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' :;fgrasses and red clover was unsuccessfuﬁ regaFdless Qf 11ne;

NH3 found 1n net bags 4
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.2b

38
.3b
3¢ R
= Strachan (St} Exper1ment #2 (Append1x IXVo. e 1100 0
:3d .

’Results from a ‘one’wa
.-“Strachan St Exper1

Average percent cover o? grasses for each treatment

_Average percent cdﬁer of grasses for each treatment :
-+ (n=3,4 subtreatments). The seed mixture was. sown Jun
15, 1983 ‘at C1, ST-Experiment #1 and S2-Experiment #2,
- and the~First week of August 1982 at Si-Experiment: #2 -
:jfand S2-Experiment #1. Percent cover was taKen: August. .= = .
-2, 1984..:;;..,..,r ............. ,....,..t,,,t,..,.,.,.106', S

Resu]ts from a one way analy51s of var1ancerforrfr' S
"3control (C1) (Append1X'IX)...,ﬂr,tq,....z.,,.{.;:,w;1083:»

analys1s of variance for. -

Results from a one. way analys1s of var1ance-for.

'Results from a one way ana]ys1s £ var1ance”for'Ramt R
'_R1ver (52) Experlment #1 (Appen L O T T B 1 IR

vResults from a one wayyana1y51s of var1ance"for;Ram”,;w,; o
jWR1ver (52) Exper1ment #2 (Append1x IX) T I

nt #1° (Appendix 1x)....,:;;§;ijoé:]:-?.;
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Of the 0 5 o m1nera1 hor1zon at 52 from’ ' £
dUﬂ/B&. R .j‘ ..... e e e o e e e e e e 4} "-.’-:""

of the 5- 10 cm m1nera1 hortzon at S2 from'u_“-
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Ehﬂf:The stchpwle at the Ram R1ver gas plant 1s 15 m h]gh 300 mgl

HISTORY

(

"'?hfgas plant 1n the boreal forest of Alberta 1s spectacular:H“'g'w

j_The vxew from the t0p ofﬁa sulphur stockplle at a 50ur;fw:z

'thlﬁw]de and 800 m. long The brlghtness of Yellow on a sunnyr}!ji;;

'f"day f7'1n contrast the dark green of the conwferous;fif'wi

';lfforest'- an 1sland of yellow 1n a sea of verdant green

5lemental sulphur (S°)

R ’ﬁ/
[,wh1ch 1s 1nert and Water insoluble (T1sdale et al 1985)

GZ:lTSulphur 1s a by product of the sour gas,r1ndustry Molten,f,if*
gd;ihsulphur jj transported by p1pe from the plant to thef'fV““

yellow ¢rystalllne sol1dijf;7¢f

fffstockplle Reta1n1ng walls conta1n the molten sulphur unt1llfjfu7

‘Jigllt cools It sol1d1f1es 1nto a rhomb{g~ form at

v

-ftemperature and pressure although a m1xture of orthorhomb1o3¥ff";

:1iand monoc11n1c forms may be produced dur1ng the coollng ofg;j,:‘

”tﬁthe l1qu1d sulphur.s,pjﬁfjﬂy,_';"

ln eanl1er years. and Stl]l ‘t some gas planﬁs;;thegl%?7"

'g‘sulphur stookp1le ‘iw broken.l w1th front end loaders.j

'“,',remelted and made vunto small slates pellets beforeﬁ

"-f:sh1pping or' temporary storage ,‘Now 1n Sltu remeltérs areﬁfﬁlmi

ffused and theu ]lQUld sulphur '1so‘p1ped d1rectly ﬂf@ﬁiafﬁ"'

;a.reproce551ng faclllty Pr1ll towers.- up, to 70 min height,

| fgprocess th1s ]quld sulphur 1nto ,a read:ly transportable:';”

"x;form Dur1ng pr1ll1ng, the molten sulphur 1s drfgped throughl“

-
IR ) . e AL il : s 8 e A . PRI -, e
. a N DIIN t - S . . B v PR .

i{e.v.



, plaﬁes conta1n1ng numerous holes As the droplets fall air,_ffJf.

'vfcurrents force them back up and they tumble about 1n theiﬁtc}f

“tower tjll they reach the bottom round pe11etsf_ﬁ;;;

N 2

',on W1nd speed

'=7-natural gas (Add1

-V

*Agtthe sulphur stockpwle 1s broken down w1th front end loadersf

v't‘_"_ (appr'oxlmate]y 5 m 1n d'lamter' ) The towel‘s for‘m pe] lets . ‘_‘

“dnwch 1n the same way as. ha1l 1s formed in. nature Whetherg¥7fff

the molten sulphur made 1nto pellets, 1nc1dental Coaes

_' LR

Ram R1ver and Strachan are fit largest and tenth-ﬁd;;7*

became operat1onal 1n 197§\and the Strachan plant 1n 1974'

S1gn1f1cant S° dustlng of ! the forest 1n the v1c1n1ty of - thef}7iT

.:5'sulphur dust 1s formed Both small and larger dust part1clesff_ﬂfp

R “are dropped at var1ous dtstances from the plant depend1ng€}@l€i

"?Filargest gour gas prooesang plants in Alberta, respectlvely ft.{f;
“’T'Together they proceés approximately 13% 0* the. PP°V‘“°e stfittt
on et 1984) The Ram R1ver planf#“‘J

sulphur blocks began at Ram R1verlsit to 2 years earl1erffwr"

,(1978 79) than ‘at Strachan (1980) At the Strachan plant ‘:>

‘f7before 1980 most ,sh1pments -were transported as moltenj"

.

sulphur At Ram Rlver.‘sh1pp1ng of sulphur slates commencedn

1n 1976 and by 1979 approx1mately 2 5 \m1llion tonnes ofni"

sulphur had been taken from the blooks jr)‘ff

Stud1es at the Innlsfa1l and WatertOn gas proce551ng o

plants showed that adequate appllcat1ons of lame restored_*tt
plant growth to agr1cultural so1ls that had been acxd1f1ed‘$

by sO dust (Nyborg.A1974 and Bertrand 1973) However..tn'ai;” ’

3 ¢ .



V_;@\near Fox Creek : revegetatlon: was slow

e
. Y
L TR
" -'_.'.
4 .
:

Acgn;ferousﬁtorest adgacent to a. sourl gas grocessing plant

SR

<.’/’

(Nyborg. 1983) 'j;f?*f{g;jniﬁ"'

*fconst1tute O 01 to 0 05% of the so1l mass 1n f1eld so1ls

'9-/j h

“;}_Tform of sulphate Unbound sulphates are read1ly leached

llif"liunder most 'cond1t1ohs. Under, dry cond1twons, hOWever they

"ifmay accumulate :1n the form of gypsum 1n a. def1n1te layer

"5ifJChernozems) The sulphate 1on moves only when accompan1ed by

Jia cat1on (usually calc1um)‘ and thus the base s lost from

.xﬁhlp%the 5011 and the hydrogen.llOn rema1ns The most readfly

'm,fava1lable form to plants, and heterotrophlc m1cro organlsms

is, sulphate Hogever sulphur 1n plant t1ssue and organ1c

77fydecompos1tion (Gray and W1ll1am§' 1971) Organlc sulphur 1n

ia.plant protexns ,1s returned to so1l 1n the l1tter where it

- = 1s decomposed by a large var1ety of m1cro organ1sms w1th the

'-;release of HQS Some m1cro organ1sms can also convert

-\of-read)ly .ava]lable organ1c 'sulphur In’ so1l represents a

W o
e

'*_hforganIC sulphur 1ito?. sulphate d1rectly . w1thout }Athe"

1 2 LITERATURE REVIEW il;}*ff“ﬁr,ff'}gfi”fTQTf“*? i
[ '1 2.1 SULPHUR IN SOILS ’}°ff‘ﬂf ;fgiﬁij_Tﬁ,fgﬁl.4” |
f Su]phur occurs 'L1n many compounds' wh1ch tOQether fiaii

1ﬂjﬂ(starkey, 1950) ~ Up to 25% of th1s sulphur,~may”be “Hn the ;ﬂ o

-~

‘“;{(Cca) ,‘ dlstance fpom thej so1l surface jliﬁe;fiin“'

':-‘fmatter.~~1s released slowly dur1ng organlc matter E

. {fﬁlntermedlate product1on of HQS (Alexander. 1961) The'amounti




ULy XY a

balance between synthes1s and metabol1sm by mlcro organ1sms

Most of the S oonta1n1ng am1no ac1ds ‘1n so1l appear-to bei;j;:f

| bound to the' mtneral and humus fract1ons (Freney andf%fs

s

T Stevensonw 1966)

A

‘ ,thg’ i 2 2 .; ACID sULPHATE sost

a ;th sulphur1c hortzon 1s def1ned as

The major:&y of the research on, h1ghly acwd1f1ed so1ls}*

r

ks

has been done w1th respect to ac1d sulphate,smls Areas.i“ B

v.“,—,

: near natural sour gas plants have S° dust ,:wh1ch is 1n alﬁ _ff

‘ ;,; reduced ,state (an ox1datlon state of 0 compared to H2504'}'4‘

wh1ch 1s *6) added to the sorls The S° S ox1d1zed and?}*ﬂt:

produces ac1d1tv w1th a pH value less than 3. 5 (Addtson ot

cal. 1984) jg,f'gﬁﬁf5f*s7l".T"‘

.

