brown nodules common, espec1ally near the lower

.‘ .
e

boundary .:' \‘\¥ , - - : _.‘”¥ - A
{Nange brown to irght brown COlor B = LT - B
. B : ) s, .
o v Ap.T §§,3qm Weaklj banded vughy porphyric. Ve A S . .
“Wughy pors“‘rlc material with subhorlzontal irreqular joint planes ¢ .
~Eew fine (0. OSmm) dlscrete andeagt*ally coalesced fecal pellets, ?@, C
usually clustered, are fourldgin channels and v01ds..- e =

M ny reddxsh brown to blagk 0 3- 2mm normal nodules, and~charcoal B

- . - AN *, .

-’Rieldzs. R e " .

i " .v l - iR ) .
1 Turt 2.-5-0¢cm. Huml phytograme : ' e ‘
A complex of undecomposed and partially decormposed plant ‘g&éments, and, ,,g"

" irregular &nd normal.- partlally coalesced and discrete 0.01-0.1mm and .
diserete lrragular 0.2-0. Smm fecalvpellets, with a weak mull compone1 . ?.__“;
rge (3xlOmm)\phenoclas 's-0f matrogranoidic matergal may be presenc j o
& undecOmposed plant. fragments are anlsotroplc.,lq_ N
The: turf to Ap boundary. is abrupt, with 1l- -2mm: of granic to. - ’ SO
matrlgranOLdlc porphvrlc gradatlon, and very 11 tle mull formation E
, A
IT Ap. 0-11.5c¢cm, »Weakly banded vughg porphyrlc / -vughy pOth]flC
An’ 1ncrea51ngly dense fabric with depth, with skew planes and sub- o ¢
horizontal'to Horizontal *oint planes and numerous metavughs and ' '
_<channels. : ' ' » LA - ..
V‘Flue roots are common, with narrow (0. 1-0.2mm) v01d berween the *ooc e T
- -;ﬁe matrix material. o . o ‘
: undecomposed and partlally oecomposed plant fragments.. .
Fecal materlal is fine, irreqular, coalesced, containing silt materlal
and is uncommon, limited Lo a few falrly small 1= Smm) channels.
Many vharcoal fragments. - -
Many orange, reddlsb browh, and dark reddlsh brown to ulack lrregu ar
o normal (. 15-1mm nodules.
Silasepic to weak skelsepic fabric.
Generally light brown coler. - !




i,

"‘Many aggrotubules of £ig fegng materhal 7 - :
Ap 1- llcq, -We\\lyv ‘ vughy porphyfic X vughy porphyric” . //
An increasingly dense fabric with deptif,, N : - Y
Subhorlzonbal to horizontal ‘joint and igke.planesfandinumbYoos . -
metavughs and changels. . b . PR

_Fine roots and obllque sections-are cofimon, wWith narrow (0.1—U.qmnﬁn'f

~’\vmds between the root and matrix mateérial. = | : Yo e e

7 " Fecal material.is “rare, fine,~ irreqular, coalesced, gont:zning'-f L
material, and is limited to a few feitly small (l—Smm) «hunnnrbl"
Many charcagl fragments. - : e
Few: undeco??gg;a and partlally decom osed plant Lragmkniul
‘Many. orange, Péddlsh brown, and darL reddisht brown toblack :rrvquiur‘
to normal 0.15-1mm nodules. : ' T
Silasepic co weak s sepic fabric. R ; N
Generally lignt'brown'colOr, . - : R
Ae. 118 2cm. Weakly banded fragm01d1c ooron/*' S Ny, nozm'/rlw:
Small zones of fine'matrigranoidic material 1n Jun>o/f}onrji i
horizontal joint planés. and channels. . ‘. !
‘Small (0. lSﬁm) to medium (0.6mm) reddisn Frown Lo urs comiron brown
nodulés,are common, ‘ ' : &
Sllaseplc ‘plasma fabrlc ‘ L -
‘Generall\'llghbps color than the Ap above, s,
- . o ¢ -]
-
' \ )‘,i‘f‘.':
. B k “u ® "s‘
5
~ 'S
- ' at

s H' M l-' N
o - : . . [
. s .l'
L A - ‘ > \ b - \
. .- o : s ) T . " v
NI AR R T .
Takle 27, continled. - DR R R S
L o : . ‘ =l .
. S ' - "‘;..'
‘97 Field 49. . N

Turf! 2-0cm. Humi- phytogranlc

. ®- ' ‘
A complex of undecomposed and par IR decomposed plant tragmﬂnl~u){Hhi d
-1r{egular and" ‘tormal partially coalesc d ;and Jdiscrete te ~al pulle's

- {0.01~0.1mm) "and discrete 1rregular £ cal pellet (0. 2-0.5mm), and a
wea&amull component -
“The wndecomoosed plant fragm

ts a;e anlsOtropic. ; : ‘ .

v RS . ‘ , \
Ap. 0- lcm Hum1 mull -phyto-
matrxggs.gg@f% porphyric. fﬂ, L :
"A complex. zone gradlng from gragig - to m&L[lgfaHOLGLL porphyriv with
deoth,vw1th a thin uppe[ zone ot gradatlon to . the fabflk ot. the rupy

axrigranic //;nafnigran01dic /7

.

'.above e . C TR ST -

‘Many oBligue roors.

-

ot



- Plave 2.. -'I‘hm’ sect‘ons <of sur*face horlz.ons from Lwo forest orof les.
a. Profile V-1, 0-7 cm; b. protlle V-1, 7 14 cm-.c. proflle v-3, 0-7 -

cm: d. /g’rotxle V=3, I~14 énm. - o
s ! | M '.'. ~ -\

N



Plate 3. Thin sections of soil surface horizons under £4: iie 2
»E.ieldi~3_',',-0~7 cm; b. Field-3, 7—14‘c_‘m,- €. Field-49, 0-7 anm, d.

¢

7‘14 cm, "' s o . ' 7 -, . e ,



wPlaFé A4 Soxl mlcroﬁabrxc features of the orqanlc layérs and tth
undisgurbed forest: A.norlzonb (actual 5cene widths 15 mm unless nored
”orhorW1se- see LEXt for GEbC[lp'lonS) a; Forest.soil upper F layer; b.-
lowor F laver--c/_H uayer and’ Ahe horizon conLac:§;d. Upper Ae ndorizom '
(b\ene width 12 mm); e. -Ae horizon, with ‘large (ll mm'x 5 mi) [
,pedorelch-'f. vu:f laver under the 49 year old ‘grass stctand.:. Labe
xndlgate pellets ot l insedt Larvae, 2 Acarl, 3 Collembola, ano {
_EnchyLraelds.

|_.

(A



Plate 5. 3011 mlcrofabrlc featuras of Ap ﬂOElZODU uhd? 3 yFar old andg
49 year pid forage stands- (actual scene. wxdt%'ls mmanless nowed j
otherwifse; see text for descriptions). a. Field- 3o8p ar 10- zU um'”hw
b3'Fl° d= 3 Ap showing craze'planes ana llqrrvr Lneorpnrated A
‘material,; lower lafr; cu targe’ organ1c pockrr and-channel in Frolod=2 A

(scene width 19 mmy; d. .upper-. lOmm of AP "horizdr-under 49 year o

forage stand (sé!ne w16ch 23 mm) e. Fielg-49 np,‘;f 20-20mm b

Eleld 49 Ae with. Ap contac L near rop of scene.




BT A

1fla*ge,mart14 UanS dld nof appear ro be of Faunal or1g1n '*he Ae

,'porphyrxc, ﬁragm0101c porohyrlc and vughy porp vr'c uni fs 'Most”of.:he:'o

i .

K B v‘ Tw

chorizon had a strongly lsobanded vughy porphyrlc fabrlc (Plate 4e),

,wlth a mlnor flne granlc to gran01d1c component in. channels and v01os,~,f

:_feapec1allg near the upper boundary of the hOIlZOh (Plate 4d)

“‘ﬂ:matenlal (PlatQ 4f) /Some coalescence of the fecal materlal had

e~

;vughy porphyrbc, w1th granlo'and gran01iéc components llmlred (o] fhe

The turf layers of the agrlcultural 301ls were composed of planf-:

vroots and fragmenfs, partlally decOmposed plant matter, and fecal-

/

i‘occurred near fhe mlneral soil~ congact .u7w,'
' The -ic'sequenCekcharacteriZe&.thefculéivated mineral soils'
‘(ﬁlaEesf 5). MosL of Lhe matesgal was matrlgran01d1c porphyrlc o

“upper_few centlmetres of the;cultivated sbil and'to'aggrotubules;

Mlxed complex matrlgranlc Vughy porphyzlc fabrlc occurred 1n “he upper

e R J‘.