1 2 2 1 Term1nology and Deftnittons ""c? ;3‘w'

The U S. class1fication system (Spjj Survey Staff3[ff

-

1975) def1nes sulph1d1c mater1als

)

waterlogged m1neral or organ1c s01l mater1als
that-conta1n 0. 75 percent or' more total sulphur o

;gry we1ght bas1s) mostly 1n the form of*3'

:fvsulph1dés and that have less than 3 t1mes as much
carbonates (CaC03 equ1valent) as sulphur 'l

a m1neral or organic horli.p that has both a, pH <
(1 1 r1n water) and HMlth yellow Jaros1te

. \ . .
mottles w1th hues 2 5 or yellower and chromas 6 or fu



'tl haV1ng a pH of 3. 5 or less 1n 0 01 M CaCl (Avery, 1973)

' ‘:-gi‘- one conta1n1ng suff1c1ent sulphur compounds to

0

vtb§§7’.4a pH (1n KCl) of less than 3 5/ w1th1n<100 cm of..

BRE sulphur1c hor1zoﬁ—and may be 1n a h1ghly ox1d1zed cond1t1on

C. 2. 2v2f"Chara¢teristics°*V

'L;mottles of'jaroslte _(KFe3(SO4)2(0H)8) (Pons, 11973) ¢ Soils

fmay have hxgh sulphur contents but lack Jaros1te mottles.

*b" more in the Munsell notatton ) h',d;,;ifjjse k :;ﬂft,;?

The Br1twsh system deflnes.fa“ sulphurlc horfzon 'aH??

“K:"th1on1cf unlt ‘is. deftned in the legend of. the Sotl'
. Map of the WOrld (FAO/UNESCO 1968) ' o

[ cause ac1d1f1cat1on of the so1l when ox1d1zed to"*

Ly
3 <0

the surface

N

Bloomf1eld and Coulter'(1973) emphas1zed the 1mportance .

'4fffofj- d1st1ngu1sh1ng between potent1al fand actual ach\?;

f'tsulphate so1ls Potentlal -ac1d sulphate so1ls have the;
':Qipotenttal ,foﬁ: severe .ac1d4ty due itojh the presence of?"

»'7'sulph1d1c mater1als Actual ac1d sulphate so1ls have a.

';'v i.ll“

The two most obv1ous' character1st1cs of ac1d sulphate*

fso1ls are fa' low pH (3 to 4) and the presence of yellowxf

v '—xvdue to hydroly51s of ferrlc OdeeS (van der Kev1e, 1973) Ah;

@§c1d sulphate so1l may ex1st only a. few years and probably{

'ﬁox more, than'_about '5” hundred years before ac1ds are""

neutrallzed or leached away (assum1ng no cont1nued 1nput ofﬁf;

¢ RN

.":ac1d formtng compounds or precursors) (Br1nKman and Pons.Q»i



. | ac1d1f1ed due to»ox1dat1on of the 1ron sulphldes follow1ng'i,"7

1 2. 2.3 Oecurrenoe FRES

marlne sed1ments are reduced sulfrde muds whlch have beenfg'

'4‘\.

-

o 1981) wh1ch are r1ch in pyr1te With the advent of largevg;f.

. r1ver deltas‘ are ;a pr1me examp]e ‘.of these Catcﬂaysj7m

3 44

?gﬁdld';591phate 501ls ~form on ‘"#0551l“f'martne sedlmentsAvl'

,’,\'

",

h Ac1d Jaros1te. clays (catclays) found on recent coastal”g"

dra1nage and aerat1on Mangrove swamps and marshy badstampslffpff

such those found

(Bloomf1eld and Coulter. 1973). in the Netherlands. Dutchﬂ'

olders and- the1r assod1ated ac1d sulphate f so1ls \are'“

vsn.-examples found temperate reglons LDostT.1973),}Inlandﬂﬁr
tPawlUK& lé?l Pawluk and Dudas,'1978 Foscolos and Kodama.f

sulphur stockplles fﬁ- Alberta,f there could be a- new-"tJ’

oocUrrence of ac1d sulphate so1ls added to the l1st - one ofo_

local1zed area'vnear sour gas process1ng plants

1 2 2 4 Genetic Processes .

Under reduced wet cond1t1ons, potent1al ac1d sulphatef v

4

so1ls are qalled mud clays and have aa pv value near'

neutrallty (qenny, 1980) On dry1ng, the so1l becomes.'“

——

ox1d1zed and"an’ acid sulphate so1l -is; formed w1th a

- concomltant lower1ng of the pH value A cycl1c condrt1on:y

could occur at ii1l m1cros1tes durlng wet and dry phases

—

L

the lower t1dal reaches of large ‘%



V*;follow1ng,i,'

Loe

: 4FeS2
*A(Van Breemen ,,N:;~§5a_g H
3enot go to. completuon 2

0x1dat10n of pyr1te may

- J:anFE3(SO4)2(OH)6 crystéfg?i__

i'-Ac1d1ty llberates K from m1ca. converts clays to so1ub1e A‘;}f“xj

ir:" 1.23

of carbonates.-

7:m1nera1s

,_clay aggregates.
sllconcentrat1ons

-:'crops (denny,

'f‘w1th a
fso1l
~thiOoxidans

,-so1ls conta1n

‘f'jn_so1ls

T

'=?coats ped surfaces and r1ngs

‘_2 to 4 that pers1st for decac

become 1 unstab1e

,saturated w1th exchangeab]e aldminumi

.and
‘thatT
1980)

exCeed

When 50 1s added
concomltant lower1ng
may beq' ox1d]zed f

an ‘abundance

n;ox1d1ze su}phur igtarkey, 1J50)
‘~«_denitrif1cans T nove11us and T.

been 'vrecovered

~

:1nparts

to so1l

‘more

than by heterotroph1c m1cro organ1sms

bé» written

'*g_h---> 4Fe(OH)3 s 8H2504

1975)

:o]uble bas1c

hdo( channe1s 1Inl,‘

strong;sulphur1c ac1d ma1nta1ns pH vdlues of -

and_.decomppse

(Bohn: et 515, 1979)

REd : e~

to the' so1l

athe to1erance 11m1ts o"ﬁany_,

Sulphur 0x1datlon by M1cro-organisms

1t is . odeJzed to sulphate%
of the pH Elemental sulphur Jn;7.
§ rap1dly by ThiobacilTus_“
Fertilei_
of. micro organ1sms\ that w1ll
Thlobacillus thioparus T

mter-medws occur conmon 1 y

Thiobac11}us thioox1dans and T ferrooxidans 6\y¢%

s_jgat1on§ when

except 'j

‘summarily ‘as the, -

Th1s react1on does f_;?'.
1ron sulphatec3fff
as'Jaros1te._a yellow gel that’if““

the absence}hk'

Under these cond1tlons cIay7[3[”'

to form clays;h__ﬁ

solution Al3+ w



A

‘f;d1fferent spec1e§ of Th1:2

fﬂ c0ns1derab1e S° or~su1phate are present (Starkey,'1966)

A (Allen, 1959) 'n‘ 5011 w1th populatlon of severalfﬂ”

l

b

“';carbon d1ox1de as*fits: maJor carbon source (Buchanan andf“

;:1ons) 'and 1nh1b1tors (bacter1c1des; or alkal1ne mater1als)?ﬂj

e(Barton. 978)

P
~ TN

;lc111us the effect of pH 1s notgt

g thiooxidans and. T ferrooxidans grow best at pH 2 to 3 andfif;ﬁ}
L can produq; M 'H2504 A str1ct autotroph Thlobac111us;:fnr'
i thiooxtdans ox1dlzes S° and thlosulphate tﬁ sulphate rapld]ytwkf»

“v;clear Cﬁf}fﬁﬁf9rfﬁl"' 06@91ned Opt1mum : ranges for Thf;}dﬂ*

hfthioox1dans T 1nter ius, th1oparus and T novellus:»fd v
“ﬁcover values from d*o; to 9 0 Thiobacil1us is str1ctly“ji;;
cﬁeautotroph1c in the sense _that vjt Pequ1res an lnorgan1c,;v

fielectron donor an 1norganwc electron acceptor and uses only o

;1fG1bbons 1974) “The. convers1on brought about by Thloba0111us{} -
.tﬁ,'thiooxidans fE\g1ven be]ow . ‘¥£‘ '7'“7: '-“"’_:h. _}yf§;iiff
4 25+ 30p+ 2H20 SS3 4HY 2504‘2 L
ﬁTThe overall reactlon rate is 1nfluenced by exposed.surfacel‘fzt
?farea, /water, part1a1 pressure of oxygen pH ferr1c 1on_”a
r:conceqtratton catalytlc agents (e g bacter1a Or specwf1c;“;

Ac1d1f1cat10n may be needed when land is h1gh in. f.li

I >

o . 3 -
;'-carbdnates. :as’ the ar1d, western neg:ons» of Canada

“(T1sdale et a1' 1985) Solonetzlc so1ls may be acid1f1ed to

- (500. mg) was added to a SoP6netz1c so11 (50 g) W1th and*

\.»rg "ij .

‘“7reduce Vh1gh concentrat1ons of Na* -1ons Elemental sulphurjj

' <”w1thout the add don’ of sulphur ox1d121ng mtcroorgan1sms.zr7fﬂ



| and: ) 1982) After 12 weeks of 1ncuba&1on’
_ :f}the ormgfna] pH value of 8 4 droppedl_to pH 7 8 1n‘the
i 'fj}un1nocu1ated so11 pH 4 6 : with the" addit1onf of T

'v?‘f".;;‘,:-_:"_ﬂt.—l"thloox1dans, and pH 30 3 wi th T ‘thl’ \Irus (24%"' 34% and 84%

of .the, 50 was OX"”ZG{:. "eSPeC“Ve'V’ o

| ‘.'?":,’1'.'_52‘_"4 | '501'[ Ac1d1ty and Liming~:;_- =

d;3i . B Ac1d1ty 1n.sowls has several sources "humus or or _
‘T°Lmatter, alum1nos111cate clays.h hydrous 6&1des of 1ron and ,
.tzgffgjalum1num, excheg;eable alum1num.t soluble‘ salts, ;:; 8eﬁbon | '%?
- :'%d1ox1de (T15dale et “al. 1985) Cfgy m1nerals have a.“L?tf
"'apermanent charge due to 1somorphous subst1tut1on Sesqu1-*'%?
"]‘”ox1des. organ1c matter,; and c]ay mwneraTs also haye a pH

L :'dependent charge generated by the dlssoc1at1on of hydrogen 'f

.*f?f1on5‘from hydroxyl phenol1c or carboxytrc. groups of so11 e f
organ1c matter | Hydrolys1s of monomer1c forms Al+3
”,h(dlsp]aced from ,clay m1neraIs by catmogs) liberates H vdf

“-*Lowers pH, Add1tlon of salts, such sf those conta1ned in ol
errt111zers,. to sesqu1ox1de coated 1nterlayered m1nerals'";
B ﬂfrncreases hydroly51s of nonexchangeable_ 1ronA and a]umlnum

7h:4[ 'result1ng 1n ah 1ncrease ln the hydrogen don concentratron

gzggfjh“}ot. the 'so11 solut1on Excess Hf‘ 1ons h1)7 effect root Atf}_
:‘[?"H_{membrane permeab1]1ty,z42) compete w1th other catrons for .
Z'Eisﬁf‘jabsorpt1on swtes ahd 3) interfereawjth ‘:on transpOrt (FoY-,;ZA'T

;l'gskhf# f,w Sulphurlc ac1d'f—'r@edthfrom;;the.oXidatfchfof'SQ"wili_j-

S A TVL TR N At

NS



- ff”. temperate reg1on “with average organ1c matter (Donahue\"f

- mOSS dropped rom 4.7 to 3. 5 on the add1t10n of 80 Kg S ha ,i"'h'

.g_' ‘ .
"~51m1lar experﬁ:?nt conducted by Nybdfr 1983) ‘showed a

' ac.dtfy 5011 So11 behaves 11ke a- 'weak buffered ac1d wh1ch¥7-hf;

.

N w111 res1st s arp changes 1n pH. Neutra11zat1on of the so1]fﬂ'

ac1d1ty 1s brought about by 11m1ng I g‘d noncalcareous so11_d‘1

et al. 1983) 1t took the fo]low1ng amounts ofls to change -
“the. pH value from 7.0° to 6.50 100 kg'$ ha’ 1 'i"n”sand 170 kg'

S ha 1. in 1oam,‘and,350 kg S ha in clay The pH va]ue of‘

as- HQSO4 after 3 da%s of equ111br1um (Nyborg, 1978)

"L:_ change 1R the pH- value from 4 3 to 3. 2 in the 0- 2 5 cm layerf? '

d

) ».y'

/‘

“and 4 - to 3.6 j_h_ th 2. 5~15 cm 1ayer of the Q.FH ofa .

H2504 ’

7‘_ )

S

I} water CaCO3' reacts as follows "

CaC03 + Hy0. '\-;-> Ca2*- + HCO3 - OH

The rate of th1s ‘Eact1on 1s d1rect]y related to the rate at'tl'

o con1ferous forest to wh1ch 36 Kg S ha had been. added;aS{_-u

‘_'wh1ch OH j1ons are removed from solut1on (Coleman and;."

i

Lo

/1

4‘

h1gh, H,*won concentratwons. ~the solub111ty of Ca2 and'

HCD3 1s reduced E]evatTng 002 pressures of a1r renders

50 t1on,,Ca2+ and HC03 -ions. w1]1 1ncrease :1n number thh‘

Thomas. 1967) As long suff1c1ent 7H -1ons are‘.fn .i‘

GaC03 more- soluble 1n, the form of calc1um b1car'onate.<7

¢

K\marked n the A1 .horﬁ%bn because of h1gh bwolog

< productwon The react1on R r“LV "
. ' »

(Ca(HCD3)2) (denny. 1980) The s'orubmty. of ' . Ca'o3 15_?,'.-"



o ]stand

CaC03 + H2504 + HQO --%-4- CaSG4 , 2H20 + c02

'f*occurs 1nstantaneously\when the react1ve spec1es come 1nto

e f:fcontact (Barton, t978)

:;1;2;5” Fert111zer App11cat10n in the Forest f*ﬁihf*'tr"’

Forest fert111zer stud1es hi‘e shown that fert111zer N

o ﬁretent1on in the forest ecosystem fiS, low. (Keeney; 1986)
‘bfTurner (1977) reported N recovery by ‘the aboveground oort1onbuz
bof the forest as’ 6 4%‘and 5 2% of the added N when 220 or;h
']880 Kg N ha : aSJyrea was applwed to a 45 year Douglas f1r‘ﬁ'§

o

Other N15 work re]ated htoltforest'fnutrftion'inc1udeshd

decomp051t1on of forest l1tter (Overrein . and'BrOadbentf_*

‘1964) and the translocat1on of N in p1ne and spruce Noqnﬂ«

 d

1966) : Den1tr1f1cat19n\ rates Were hwgher ;for’ urea than""A’~'

v-

NH4NO3 1n a forest ‘5011 from Sweden .(P]uth and Nomm1k

_ff1981) ‘ The understoryg,of the forest has not been. stud1ed”

: closely as to 1ts growth after fert111zer appl1cat1on

n ‘ : \ C . 57% "‘

1. 3 OBdECTIVES ¢Aﬂ.h~ SRS C

e
° o

Stud1es wene conducted in*iareas ‘hear * S© blocks to

“determune ‘the feas1b111ty of liming and fertj}iiing to

o

N-a‘ma1nta1n natura] vegetat1on : The ’major oremiSe' was that

‘add1t1on_ofv SQ.dust to a forest so1l resulted 1n a drop. 1nr

4soil"pH;L'hﬁgh'r+evelst'of extractable : sulphate, .and

-

' reduction in both_cover 1and compos1twon of p]ant commun1ty@



v,} ]

(decrease in moss and herb cover,,1ncrease 1n grasses) e’”

--m1nor premlse became that the_fadd1t1on of 11me (CaCD3)

g¢:ratsed the pH Ihe consequent prem1se was that 11m1ng of g,

. . o
//.' s

f.loss of natura] vegetat1on f_:‘

The obJect1ves were:

) to determlne pH change w1th depth and over time‘.attalm'*“ﬂ

"~control 51te and two s1tes ac1d1f1ed by w1ndblown S° dust.

) to compare the‘ rate of S° ox1dat1on in 11tter samplesod
*.ldwlth treatments of l1me. S° and n1trogen | : . :
“i_ﬁ3) ‘to determ1ne' the most. probab]e number of' suiphu}l»
':fox1d1z1ng bacter1a in a forest so1l (contro1 and SO dusted)

"-4)‘to determ1ne the recovery of NH4N03 as_nn%eral N over a ’

_ N
three year per1od _

. v5) to determ1ne the amount of N15 tagged NH4NO3 fert111zer'

lost from the so11 as tota1 ‘N’ w1th and w1thout }1me and S°

6) to determ1ne the rate of m1nera11zat1on W1th and w1thout

*g11m1ng

ﬂ'7)ato determ1ne the effect of asoi]}actdification;iliming,

'"and fert111zer appl1cat1on on. h'natura}ineggjaifond'and

wcultxvated forages in the f1e1d

B

e l{hforest so1ls before depos1t1on of So w111 c1rcumvent the o



S 2. STUDY SITE - ROCKY MOUNTAIN HOUSE AREA jgt7"

.'__.1\

‘”'5.;p2 . STUDY SITE

o dusiimdﬂ

Two gas pTants. Strachan (51) and Ram R1ver (52) are»ﬁt

..__located 13 Km apart,.about 45 Km southwest of Rocky Mounta1n SRR

| TV-House Alberta (F1gure 2 1) The two contam1nated s1tes were'.

- sttuated 50 m. east of the - So stockp1les ControT swtes (Clﬂ7:{3“x

i C2 and C3) were ’chosen in_ areas w1th T1tt1e el % 'P 501

R ‘:

2 2 CLIMATE

The climate of the stUdy'area eiS'cooT ,suhhumidefthﬁ'

Tong, cold w1nters and warm summers The mean'yannuai‘summer,_:‘#

| temperature dis 10°C danuary s the coldest month w1th a
mean of‘-13°C and duly is; the: warmest month W1th a mean-oﬁ;p'

5°C (Canad1an Clwmate Normals. 1951-1980)

The Pra1r1e -Creek. Stat1onvi(Table 2 T; was cooler (by

about 2 SOC) and had- more ra1nfa11 durlng the grow1ng season‘,,ﬂf

(46 mm) tha”' the ROCKY -Mountaln House Stat1on _Thé mean R

'A da11y temperature and totaT da1Ty ra1nfaTT for the Prawrle'f

-Creek Stat1on are- presented in TabTes 2 .2 ahd 2. 3 :j.

“.

3t
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c .- Figuré 2.1. Location of soyr gas ﬁrbcessmg plants and study sites |n .
.~ West-Central Alberta. C1: Control, Big Plots; C2: Control,

" Small N Plots; C3: Control, MPN Plot; §1: Strachan Plots'. N |

= 82: Ram River Plots; 9*, 1*, and 15‘ were establlshed in
- 1981 by Addlson et.al. (1984) ' .