N,

'lOmm of the Ap horlzons of Flelo~76 and Fleld 49 (Placede). The

’ I

aipremalnder of the horlen was domlnated by a dense vughv porphvrlcj p"'

':abrxc (Plate Se fl Some large;tragmoxdlc unlts were_oresent in the

Field-3 AP (Plate Sa*cl. Planes and aggrotubules were largen and, moref!ﬁ

X - vuy
-

ﬁr»quenr 1n the erld 3 and Eleld 8 s llS Weak bandlng was féGEE\x

~ .
all Apjnor1zonsc :

SO




*1 Fo
I J 0
4
! i ' - x :
. : M ' . -

A - T . . . . .
R 'blmgle patklng v01os were domlnant rn‘ﬁhe orqan1\ bay

+ B . K

Channels and chambers, often partlally f1lled w1th ing tt«hl.mAIerAIQ, e
"’ g S R

. » n ey . 4
were present w1thln plant fragments (Plate Jb) 'The H horxton ot the .
forest also contalned compound packlng v01ds and ehannels.hWeakfbraxw' - \, o
planes wereffound between, but also 1nterconnected vughs wx'hxn huml—, o
. .. “ ‘ PR . . * N 1
fragm01d1c unlts in thlS layer. SRR
A
channels, craze planes and subhorlzontal ]Olnt plane“ bW'”“‘“ uxx' _— f} ) ;i
-'. . ) ) . : Yo T e
and 1nterconnected vughs and vughs WLrhrn humlgranOLdlu'unu purphvrh
unlts;_ Plant fragments and root transects ofben: were par'XaIly
-8, reWOrked by fauna ; A s e
: 5 B
- . . _.\- o . '-, '< . . - . 4‘

The VOlqs of. the'AeTnorizon;from'the”forest (Plate dd, ) were

S

- vsubhorlzontal 6}5 mm-:hick) 1o1nt planea, 'uohs, Jﬁd:rwur

4hannels. Compound packlng v01ds were llmlrwd %9 occa,lqnal
' . . .' . . . i _."' o '4 v : :v
aggrotubules. The 301nt planes were mucn 1 SAn, the Kelnorvon! N
of‘Pield—49 than in .the forest Ae . - R T '
g ] . . . ‘ 2 ' ' \ . ' ) v RN ‘ N sl Yoo
Cer e R S ® i PR R ¢
SRR SR R - R, i . L
" s, The Ap horizons of Fi'ld-2 and F.uwld-4g Qantarned afy ov oz oyt
- do ort ‘ LG egntoann A -
“j P ¢ ) e ) PRURI » o 4 . .
skew planés and large roor channels (Plate Sa-c ). Cosnne’ s fdoro. S

-, 3
T K T S , ' Lo T S
7, NDUM@rous in the upper soil: 'Much_of.the UPPRE 5011, aLa 000 cNanne

ar lOWQL‘ y ‘”O"l"a T ‘};-‘.;:;:,'){';:.;:/Jt-- vy . ‘., S
i i
vughs and VUNhS Were common. - hrougrd narer Lak . R
’. . p y : ] N N , *
‘ f—T . .
. * - we
@ - . .
. . g - &



": \\—/ﬂ;etal pel'ets found ﬂ\\\he fgwest onganrc layersilncluded '\%.V —

‘e . . . -

and . flne root channels, flne skew planes, subhorlzontal 301nt planes,

Lnterconnected vughs, and vughs throughout the horlzon Very f1né Yoot ,“"'

'channels were common thrbughout the Fleld 26 and Fleld 49 Ap horv20ns,: B

Ap hOKlZODS (Plate Sd,e) ‘than 1n those of Fleld 3 and Fleld 8 (Plate'

o

‘Sb).-“ ;1{ - ;‘,' SR ”t"'n: o 1 | R i». S ﬂ?”