NN Improved Iand (Alta ENR, 1980)

14
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Table 2 1. Mean monthly temperatqre (QC) and tdiéfr‘«'

prec1p1tat1on (mm) for: Rocky Mountain House and Pra1r1e Creek
(Canad1an Cl1mate Normals.:195. 1980) : ]

”"i»L.ROCKY MT HOUSE : i_ﬁf:'_.i ,PRAIRIE CREEK
CBOQ3ENT Ll TBROYBIN
Lo 114985tw 0 o T 1150980y
- ELEV 1015 W oo ELEV 1173 M
CMEANT T Mean-
TEMP(AC)  PPT(MM) - " TEMP(OC). PPT(MM) =
FEREE I P T g T

COUANT -3,

s
CMAR. f';_-54.
B

may  '%_9L

.' ‘1956}*}>n f;:i"-;9w13-f:*20Q81'”",
Casa o e
5534 5 v,f ” ,:f*ﬁ£Q;8!¥ 34 “~;

2

6

7

[

Csep e ae Ty Masar
2
S

| e ss e,
. DEC . egitoc 2230 L -in3l 23,
e T - dete e e -——- ; ,’-‘.--

CMEAN- . 280 f L o4

Ny -

COMONTH T C DAILY_ *-"TOIAL,“*ai;~LJDA1uY*'L' TOTAL

Co7e T -4 c31.8



mean temperature for the Prairie Creek . .

A \ Thedaﬂy “temperatur
Research Station:for June-September: 19

. ID: 3015295).

| 'Talifiié. 2:2.7

quartébs. H%_:jf

b
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v';Table 2 The fdfai daxly ra1nfall for' thefP?afﬁféfﬂf:f
o Creek Research Stat1on “for'- dune September Qﬁ1983v;LAE$ igﬁ>-

'ﬁl_headquarters ID 3015295{H}‘_,_.
CUPAY L et RAINFALL
Pwiﬁf'ﬁﬂ‘waﬁﬂﬂ_f, (MM)V‘.q.‘.M i LT
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300 il R

CTOTAL o 10607 - 10918 148 T 419w
z*tﬁmefpf~ I S

.. 3 8 mm fell as show |
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The dom1nant spec1es ifonf the study sites were Pinusf

;;contorta Loudon«var latifolia Engelm w1th . co- dom1nant opf;f
'“m1nor components of Populus tnemulo1des M1chx‘, P1cea g1auca, s

’fif(Moench) Voss and P mariana (M1ll ) BSP The ground shrubﬁf

s

.t-ﬁffflayerl cons1sted of Alnus crwspa (A1t ) Pursh Sa1ix~}_§§:;."7“

: ﬁfLinnaea borea11s L va amer1cana (Forbes) Rehd Vacc1n1um

;3f:myrt11101des M1chx ;V,: V1t1$ 1daea L var ¢m1nus’Lodd w :ﬂd;‘

"-‘:Ledum groen1and1cum Oeder, Splraea Iucada Dougl v and Rosa_l i

'::finnovatus Beal , and Ep11ob1um 'angustxfo11um L Moss and.“

""'-"'-;-.._‘_Hylocomium splendens (Hedw ) B S. G. 5 C'Iadoma sp o ‘and gtg.,

‘ JVDiRedfearn,{jQ]Q) ‘for mosses : and Hale (1979) and Brodo andif

P

,3f§ac1culanls L1ndl The maJor henb spec1es were Cornus
;r;canadensis Ly Ma1anthemum canadense Desf 'ancf 1nten1ua ft‘
s":

' ”fFernﬂ._ Calamagrost!s canadensxs (M1chx ) Beauv V‘E1ymus Q?

"ﬂ11chens fat~ the contro1 s1te 1nc]uded Pleuroz;um SChPeber1”'

4

'f(Br1d )y Matt Pt111um cr1sta casﬂrensxs (ﬁedw ) DeNoi,.

e A/ v

i:;HCetraria pinastri (Scop ) S. Gray The s1tes near fﬁé thq gass*bJ~

plants had Few‘ mosses OP lxchens Nomenc1ature.for a]l

spec1es named followed Moss (1983) for vasculars, Conard an&l

:‘:H?QszorthA(1977)ufon ]1ohens.1




| __2 4 PHYSIOGRAPHY GEOLOGY AND son.s '. SRR %Efr
; b_ " The study area was located on the h1Tls of the Western - 'Eﬁ?
A iA]berta Pla1n (Bostock 1970) wh1ch is under1a1n by stratah_ﬁﬁ'?ﬁ
) : of Paleocene (Upper Cretaceous - Tert1ary)\vage belong1ng to;}‘.
‘ f the Paskapoo format1on— The format1on cons1sts of calcareous"d
f;sandstones, s1ltstones and mudstones,' wh1ch haVei hard and‘-
o “soft Tayers The ent1re area vi covered w1th gﬂac1al]y-
»»»»»» ﬁi%@ider1ved mater1als resu1t1ng ' from depos1t1on durqngfv
ﬁf i deglac1atlon and the-Fésortfng of thesevdepos1ts by gTaciath .
g meTtwater or. by wwnd (tand,'ﬁesource:<Research_lnstituteT?
";; The s1tes were"located-loh'fTeyeT ~to gently sTop1anh.

g

topography of n'tunduTatlng morainal pla1n\ or plateau_' L

(Add1son et al. 1984; w1th the elevatlon r1s1ng from 1200"‘ .

ff"ljh m at the Strachan gas pTant to T400 m at the Ram R1ver gasf ;Vtﬁ

p]ant and the control (C1) s1te The so1ls 1n the study areadi.”“

were q{1g1nally class1f1ed 'as Podzol1c Grey WOoded so11$_

(Peters and - Bowser 1960) thCh 1ncTudes the Prentwce sandyltt'

‘ _'7 Toam Lobley Toam and Caro]1ne Toamf;and Zsandy,,Toam~so11”[t7“

e Se X

SEPTeS

L]

of 82 and C1. and 50 m %outh of S1.AThe pedon was c1a551f1ed_f[

o

z"accord1ng to 3th Canad1an System WOf 501\ Class1f1catlon ‘

So1l p1ts were dug (Sep/Oct 1982) at s1tes 50 m north f"

(Ganada SoiT Sufvey Comm1ttee,; 1978) Excerpts from then:i.._

Q' ‘.
r@port of Add1s. )A
f c\' .

"y proflle descr1ptlon are ﬁgund 1n5Appendyx I; Strachan (Sl)ﬂ

S .

“" «p_.,'f

RN~ I

‘T?a (1984) wh1ch give a. comprehenswve‘



,fand the control (Cﬁ) ere well to moderately_wel] dra1ned

o ST -
.\.,L R - x

5hBrunwsolxc Gray Luvxsols Ram R1ver (82) was an 1mperfect1y
_fdra1ned Gray Luvxso] The sola tq depth were genera]ly
;ac1d1c (pH 5) The B hor1zons conta1ned relat1vely h1gh
,levels- of pyrophosphate extractable Fe and Al (> 0 06%)

fcomponent of the\shallow eo]1an depths (Sm1th et a] --1983)

SET L, : | o . DO

hwhlch were related to the |Weather13‘b of the carbonate _h~,.}



“ f;"311_ INTRODUCTION | '?ijff ?,°l);;?a?f%{ﬁt_15;7'4~*"

SR f3:,z.s'q_xL»'_gc;'o_t'éxc;sr'xon AND LIMING .

.. .

‘} Heavy appltcat1ons of Tthe (f1nely ground 11mestone-ff:pgf

::,*contafn1ng CaCO3 w1ﬁb approx1mate]y 5% MgC03 have been used J

'to rec1a1m so1ls ac1d1f1ed by'w1ndblown elementa] su]phup{ff:"

~ since the. 1970<§ 1n the v1ctn1ty of"\%en natural sour gas;if*_
n'process1ng p]ants nf Alber (Nyborg. 1983) Some of 1hedjd.f

”‘”reclatmed areas were: on agr1cu1tura1 1and where annual cropsff>ffg

- or grasses now QPOW well Revegetatton after 11m1ng in anfw B

o ”forest so11 however. was sﬂow;:,gf‘-‘- fk'rv.fi'”

T

‘dThe purpose of the present study was to determlne the-hi”'

by S° Study 51tes 1ncludedf so1ls ‘wtth and w1thout,heayyf;,i;

S e

3 2 EXPERIMENTAL PLOT LAYOUTS AND- TREATMENTS P . -
;pe control site: (C1) was located 12 Km’Nw of the Gu]fi

J.f.pH change at d‘ffere”t depths of two so1ls ac1d1f1ed; S

'Straohan Gas Plant and about,f]. Km north\ ok Hnghway 752'r3ff~

..'(F1gure 2. 1) i Both the Strachan (51) (Append)L 111) and thefihie'
::nRam Rtver (52) (Appendlx 1111) s1tes were approx1mately 75 md .
-jreast of the sulphur blocks at the respect1Ve gas pTan&S Th U
.f_control S1te was establtshed 1n the fal] of 1981 wh1le the;}fn'
nfStrachan and Ram R1ver s1tes were establlshed in the fall oflir

- - : ” ‘ ) .:/‘,/
1980 L , .

sii >
Four treatments were rep]i9§ted‘three,tjmes”in‘afj' S




“’,,

"fttd{*nelementai'sulphur"fmc?éwere' added by hand. separately andft:

"A‘ftffitogether (LIME + s°) Plot~locat1pns were chosen to m1n1mtze“ﬂfdﬁ'

'sifird/ge -amount of under-bush and dead fal]en trunks Eachﬁﬁmr'?
‘;";treatment was_ spaced 0 9 m apart to elrmlnate contam1nat1on:;???w
ib;if%FﬁV_from lateral movement of the appl1ed substances So1tﬁju7"

'd,;;samp11ng and analyses were conducted on Exper1ment # 1 at S1f5' L

e —<-..