4 4 3 Fecal Pellets . . A \v' ’ ' _

L e IR SR PO b
Fecal pellets were present in all horlzons from which thin

aettlons were prepared, however they were llmlted to channels and vords

N ..' v‘ ‘_." . . ‘ B . ‘e . : v o

in: rhe ‘mineral hor1zons, whereas_thev formed a large portlon of, the

. ‘ ~ p o A " zfg;

matrlx ot the lower F and 0 hO[lZOﬂE q; the -forest SQll \.vﬁ: .

P _ . , ol

" R Do ST

.
s

emall&if@ 50 um and 80 100 um) compact, spherlcal smooth

, . .
SE b

. v sarfat d, brown to;oark brownnpelle s, Within (and the same color o
' oo " % : b .
L agy plant materlald or in clusters free in Lhe s011 throughout
o .. N ‘ oo

, . v

- vthe qrganlc layers of orabatld orlgia (Plate 4b)

'-‘u N

*

2 13 lar 51zed spher01dal irregular surfaced, and often
; ( ! -anag o
. N . .

coalesced‘dark_orown pellets. of ,humic material, occasionally




B A * _.:E ; - v-;;tf
. . . & ‘F"‘
- "_ . IR B -
g ' 140
’ . . B . :
malnly of tollembolan orkq1n (Plate 40)\ S _”; ‘ .;‘i’l‘l'}f S
R E . ) \ = > e . !
3. sllghtly larcer'(lOOFZOO um),;similap,toAthegeollemboian' '\
T ] S ' ' L. I 1.;".3
i .pellets,.found 1n the- ower F and H horlzone probably of .-
enchytrae d orlgln (Plate 4b,c); and - ”“fl ed '
4. large (0 6 1.6 mm) usually spher01i/l} §mooth orllrragular .

tsurfaced contalnlng plant fragments and/or smaller tecal pelluf”

and occa51onally 51lt gralns,,alone or in - tlusters of 2?5;

"y o
.throughout the organic horizons probably of 1n larval oTIgLN,
. (Plate 4da ).."' C‘;g ( T

Fiwith fewer of the large

e

-,Pellets of the turf layers were 31mllar,

Qa§1ze (Plate 4f) They were most common in thd lower half ot rhn tulf
and.frequently=were found grouped in (Often paftially eoalesced) bandd
: i e R v N S '

_or gones.’

. . . : o : St L ’ 8%
Fecal pellets found-in the m}neral horizongywere 2mall (50-200
- . - .. : : FE . . . . .
! . . \g .

Y

um), clustered in aggrdtubdles and channels (apoarently of collumbolanf

“ g .

Orlan' Rusek, l98§TT or Wwithin decompOSLng plant materxal (qppur'n'l/
. ‘ SRR

-of orlbatld orlgln) . ?ellets:werewcommon thréughdut e traz#
. - A.P : By .. . N

.

g 1 EReTags '

' »

A Lon ol

- ahd,thannels-of the forest.Ahe (Plate 4c,d) and the upper por!

] o
¢

the Field-3 and Field-8 Ap horizons. Aggrotubules wWere larger g more

- common in these horizons than'in :he Ap horizons of E%«‘ddg; and L g0

Field-49. -Except in the upper 10 mm, fecal péllets Wereirapu pnonhe

. N . ’ ’ S V'J "
larter rwo horlzons. : : . ' R i‘

L -
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'
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4 4 4 Orhef Pedologlc l ?e _J;és-

Oranqe brown to dark brOWn or black nodules were common th roughout

the mxneral horlzons. Slmllar nodules in A- horlens of Gray Luv1sols

Y

'.and LUVlC Gleysols have been‘shown (Arshad and St Arnaud 1980) to be
\

(I

_:alron manganese concentratlons, caused by restrlcted dralnage and
resultant,frequent-SatUration_ofbthe uppe: solum. o . i _ -

. Aggrotubuleﬁ!were found in all mlneral horlzons,,and were most

Pl

jcommon in the forest Ahe and 1n the Ap horlzons of fwelds three and

I

_1ght. Aqgrot bules ln the Ap horlzons of Fleld 26 and Fleld 49 were"

.

hismaller than those 1n Fleld 3 and Fleld 8. The tubules contalned fecal '

~pellets of mull materlal or granlc matrlx unlts of unknOWn orlgln

..
o . S
e H : RS . :

Three types of oedorel1cts present were "J_ . ' ‘ H

'.Liy wedges<ﬂhorlzonta1, to- S mm tthk) of Ap material 1n el
s . AR TS 8 bg. LT
N ‘ .‘_-; qn' 7 . .; i
T layers of Field-26 and Field- 49, Has I %‘n

- i ‘ m g

2. Ae or AB. md%erlzﬁ 1n the Ap horlzon%aﬁaﬂgeld 3 and'?h&lg;SA
: { o PR

Co 3"

" probably due ta rec¢ Der olowlng (Plate Sb) and-

3. *a‘hori;ontal recta ular (5 mm- x 10 mm) zomne of dark N iﬁ
(presumably Ahe) materlal 1n the Ae. of one of the forest profltes

v H(Plate 4e). “This most’llkelv was an olgd aggrotubule from a root

channeiﬂ'since‘compressid and banded”by the forces responsible for .,; ;4w”
d : R AN . ) “g i ‘
b e - g e >

the strong banding of the Ae. -, , ' : , - UL



S

iron—manganeSe coneietions.were.Obeerved in‘each

this study) but dld descrlbe "very dark brOWn to black organle bodlwr

_51mll'r to those called,-melanon'

“.

4.4.5 discussion. 0 oL T . - e
sThe‘micrqstrUCtute'Of'ehe uoper solum ot Lhe forest Soil was

e

'7‘51m11ar to that of Gray LuVLSQlS‘deSCrlbed by Hotht and Pawluk ths 5a)

«

and.santos-etf_al. 11985).’ﬂjStrongly-banded(Ae hdri'dns witﬁ‘.

tudv., bJHYOb et, al,

P

(1985) d1d not observe fecal matefTal in the L horlzon (whereab eomn'

bbSerVed injthe L.ﬁorizbn in o

BN [t
) o

bY Bal (1973)F, in the lowwr5orgﬁniv

layef%,iand concentréted:at the bottom of the H horizo

-
-

*Signs of :>highly active faunal population in the LFH horizons,

N

-and low activity in -the Ae, similar to those observed in this s udy,

were commented on by Santos et. al fl985), as a challenge RO v hes

S
-

;asgdmption that abrup:.horizon boundaries imply little faunal acrivity.

-organic. layers and their faunal community is rhe

The fauna observed-here are not able to mix the.mineragl soil to 4
7

significant degree,.but are very instrumental in the structura]

development of the organic.layers. The vertical atratificalion of ¢

esdlit of a fecdback

. .

relationship between them, and with the micro
N . a H

Toradd communicy, and s

8

,driven by various environmental factors, inc¢luding jraciicnrs of

o

moisture, temperature and ageﬁph substrate, ) o 4.
Y. .
<> _ at
' 3 : o .
The microstructure 0f “he ubpper solum of Fpejof-2 e oEimlar oo

that observed in the Y{rain/forage rbﬁetion plorz a. Brevon (Pavl .,

1980). .Granic structufal units formed by cultivarion are woean; W'

v




[

. ®* and where organic materials were evident, Y

.

'fime Lhey COdlr ce’ to Form a‘cranOdec to vtghy porphvrlc

xncorporatlon of manure and plant materlal w1tn Cultlvatlo

A7

fa

pigmented zones., Some of the frequent large channels present probably

LA

: jegume roots may “have been‘formed_by the plants. Some mu

li'formation

. T : e S . ' . ) e
wasfevident in channels and tubules, especiadly near the soil surface,
ST 4 . =° B ST v

may have been lnco?porated from the AB horlzon by cultiva
Cowt ~ -

P HaS _
zonesvhave remained'discrete from the darker Ap matrix.