"ff;fta”d 52 (Append1ces 111 and 1111)

The NIL at C1 rece1ved ne1ther llme nor sulphur Theﬂf.t

'I‘;tNIL at 51 and 52 rece1ved W1ndb1own S° from the breaK up oftT““ﬁ;

A'the stocKp11es near the s1tes beg1nn1ng 1n 197& at 52 and

| “”‘§f1979 at S1 Gulf Canada Resources made two appl1cat1ons off‘s;t*

. glass rock“ Ilmestone by a1r at S1 one Tn the: fall of 1980f;215;

ot 5600 kg ha’ S

r.f::5370 Kg ha‘1!'DuAing these aerlal app11cat1ons.,the NIL and;f”

fa1r at 5600 Kg ha .»and at $2 by hand at 91%0 kg ha

add1t1on to aertal contamwnat1on .at 31 and 52

xS

g "fjat quferent rates and forms to each s1te at C1“~ 17700 Kgﬁ‘j;‘

.d'

2

,fSO treatments were covered w1th 6olythene (4 m11) The LIME;:

‘dtreatment at ¢t was added by hand at 6770 kg’ ha“, at s1 by?f

lfaévhaff 4'“feedgrade - 11mestone,t”ilt S1,ﬂ, 12080 Kg ha J»'

;and another 1@ the early w1nter of 1982 at7ﬁ;;d;

; o eTE .ffnt was~added by hand to all three s1tes at an average"':_
'dph'mf7k0f é%gﬁ kg hép1 The LIME + So treatment had SU]phUP added‘,V -

S at th same rate as in the S° treatment but lame was addedviﬂ*

Fo 22 _f

= f“feedgrade"f l1mestone and 5600 kg ha 1'ﬁ glas% rock”f;élt

®



I1mestone, and at %2 18340AKg ha""1 "feedgrade"“llmestone
:Jde L1me was added 1n excess of 3 twmes. the amount of S° known

rﬁj t° be prssent 1n' the so1l In the case of LIME + So W me{jyd' i

R was aga1n added 1n excesé to neutratlze the addﬁt1onal S° 35m1'7

The subsequent add1t1ons and,t1me of appltcatzon are: LIstedﬁ;tfﬁf

1n Append1ces 1111. 11111, and 111111 Part1cle s1ze ofugfd'f

o “feedgrade 11mestone was 92% < 0 24 mm and 8% between 0 2427;f_fg

mm and 2 D mm, and of glass rock 11mestone 29% <0 24 mm, T

/

.fﬁ;;-a“d 71% bEtween 0. 24 rm. and 2. 0 mm. N1pher gauges have beenﬂg3;4'

used to measure snowfal] (Good1son,,1978) In th1s studY. S°,f.77a

partacles w1th an average diameter of 60 um (rang1ng fromi..;
2 5 um 'to 200 um) and < 5 um‘Were co]lected in mod1f1ed'ﬁTﬂ

' ‘1’ N1pher gauges (NYborg,,1983) placed (at S1) 50 m. east of the::vi

.;é; respectwvely
o 3 3 SAMPLING AND ANALYSES R o T T S S
::f?iaf%jtiForf each reb11cate of. ea h treatment thetﬁcttowtng‘

;%;'gliﬁdepths were sampled ';fj(y. 'fj:&%f};?*' _ A._‘_ L vi}“
. 5«1) Undecomposed A 15 cm X 15.cm area bf the LFH wh1ch could,;;T

| ) ‘_7§be eas1ly 1dent1ﬁﬁed aséleaves andfﬁ? neéales,f L layer |

‘; ;'f>;h2) becomposed A 15 tm X 15 em area of the LFH whlch was.anﬁ”‘i

| :f.{fdvary1ng stages of 5%65;§051t1on, -dark in’ co1our and -on L

-'jf,éoccas1on, wlth fungai hyphae 1nterspersed throughout'- FH;tw

§*~«s»~,.s° stockplle and 400 m northeast of the pr1ll1ng tower i

e L e : S o g e
R ,ah ]ayer ;ﬁz_;.ik_::j.f, '“:‘,hy v-ﬁ’?”gfs-vi N ;-":‘_,j—. mfhﬁz“
'??;131753) 0- 5 cm deep m1nera1 5011 (3 cores). .fftﬂti‘ i

irjéif:,«f, 'vil;f{)erE;.':' f;_:;¥ > i_ajfi; | ;':5; ' -;(/fi : 1»:7?-r‘ - '“'f,éz!



. oawe

. “'/;A

”,-4) 5- 10 cm~deep, mlneral so1l (3 cores)
hf5) 10- 15 cm deep m1neral so1l (3 cores) .
o Mlneral'so1ls were sampled 'w1th»a "Lord"'lz é’sampler
"fdwlth'a core d1ameter of 1 9 cm. Samples were a1r r y

"ground to pass through a 2 mm screen For pH measurements,'3 a-
g of undecomposed l1tter 5 g of decomposed l1tter, or 10 g

© of mmnqral so1l were | mlxed w1th 50 ml of d1st1lled water

jed and . .

24

i?1rred and left to sfa g\for one houp before measurement Ajg'

rfglass' electrode ‘was 'inﬁerSed 1nto‘ the partly settled

-'suspens1on'a calomel referénce electrode was 1mmersed 1nto”,

"”the supernatant solut1on The 1983 samples were air dr1ed and'

. d

:the pH taKen as above (Samples were not ground) A one wayf

'analys1s of xar1ance was performed on 3 repl1catesA of 4flhfd

treatments ‘at d1fferent sampllng. t1mes " The ar1thmeticfl
: average pH value was used rather‘ than the neg§t1ve log ofﬁ

.’the hydrogen bton act1v1ty The work of Baker Kuo, and Chael

:(1981) demonstrated close agreement between ar1thmet1c mean .

’Hg_:pH-values of; l1med' samples and the pH»yalues of composwte‘

‘samples When pH values were converﬂtd to H -1on act1v1t1es

"ifbefore averag1ng._results gave a lower pH value than for the<,-’

RETE T
_,compos1te sample

Extractable sulphate was measurag at<C1'-'S1 and S2

:from the NIL treatment us1ng the method outl1ned by Carson'=,

et:al}u(l972).'5°’was measured__at»s2 ,1n the l1tter.layers_

using a turbidimetric method (Hart, 1961)

..“ ‘



,‘~'13 4 RESULTS .
"3?4,1_ o Changes in pH from Year to Year'
;3;4;15Tj Control (C1) ' o

“5511 pH values ranged from ‘4, 2 to 5. 1 throdgh'the

- "7vun11med so11 pro$11e from the 11tter ]iier to 15 cm (Table'

3.1) . The pH var1ed 1ess than 0.5 pH un1ts over a two yearfi
sampjlngtperjod 1nd1cat1ng 11tt1e effect of t"e on theva¢'

\:hvalues'” Litterf 1ayers -had less .var1ab111ty than lower

(%

o mineral horlzons fwhen compar1ng PH values from 4 samp11ng73

';t‘tjhes;of 4the:NIL treatment The_ trends were _ a) pH Qv,f+h*
_j71ayer less*than‘t ]ayer and.vb) an’ 1ncrease-of pH in thevo'
.3m1nera1 5011 w1th depth . _ | ,.’ B . |

When l1me' was added - (6770'Kg’ ha 1), the pH 1ncreased
,(p(O 05) in the L ]ayer and FH layer w1th1n 48 days (Sep/81 g

to.Nov/81 of app11cat1on (F1gures 3. 1a and 3.1b). However. .f

- atter nﬁne months (dul/82) ) only the :L layer d1ffered

7(p{d}05). wtth the - add1t1on of se., '(2280 kg. ha” ), so1lva e

.fwas 1d$eﬁ'(p<o.05) in- the L 1ayer compared to the NIL “‘nine f
| ﬁonths after-'app11cat1on With addjtwons of lymeAt17700'Kg‘
v;’CaCO3 ha” 1) and SO (2280 kg ha )4“'ot1 -pHsfwas.greater;j,'
‘(p<0 05) 1n the 11tter 1ayers and the 0-5 cm m1neral hor1zon -
| by?du]y 1982 (F1gure 3 1c) IH' 1ess than two years (Sep/81a
hto dun/83) after the app11cat10n of 'SQ!'p va]ues‘ofrthe. ~f
liorgan1c 1ayers were 2. 2 in the L layer"’and_tQB; jn‘the FH
‘layerA with no decrease of soil. oH'of‘the;0?15tcm‘mineral,‘

hor1zons (F1gures 3 1a to 3. 1e).
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Table 3.1. Mean and stanq?rd dev1at1on of pH values (n=3) .