Al,m-,

of Faunal 1ngestlon of the matrix material, cultivation is the main

. »

tion. These

In the absence

2

_aOll m1x1ng factor. That these zohes remain;discrete.from the darker

k)

Ap matrix suggests a recent deeper cultivation.

materlals decompose and the v01ds they ocgupled,ipd the ¢
‘reateo by ultlvatlon narrow and close. ‘Blevins et. al
. } . .

xoporred rhat macroporosxtv detreased under a no- tlll manaa

- ‘ . - 1',‘ .

L

system, and micropOLbsity increased; the’net gffece was a

)
reductionsin ooros1Q§? and an increase in bulk densin.
N .o I -

e

'_withxtime under éﬂdontinuods'forage stand, bur1e€f~kgan1c

hannels

(1984)

£ota

.“ - . Q : . . "L
, . ) . A
k .)',
All Ap norlzons had subnorlzontal jaint planes- in “he o&oer

stancs these were *heudomlnant torm of large v01d KWherher,_nese were

k-]

trom compaction, greeze—thawgacg;on and ice lens formetion, or pboth wWas '




¥ AP horisons at

.‘...v . . 0 -
v { S -

~Signs of faunal act1v1ty under the older staﬂds were 10talr ed

RESE T e I N

the turf layer and the upper lO 20 mm of mlneral sorl » Mull'formation

- was mlnlmal, and at the mrneral surface. Fecal pellets were most .

abundantrln the lower turf; thlS pf%bably 1is beLane of both \ ]

localrzatlon of the- faunal communlty (enchytraerds were round onlv 1n - L

*the lower turf) and translocatlon by Water.

)

The matrix material of'the'Ap'hOriZOns of Field~26‘and'Fie1d—49

was. lrghter colored ‘and more homOgenous, w1th a blearhed 1ook in rhin
n... - "
.seetron, compared W1tn that of Fleld 3 and Field-8. This mhy bﬁ?.

evidence of continued}leSSivage;under the .forage system. There were no

S ' FYEIRS. R S
signs of development of a Chernozem-like mull faBric.{(Pawluk, 1986), or

even of a well channeled and dark kolored granic fabric like thare tound
‘. ] . ) N . . .
. ST oy ¥
_-in the forest Ah& horizon.. .
. e
,l . KN ) ' : o ?‘(
: : . . '
. K ! 4 M
- " ’ ' _ ﬂ&“ . ™ '
4.5 A Synthesis
N hY
The observed micromorphology and signs of faunal acviv:ey from b
thin 'sections correspond well with the faunal papulation dafq.%a
Large pellets, typicaffof insectﬁlarvae,and Gasrgopoda w~ru.u3pL~:aleu ‘ S 2N

common in the L and F 1orrzone, collembolan and acari %x.tz“xx eer

found throughout the organl% layers, and enchnyrraeid pellens were oo
S s ) .

pellets were much lessz common oo

-

the # and lower turf layers.- Feca

—

3



“fﬁtne‘mxneral layers. The-faunal populationd’

'»("_Earthwdrm pellets Wefe:nbt observed in any of:the tRin sections,

s . o

‘pantern. Also“thehélustered nature of co¢lembolan'popula+10ns at- oeptn

o .
<f

.nor were eathworms,found in the faunal samollng “-No réaSon:for *heir

absence was ev1dent, al hough it may have had to do Wltn fhe pH of the

Vi

“ao1l relatlvely 10w organlc matter leVels, or 90351b1y the presen‘iyof

\' " N

; N
A qualitative correjation vas observed between faunal population -
. "w.'\’ L ] ) o

complexity, in terms of numbgr of &aga-obsegved, and microhabitat
_ , . 7 R A

complexity. The stratified organic ‘hortzons of tne forest soilIWere
p b4 rat

* the iost gomplex mlerohabltat systems, and had the largest varlerv anqﬁk

"\},

.number 5f fauna W1th clearlng and cultlvatlon /phe habltat complex1*y

O v"

=

was greaLly decreased and llml*9d to .a few channels and vo;ds in the 5}:

L & o _
”The faunal populaéidn of Field~3‘was the least
. ~.

he d?velopment of a turf layer in Field=8" 1nt*oduced a new&h

mineral soil
complex..

habitat; more: complex macrotaunal population was observed With

. 1 v
thickening the purf in_Field—26 and Field349 this habitat showeg
,\ o
strat flcatLon dnd a hablfat for enchy*raelds was developed

v

ey

Enchytraeids are highly sensitive to moiscure stress, and feed on

microarthropod fecal materials (O'Connor, 1967). The only appropriate

o .




anv1ronments in. tne study Site wgtevfhé ldwerforganxd Layers. of the
. ’ £ ‘ \ :

_b"a ds, \m;"\u o fL 1 pellers had o

forest 501l= and :he older tora_

>

fln organlc matter content in the cult1¢ated2§p

'ig;e Eoresﬁ Ae was ev1dent in *he Lolor of the matrlx

materlal anq in an lmcrease ln mull‘materlal 1h the upper few

l‘ ( .

'centlmetres of: the hor‘zon. The EOrest Ahe had hlghEK organ1\ ma\tux‘

P \ N

and.mqré»humrc:and mul i’

i-

_ The incfease in organic mait oy

v

‘,ﬁ? S : ﬂg-;._ ;@

“-_’ s

of any ln(‘reaa@d qra/tng

. . ,
v . .

The absence of azskg/iflcant ana51on of the Ap horiz on b/ S0l

e B
: f-‘, ! ,, t : Y
fauna, w1th/f1me under a, contlnuous torago systhm, 15 not uadxl/
e >
N : 'Q _ . _ : RN
explalned from thg ciﬁa gatherﬁd , The apparPn' docrﬂ S 1h}mawropnrrn
R o

observed in the thin sﬁﬁti” s, and_poss*oly reflecred 1n P lnorensg

- JEETE :&5‘.‘ et 'Pf‘

in bulk density from Field-3. g0 ¥ield-26, may'naVP discouraced -
o R ' MR . ot Lt

v : . . . _ ",'." i i .
non-burrowing fauna from invy ¥ng gne mineral layers. Caroorn aha
: - . w2 . ..

biomass contents of the Ap horizoRg remained Lower than rRose ol

w

. Chnrnozemc Ah or “Ap n@lzom\(‘{érﬁ*y, 1980; Prml 1954), '-"n';‘.'fz,x‘/
hava 'eachod a levol which provides adeaquate Zoodsuffs tor »nw'
’ s -
micrqarthropoda, :Withoutithe commlnutinq'and“mnll Corming et te e
.earghwormsy tne‘devaiObmené of a m:cpahabxca; suitable ;0

»

r

frim Fleld 3 fomFléla 49 was not aVloent ithhinasection, howéva, Mor
e ’

1n thp E‘leld 49 ABW’ ]av




Cmicroarthropods may & a.very siow process of hundreds of yekrs©
lannual croot turnover, for which the fine, pereénnial, rurf-formi\ng

i R L : » -
of the continuous forage

.| “'grassesg. stands may not be well ‘suit¥d.

e




5. CONCLUSIONS®
K

a

wy -

horlzons. Flfty three percent of the carbon and 39% Of the nLtrogﬂn ~

-

)

;locallzed 1n the)hlghly stratlfled microstructurallyycomplex otqanic.-

The blologlcal reserves af a Grav -Luvisol under V1rgln fores Are

-'supplles of the 5011 to 35cm deprh were found in Lhese ‘horizons e;The

”'mac;ofaUna end‘micrca:thcopod.populations”were located there as woll.

. . B : . SRR . Q) - o
Under a long term contlnuous ﬁorage stand this .biostriicture was
o L , R
, substantlally altered The,organic’norizons wera replaced by a
. R , ; R LT

-fhinner, and less hete;ogenous turt layer, w1th a reduced dnd less

diverse fannal‘popnlatien; Only one- quar'er of rha carbon‘nnd_
. v ~

one- flfth of the nl*rogen of the. proflle to 35cm depth was found in
. 4

turf. CarbOn and nlrrogen concentratxons, and bloma”s,actjvity‘erw

51gn1f1cantly hlgher in rhe Ap horizon under the Lontlnuou toraqi

stands compared with the ‘oresr A (Ah= plus Ae) horizons.