. from four” sampling times of the’ NIL treatment at the contro]
. site (C1) from 1981 :to 1983 N . R

>

- | . SOIL PH
om0 e s

FH LT o 4.2 . 0.23°
B [ EE  E~H , L 5.0 o,éi
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d{ffebéhqé$!(b<o,05)}fin,the”pn yaluebbéiweéh;p{éatmepig'fof:'
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3412 'Stnachan (s1)

"; On 1n1t1al sampljng of . the unamended treatment 1nf
]i\a;sep/eo? the range,of"fbH'for the Strachan s1te was: 4.1‘to -
14 8;‘wlth7‘thetlowerﬁ pH.found }1n the l1tter layers and pH

1ncreas1ng down the pr0f1le (Flgures 3 2a to 3. 2e) -The pH o

decreased (p<0 05) w1th ttme “on the NIL treatmen$~3n the_‘

l1tter layers and in the 0-5 cm hortzon (Sep/80 to dul/82)

W1th addttlon of SO, the pH response was s1m1lar to the: NIL_
‘vat »all: depths sampled _(ire. no s1gn1flcant dtfferencef
between the NIL and S° treatments) because the 501l was PlCh::

d'tn SO before appl1cat1on vand S° fallout conttnued durtng '
‘v‘"'1980 to 1983 The pH value of the LIME treatment 1ncreased?f

i_(p(O 05) down the soil prolee wlth t1me compared to NIL, and-

So W1th ‘an excess Qf CaC03 appl1ed wi th the S° in the LIME o

4 S° treatment the pH value was greater (p<0 05) than in,

./

_ thg*LIME treatment alone The amount of ltme added (17680 Kg

1) was’ adequate to ma1nta1n “the -pH i' the LIME +_,S°i

' b treatment In an efforn to ‘ensure “the surv1val of the

‘ rema1n1ng ground cover in both the LIMé .and LIME + SOLI

treatments, CaC03 'was added by hand in’the fall of 1982

Later 1n that year.lGulf Canada Resources 1n1t1ated a second o

r’aertal ltmtng program aga1n both the NIL and s°© treatments

.1 were covered w1th polythene In dune 1983 the pH value of'ﬁ,

‘ the~NIL LIME and LIME * go treatments dtffered (p<0 05) in

tbe FH- (thure 3 2b) Enough l1me was added to neutraltze Sod

'.-tn the L layer, in both the LIME and LIME + s° treatments
. R

e
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(S#* from September 1980 to Jume 1983. Different - lower case.

F‘.i‘gUb‘e_ 3.%4. pH’ Qaldes of 'the?.'l__iéyef‘- at th€ s aR_s i e

letters indicate significant differences (p<0.05) in the pH -

" value between treatments for one sampling date. Different

v up‘pe"rbv, case letters indicate’ significant di'.f'fe_rence’s_,‘("p<0.‘.05') .

in. the pH v'a“we"' be:tWé’eri s‘anbj] ing dates for one fr‘éa".tmeh‘t'.

Refer to' Appendix 111ii for application rates. and dates of

“lime and ./
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,g F1gure 3 2b pH va]ues of the FH layer at the Strachaﬁ s1tengyn

(sT) from September 1980 to dune 1983 D1fferent lower case Sl

dfletter‘s 1ndlcate s1gn1f1cant dtfferences (p<0 05)_1n the th.:f

value between treatments;»for one samplwng date D1fferent

' upper ‘case: letters 1nd1cate s1gn1f1cant d1fferences (p<0 05)
' _.1n ‘the pH value between samp11ng dates for one treatment

»Refer to- Appendlx 11111 for appllcatlon rates and dates of

» '3‘
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0 5 cm m1neraT hor1zon at the

35 .

“‘Dif?erent'l 1ower¢_~.5ase P letters}~'1nd1cate : sign1f1@ant"
value between treatments for;r:

' one"samp1ing dateu D1fferen1f_upper case letters 1nd1cate= )

*significant differenéeS‘”tp<0‘05)~- th pH value between"

for app11catlon rates and dateﬁ of l1me and So “;:;', -

‘sampllng dates for one treatwent Refer to Appen?%x 11111;ﬂ7
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Flgure 3 2e pH values ,of the 10 15 .cm m1nera] hor1zon atf_

the Strachan s1te (51) from September 1980 to dune 1983

D1fferent ) 1ower | case'f 1e\ters 1nd)cate "s1gn1f1cant”

BAl

one- Samp11ng ~date: Djffe”ent Upper case letters 1nd1catetfjtl'

51gn1f1cant d1fferences (p§0 05) in 'the_: pH value betwéen,,~;'

for appl1cat1on rattf and Uates of 11me and S°
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'tJfHowever, pH in the FH of the LIME treatment had dropped |
: The pH of the L layer decreased pH un1t on S°
’ftreatments from Sep/80 to May/81 and 1 2 pH un1ts from

" _May/81 to dul/82 Th FH had no change from Sep/80 to;ﬁ;t
;f{May/Bl but by dul/82 ‘the pH was 2. 7 un1ts lower The~&H_”'

/ o
fd1d not change in the mtneral hor1zons 'L,_;;tu

",3 4. 1 3 Ram R1ver (S2) N g.f': o ”{i .1'a7 j;dﬂgp:tb

The 1n1t1al sampl1ng (Nov/80) of the Ram R1ver s1te (nof;'

B C

aer1al l1m1ng) ~showed low pH values 1n the sunface layerslf'-3t

- 'S T AT
: w1th an 1ncrease of pH w1th depth (F1gures '3.3a to 3 3e)
‘hThe pH values for the NIL treatment were: 2 4 for the l1tter“

layers. 4 0 for the 0 5 .om. hor1zon, and 5 0 below th1sﬁ

“hor1zon to a depth of 15 cm Twenty months later (dul/82)

"_r‘7 the pH had dpopped (p(O 05) to 1.9 in the L layenvand 1. 5 in

o the,fFH.' The pH values of the :0 5 _and 5-10 cm mwneral’r,

E ;hor1zons had decreased to 3 5 and 4 4 respect1vely

2 ,»‘

The pH response 1n the SO l2280 Kg ha 1) treatment wasi,=:~

ud'fh51m1lar ‘to th NILQQtreatment 'at all depths sampled Thef
T ditter conta1ned 2370 Kg $9 ha” n_ fallout (n= 4; -140),
.Tdu-,92 '91 oH value 1ncreased (p<0 05) 1n the LFH sevenbdi
lﬁfmonths (May/Sl) after the appllcat1on of 9170 Kg l1me ha” 1}n‘dv
}; However,, n the subsequent 14 months, to- dul/82 -pH in thel»cw;r
"L*f'fLLIME treatment dropped in the L layer from '9 0 to‘-2,4,‘ d;:‘.

‘l?frv1n the FH from 3. 8 to 6. The pH values of the organic;f

if‘layers were less on the LIME treatnent on: dul/82 than on the

L
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;‘upper case letters 1nd1cate sugn1f1cant dwfferences (p<0 05Y f7

¥

= Refer to Append1x 111111 for appl1cat1on rates and dates of‘:‘

1983 D1fferent 1ower case_v
the PH

P
for one samp]1ng date D1fferent: .

pH value between sampl1ng dates for one treatmentv’
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differences (p<0.05) in },Lt‘h’e pH va“l'!r‘.:je':tj)éltw?eﬁz,.fre_a;tr.héri;&fs'-?Bi‘ - "”v'j
one sampling date. Different upper case letters indicate .
3 signgfﬁégatfd{féerehces  (péo;os),i?f}tﬁé"QEH[QéiﬁéjﬁétWeéhg
san‘pﬂmgdatesforone treatmentRefer t‘é Appendnl IL111 i
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| "‘rfoh”aPP_!‘icatiOn E_at‘é_s' érj’d"da;.te's"'é’f lime and SO. .. -
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F1gure 3. 3d pH values of the 5 10 cm m1nera1 homzon at the"
%

Ram R1ver s1te (}52) from NbVember 1980 to - dune 1983

u."

d1fﬁerences (p(O',{SS) in the pH value between treatments for "

‘one sanpflmg date D1fferent upper case letters 1nd1cate’-"‘,

\

. s1gmf1cant d1f’ferences (p<0 05) m ‘-th PH value between'

N

sanphng dates for one 'treatment Refer to Append1x 111111.,

for apphcahon nates and dates of hme and S°.
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' FJgure 3 3e. pH va]ues of the 10-15 cm m1neraﬂ5horizon atl
v*the Ram Rtver 51te '(52) from November 1980 to dune 1983v
.“D1fferent | Jower ‘case 1etters '_1nd1cate ‘\s1gn1f1cant_
:,d1fferences (p<0 05) 1n the pH value between treatments for:

‘[lone samplwng date leferent upper _case letters 1nd1cate'

'sampl1ng dates for Qne treatment Refer to Append1x III11\

for appllcat1on rates and dates of 11me and S°
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JUN/BS Sy T
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‘”;_s1gn1f1cant d1fferences (p<0 05) h{~tﬁei. pH value between"‘



‘iNIL treatment on Nov/80 Therefore.nthe 9170 kg l1me ha j;f'
'Vf;was overcome by ac1d1ty 1n 20 months (assum1ng no.movement i

of iime 1nto the m1neral horlzons)

When 18340 Kg 11me ha 1 was addeduih? exéesslto”that3f;731f

‘ eeded to oounteract the S° the pH rose (p(O 05) in the ;*ka~

'”»}1|tter of the LIME 450 treatment (May/81) By’ dU‘Y“gir

‘u;the pH va]ue was greater (p<0 05) 1n the O 5 cm . and 5- 10 cm .

'i'hor1zons of the LIME +. SO treatment Th1s 1nd1cated that the f,_f.”

hCaCO3 was moving’down the soml prof11e W1th add1t1onal ]1me-'

' .£(3?§0 kg ha’l). (Fal 1982) CLIME ‘and - LIME s

V.trtreatments had greater pH{‘“‘ﬁé”“tH&ﬁ” thekﬁiL reat vﬁx

W / E H\‘, ‘0 L\ v
" the L%layer when sampled 1@$du@e 1983 ngeyer. tﬁe

| t was e1ther not suff1c1ent to ra1se the pH vgjues 1n* ﬁh@hFH ;p;

more t1me_ was needed to ‘allow’ the l1me Hn the upper ;~;tdm

11tter layer to move to a lower depth S

D ._3,"’{? _' ’

- 3.4.2 COMPARISON OF SITES e S tu}.,@,
_7§y'7 In1t1a11& the pH change W1th depth wgs paralﬁel

| ibetween C1 and S1 wh11e s2 was lower by 1.5 pH unlts in the_f»f'”

11ttér layers of the NIL treatment (Tab1e ‘3. 2) By du]y ﬂ-“‘a

1982 the pH va]ue of the organwc layers at S1 and 52 wasn
2.5 unlts less than Cl.. oo A :

AV

“Ihe 'sulphate sulphur ‘COnCentrationﬂftinliv the NIL'f"

treatment was h1gher (p<0 05) at 52 vthan at S1 down to ai:;

i'f‘depth of 30 cm (Table 3. 3) The control s1te ,(C1), when qg”
fcompared to 51 and 52, had 1ess (p<0 05) sulphate sulphur

o

SR



 table 3.2,

_ So11 pH w1th depth at C1 St, and S2 on 1n1t1al.t

| 1~samp]1ng and Jul/82 on the NIL treatment (Average depths of~"

'_;l1tter Tayers are found in- Append1x VI111)

_,:%_,_A_m.“,

”"’*lf?“;ft{:i f‘SiTE“ )
: S S P L S1 82 -
tVINITIAL SAMPLINGTDATE L sEP/Bt ssp/so

Ciem)
.fL“
'045tﬂ17u5

g 510 o

© LATER SAMPLING DATE

AR
‘H';tL’“i"“f .
05
50
10-15

§

'.DEPTH tt.7_fft fx:v '5? _-i?l‘t

tt;S;sf;;'

e

| fwﬁg446::
wui/e2

| :4.'.;:"4 )

R

-

JuL/sé

k,@a4-1_t,u" 3.5 -

‘f,'JUL/sé“f'
ar 7 1.9
1 6 w15

5.0 4.4



Tab]e 3. 3 Extractable vsulphate (O 1M CaClg) in soil

"samples taken from the control site:(C1), .Strachan (S1), and |

“Ram. - River (52) duly . 1982, Values- are means and standard

_"dev1at1on of three repllcates from the NIL treatment.
.. Different . upper-. case . Metters: 1nd1cate sighificant -
_’d1fferences (p< 0 05)51 the ampunt Qf sufphate betweenf:f
. s1tes v R e .

" . .. . . yLot > .-‘
LT e

Cstte CONTROL (c1) y STRACHAN (51) kM RIVER.(S2) Lo
e , , Rty , .

_?’7vf f{j‘”MEAN’f*}s;D;.uMExﬁ{ﬂljj‘f

CDEPTHC e ;g SULPHAT§ |
U (Kg ha )* I RPN ERR E

COLFR f73;oA_~wf.4; 102778 :“5503 132730 »'1,-
AR 3 (640), -

 o-f5 cM,~AL'f'1,1;5A4~f0.1*é§‘:4£5355

- 15-30 M. - - 0.9& 0.1 " 338
ST d2) e (80y y

‘:- * éonvers1on from we1ght per we1ght to we1ght per area us1gg};£ 
,fknown bulk dens1t1es R : _ RO g



.'w1th greater pH values 1n the L- FH Tayers. and in the 0- 15 o

uhigcm m1neraT hor1zons (IabTe 3 2) Eh‘ﬁvg_ »hin:f'ihif} 1»?,7£{wif'
B Four pH responses (du1/82) could be- env1s1oned (Table P
ff3 4) and compared tc? percent cover of ground COver 1n;'a
Chapter 6 and Append1x IX one year Tater (duT/83) -
o Excass SULPHUR (S2/NIL) | |
The pH vaTue was Jower 1n the FH (1 ST than'ﬁn theih’ghu
',Q: L Tayer (1 9) The pH of the 0 5 - cm hor1zon was 3.5,
L then 1ncreased to 4 4 in- the 5 10 cm hOPTZOﬂ ‘and 5 Oj “
.}1n the 10 15 cm horizon Ground cover was absent
‘ 2)SLIGHTLY ACIDIC (c1/s°) i |
- The pH vaTue was Tower 1ni the'L Tayer (3 4) thant;
iin the FH. (3 8) The pH. of the 0 5 cm hor1zon was 4. 8
then 1ncreased ‘to 5 3 :tn“ the lower m1nera1 hor1zonszt
*"herbs .pl' _7';i§f>
- 3) TYPICAL FOREST (CT/NIL)

~down fto 15 - em: C1/5° had 5% grass. 5% moss, and 5%'

The pH of the LFH was 4 4 In the m1nera1 hor1zons-

;’_fthe pH 1ncreased w1th depth (0 15 cm) ﬁcom 5 to 5 5. i“
vC1/Nht had 2%4 moss and 7% herbs :“f:-; . gf'isgﬁ;._".
) EXCESS LIME (C1/LIME aag Ct/LIME + s°) e )
B » | The pH vaLue was greater 1n “the L Tayer (6 6) thannht
' j;:,»’jp- }‘;5 in the FP (5 7) The pH of the m1neral so1T (O 15 cm)
| T ;was 5.4. on the «average C1/LIME had 50% moss and 15%]T
.”’h;herbs wh1le C1/LIME + S° had 6% moss and 12% herbs |

PR .



. TREATMENT - NIL . LIME LIME + §O. ‘SO " NI

Table .3 4 ~ Average pr_(n;3) w1th depth in - respoﬁ/e to

*~additions of Time and SO a{»cOntroT (C1) and~Ram R1ver (52)
duly 1982 iujﬂ e e Tl

LUSITE - CONTROL-(c1) i Y RAM RIVER 52 .

Lo sl es
FH - a4 55 | o
" o '., ) I - : . » O ) ) . &. N
Ts0 54 56
Caoes 0 T®s 55

oot e e

5.4 . 5.0-

:;-/::_‘

~ L' EREP .

R



'»fyjl;m1nermf horﬁzon

Iy
%

L
-

; ol

' ';ggﬁftheh:absence of S° the typ1ca1 forest ground cover

.v‘11me 1ncreased the moss and herb covers whyk

,- p]us S° decreaSed the moss1 cover; ahd 1ncreased the herb{;f‘ﬂjg

cover ‘o ,v .e" }:"tu‘,.

waswﬁaanly mosses w1th some herbs Excess sulphur showedf;,

excess I1me;f;*

..“ .

jive ground cover whtle sl1ghtly ac1d1c;dfhf 3

eﬁldepleted pr1mar11y of the1r moss cover EXC&SSf;g%~”ﬂ

o As the Sb content was 1ncreased (due to the add1t1onsifﬁ‘

fufrom ga§ plapt operat1ons) and/or as- tlme advanced the pH“

p

the

: lowest pH value

“v‘)1

.#’flayer was 1, 8‘ and'that of the FH was 1, 4 1n duly.~1982

\-/

&

-[H:tsamp11ng‘unterval from May 1981 to duly 1982

o

-:‘.’-

3 5 DISCUSSI&& SIS

] xv‘ " o o -‘ e | »4. ' -‘ ' ) v’ - 6) . .. |
Add1son et~wa1 v(1984) reported pH vadues ‘that ranged‘_
w .

forom 4. 2 to 5. 5 in *e LFH and ° . from 4 0 to 5 .5 in the AE1

s -
(0 5. cm) gsrom u

aye *dec11ned w1th the FH exh1b1t1ng thef”' |
E both 51 and S2 the pH G;ﬁue of . the L,VLH

‘_*a; depth of 10v cm@ also showed éj:

vwffﬂd?f51gn1f1cant decrease rn pH The pH value at 52 decllned fromﬁﬁh'

. 4.8 to 4.4 f’ 5- 10 cm m1nera1 hor1zon between ther :

{ﬁm1nated s1tes in the,area around theff

Strachan and Ram R1ver gas pxants KOmea (1984) found pH::*

9L

values rang1ng from 3 5 to 5 0 1n the L H. and #rom 3.9 to

';5 6 in the A m1nera1 hor1zon 1n a. Lodgepole p1ne ~'Alderf‘

‘,assoc1at10n These -results arﬁr comparable to the controlfﬂ

51te, Ct in th1s study Add1$on j.et : al. (1984) foundd:v S

b 4

B
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B JERE S

“'7extractable sulphate levels of 193 11500, and 13100 mg kg ‘tfi o

:}at 51tes near C1 51. and S2, respect1vely At the1r s1te7"“

f;jnear Sc,, they found 12000 mg Kg 1 of S° These sulphate-* o

rsu]phur values are comparable to th1s study, however, the S°'

"-

'?Ht28500 mg Kg 4 1n,FH, n=4). Th)s d1screpancy was due' to. S2f L
'*»1be1ng closer to-the‘ su1phur blocK than the s1te studted by . =

'_lAdd1son et al. (1984)

"f;,evalue was Iess than that found 1n S2 (54000 mg kg -1n R and? .