[

- . R . U . - 3
g . : - [ o Co
v . . e ; ’ - o o: i o
. ' , , . . o L
- A o )‘_.,: ’ . ':. ]
The effects of some long-term'processes which are fnterrapted by
- . - .;; ) . - T ’ -
cultiva$ion, were.obsefved by comparing s9ils under torage stands nt
. .. - . AN
‘dlfferent ages. CSWhlle the Faca Weoe Qomcwhav ambiqguous, car?ﬂl 10
n;tnogen concentrations abpeared greater in nhe Ap hofizon unacy fwgfwr
“year old forage stand than under vwhe 3 year old srand. SO hiomano
° . s , ' ,
also was greater. Bulx densiry ©f wne Ap MOrizon anpearcd to iaerioe.
) . : O . : .
Under:continuous forage, possibly reacning a max:mum aicer 26 yenr s
then decreasin@ again. The concurrent developnen S orniea ot
layer may have Bdeen importanrt no noug .
Itgwas certainly impor*tant +o -ne e
4 . i

t Hy o




'fW1th the development of a turf layer, populatlon numbers 1ncreaSed and

- Plalns Fragmlc and. granlc structures produced by cultlvatlon had'

Q;tanada appears to lnvolve a dvnamlc process pf reedbacks among varwots

' tauna, bac»erla,.mlcro and macroflora, and physlcal and chemlcal

C

Cdynamics. Theyyoungest t is, ‘the mpst frequently

‘cultruated'sorl) nag theZSmallestdand&least diverse‘faunal_popuLatiOn;7

..4.

“fa habltat for an enchytraeld populatlon was formed, The;micharthrOpodz

LN .

'populatlon became more skewed toerd the 5011 surface, and was almost

totally domlnated by Acarl, partlcularly Or1bate1

.d‘. -

1-Despite tHefincreasedfcarbon;;ni;rogen and blomass ln the Ap

o &

™

»
.

honlgon under c0nt1nuous forage comoared w1th thosealn the foreSt Ae»'_r

5_’horlzon, the 5011 has not deVeloped a mull or proto mull m1crostructure

yplcal of Chernozemlc SOllo found under the grasslands of the Great

.
PR

o 4
‘begun to coalesce ln_the Ap hOIlZOh under Fleld 3, and were c%gfletely

N
1 B

coalesced after 26 years under forage Except for the lack of strong

-vlsobandlng, and a darker color,;tne vughy oorphyrlc mlcrostructure of

‘%ﬁe Ap horlzon under long term contlnuous forage was more 31mlla; to

-that'of.the forést Ae_than theﬂgranic Ahe horizonf dnlyrat-the'mineral
. . - - . B O . o ‘ “ v . . .

‘ surface“andffn a few aggrotubules was"faunalwactivityeevidenE/fnvthe'Ap‘

‘horizons. W1thout pedorurbatlon from larger sorl 1ngest1ng fauna

'l(whose absence was noted but une<pla1ned thg faunal”role'in~fabric

Aformation,was'mfnlmized.f e RO ,

- v

.
-

LK

The development of a mull humus- form 1n the Great Plalns region of:'

&

-oroceSScs of £he 501’ : rabrlc development in a Gray LUVlSOllC 5011

e : : “ w ok

DA

~ .



raction

'under contlnuous For q _has[notﬂbeen dominated.by.

Whether{ittis being dOminated byvthe lessfﬁagé pfocesses chaxacterdsth

) - < ) " l, .

of rhe 50115 of the meglon (the atldlc ngttre o the tur: laver, aho
. " , v

processes of breakdown and coalescence of granx unxts tormed by

BN
-

:cultlvatlon, and the homogenous, almost bleached appearance of the

N , . n X ,\‘):
B R 0

‘m@crofabric may suggestmthiSJ or is in”a staqe in”t[e mull devnbopmwn'_

)

Q

process nOt v151ble under the mlcroscope (LODCPlV&blV root. and

mlcroblal bioMmass and s0il organlc matter concentratlon and qualtty may

A;be approachlng a crltlcal level tor faunal lnvaalon of - ‘L h mlnv'al

< *

.3011) cennot be stated W1thout ‘a dynamlc studv ot Lhe'carbon cycling

e
} 3

~and hydrologicfprocesses offthetsoil} KT
~ . P : : . ’ - B R
) . . . ° -«
; ‘ .
. . . " IL' N -
. . A e C e
‘QQ, .
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