Yeung (1980)  added 50 (280"kg“1hé*T)'to a sandy tgo%j,f*‘7

{sand well dra1ned eluv1ated Dystr1c Brun1sol) forest so1l ;i? N

present study.: w1th add1t1on of SO,KpH decreased 1n1t1al1y?
‘,1nﬁﬁhe lttter 1ayer The L layer had a pH va]ue of 4 4 1n‘
the NIL vcompared to 3 4 1ni the s° 'treatments of c1 uuly;’ |
‘°f1982 (10 months aftey 1n1t1a1 appl1cat1on of S° at 2000 kgf*yaf'

‘)

} lowertng of pH (5 0 to 4 8 1n the 0 -5, cm hOP]ZOﬂ) The soil

'.';fand pH decreased to a depth of 15 cm w1th1n one year In»the074

However the m1nera1 hor1zons showed on]y a smal],h,vff

I textures for C1 S1.-and 52 were-sandy;]oamp 1oam, and5s?]ty'”~;

'*':loam. respect1ve1y (Appendtx ). -Tfffw‘ij_ L

When comparlng the effect1veness of l1m1ng at the two'

'vg plants,v the 'St §1te wh1ch -was well gdra1ned had a

was 1mperfectly dratned had a-h1gher pH‘value (p<0 05)

;‘55 51gn1f1cantly h1gher pH valge (dul/82) 1n the 0 5 cm: hor1zonf'

_3f¢obut not »1n the 5~ 10 cm horwzon However.,the 52 s1te Wh’chep""

. the 5- 10 cm hortzon wlth no d1fference in the 0-5: cm m1neral

wﬂ*hor}zon Bertrand (1973) concluded that__sqbsot] pH values



”"5;rdra1ned 5011 of medlum texture On a :sandy.;

ff values on add1t10n of l1me and su]phur after ohe year

—

R,

:dﬁfd“ft When ‘exgess llme was added w1th SO pH 1ncreaseg':ff‘

{;7_m1neral hor}zo;-‘w1th1n n1ne months of appllcatlon (du1/82):f

’ (S°-atv280 kg'ha and lee at 2500 kg ha 74 pH value of:

o J;*fBUt bY the follow1ng year, the lttter 1ayer and the m1neralﬁt*”

Clgta

'\"‘,‘-v .

- “the sor]..has;the ab1l1ty to buffer 1arge amounts of excéssf;””

»

t."1jme~; nj - . :hj,v“* d t?_ »’:" : f . r'f'?jlf¢ﬁrg e
: At TH, w1th add1t10n of 2000 Kg S°' ha there _was ajf'ff
*glag'1n t:e pH. depress1on from Sep/81 to du1/82 1n the L andd??d?
FH $1tter ]ayeg; (Figure 3 1) The pH value decreased 0. Og;t'ﬂ
--'un1ts per month-tn the L layer and 0. 01 un1ts,per month 1n

Jthe FH From du1/82 to dun/83 the pH vaIue decreased 0.11

2 . 4

‘pH un1ts per month in the L Iayer and O 19 units: per month

'_“1n the FH The rate of pH change for C1 was an. _1ncrease of
- 0 24 pH un1ts per month 1n the - oL layer and 0 16 1n the FH
“"vp w1th the add1t1on of 7000 kg LIME ha’1 (Sep/81 to du1/82)

‘-’,.
‘.’.

"were a?tered more in a wel] dra1ned 5011 than in a poorly Gl

'hso11 Yeung (1980) observed no s1gn1flcant d1fference of pH;'«;f

as1gn1f1cantly 1n the 11tter Iayers as well as the 0 -5 cm},'“f
at C1 " When' Yeung (1980) carr1ed out a s1m1lar exper1mentﬂpz‘7'ﬁ
?;the 11tter layer 1ncreased w1th1n 3 months of app]lcat1on B

iﬂhor1zons doWn to:ja depth of 90 cm d1d hot d1ffer Theset'ttgl7

“-;f1nd1ngs 1ndlcate .that pH results are trans1tory and thath'fﬁf5i

4 Kt e ey o



.°f:;value than subsequent app11cat1ons, that 1s,,the so1l needed;bu o

4:52f19:-i5¢ pr1med o W’th th QPOWth ip. S° ox1d1z1ngf[?¢i7

: el

“j“increased "'*wﬂ,g» R :v'uj'j'_;_;;,_, Eb’?*:'

In conclus1on

..‘a' L

»“sghhxfln tHe FH 1ayer'

gy depth of ac1d1f1cat1on ahd 'ébbahéhf””dépfh:f'?*aTgﬁéfs"f'l

Ca

“}?l11) an 1nrt1al appl1cat10n of SO had a smaller decrease 1n pHH;ﬂﬁfﬂ

‘xhﬁxm1cr00rgan1sms bg*ore sulphate sulphur g conCentrat1Onsxﬁy-

.;5>e2) “on app]wcat1on of SO to ‘the forest so11 ~pH value in thef_:'”

‘1":L 1ayer dropped 1n1t1a11y fo]lowed by a ]ower1ng of pH va]uefff' ?

_j,.penetrat1on were 11m1ted to the LFH 1ayers at C1 Hdweveﬁ{?fpf'“

- 'S1 and 52 showed s1gmf1cant]y lower pH va]ues to'a dép,‘thw;‘-af'

;“15 em and 10 cm, reSpectJvely. from 1980 to 1982 e

nh

4.
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: Tfll4¢ﬂSULPHURjOXiDAfIONr;--77LV |

'fﬁfi} INTRODUCTION ~?;f_17

Th1s aspect of the 1nvest1gat1on grew from observat1ons

and measurements made 1n a ?orested area of northern Alberta 'fwj’

where llme was added to forest so1ls ac1d1f1ed by w1nd blown

S° dust (Nyborg. 1983) R

"lQ'In th]s study the ObJectlve were _1) to- compare the e

) -rate of. ;ox1dat1on 1n lxtter samples from two areas of the

prov1nce,

.Creek 7and RocKy Mounta1n -

treatments of l1me S n1trogen and an 1nocu

| prev1ously qu1ckly ox1d1zed S°) 3 and 2) t0‘

'f:rmOSt' probable ,number (MPN) the}l sulphUP' OdelZlhg:

bacter1a,

e had rece1ved <° fallout and 1n a slm1lar forest so1l d1stant,-‘t‘

“”;fhf‘ ox1d1z1ng m1cro organ1sms (one g of ground

Th1obac1llus th1oox1dans, 1n forest so1ls whxchi~

h'“-_ from the fallout

4 2 MATERIALS AND METHODS R,

4 2 I

L1¢ter samples were collected from the study s1tes near“f"

the Strachan (RMH 51) and Ram R1ver (RMH 82) gas

Incubat1on Exper1ment

B - -

i
o

’ffat a. control (RMH C2) area bef@@en

~ gas plant.

_s;:

House, Wlth

lum of sulphur

l1tter wh1ch had

'determ1ne.thev-

SEE s ol o

s

plants and ,u ;Z

two plants 1n<_ :

‘Ootiber, 1980 (F1gure 2 1) S1tes WH- C (near Wh1tecourt) and
5'FC-1 (near Fox Creek) were control s1tes near

, and sampleudescrjptlons_are in.

the Fox Creek

Append1x v,



thter samples were a1r drted and ground tOmpags through a 2

.rrm screen
‘L

the ;gi?%er samples were;;--"'

| :;analyzed

determ1ned by Bremner sﬁ7Vf"

<:

.:jﬂsrandarﬁ' mmcro kjeldahl method (Brémner 1960)

fQQ) Tot t/carbon (1nclud1ng'carbonates) was analyzed on Lo
P U : : L :

‘;; ;eco gas 1nduct1on furnacé (Iaba;aba1 and Bremner 1g7o) Ay
t "3) Sorl pH value' was g@aSUred in'a 1 10 ratlo of so1lrt”
::'.'to :"Stllled Water, stirred,, 2or fwe mmutes and ]eft to
:;:tand ﬁpw one hour«’ A un1versal glass electrode (E12) was:f;ﬁt;a
gﬁ.f'::ffi??tmmerSed well 1nto the ‘Rartly ‘settled suspens1on wh1Pe alf"
CalOmel reference electrode (E SA) was 1mmersed 1nto theg:”‘

P
N A
o supernatan;_solut1on

4) Sulphate sulphur, was igéasured u51ng therdohnsonj
';j”z 'N1shﬂta method w1th mod1f1cat1ons by Dean (Carson et al.

1972) Lnstha-present procedure from O 2 to 2 0.g of so1l_,:’
i _

» H,exﬁracted w1th 20 ml€%§ O 01 M CaCl2,i1nstead of 10 g”;:*

.,y 50 S L SR . N
Plasttc conta1ners (10 5 cm 1n dlameter and 10 cm h1gh)llvu;

;vf 'ﬁd i;i were fﬁlled ' w1th the. ground (<l 2 mm) organ1c soi’l,
P amendments were appl1ed (TabTe 4. 1) and m1xed 1nto the soil. o
Water was 'added to br1ng the so1ls to 85% of water hold1ngh"h
capaC1ty,,and the so1ls were rem1xed w1th a spatula
. The conta1ners were placed in. a darK room and 1ncubated
:=n(18°C to 22°C) The- soils’ were we1ghed weekly and water.

iifed when. necessary to ma1nta1n' the_ mo1sture at 85% oﬁ"

[
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* tabte a1,
f_exper1ment o T e e

‘_..-.—---_..-

- USITE R | [ SRRNERT.
- (g of- so1T/pot) S B R T S

A

Treatment additiohs;*fcwegbe.EUJpHUr_oxidétiohj S

. GTREATMENTS. A B . C . D E R

fAMENDMENTS-:J{ ST

CFC-C

*7;(59),‘

o RMH-S1
o (s2)

" RMH- 52{‘,7
(82)

CWe-Cx

(96)

‘e .
(59) )
RMH-C2.

"ﬁp-f-:<

Ram R1ver

Zf**_AMENDMENTS

CAND: To all
20, kg P ha’ ! ‘and 25 kg K. ha"

NIL
o
;_NtL

»t;»Nitte

;'* SITES ' WH- C was - Wh1tecourt
~ - Creek, 2.3 km north of gas plant
" House, between S1 and S2 RMH S1

{"Sf

~ diameter parttcles.
L:

o particles, 10.61 -

N

IN:

treatments,.

S osun

Lo
mile post 102.5;

was . Strachan
2000 Kg ha'1 (subltmed sulphur,’
1.7 g/pot).. Sk
(CaCO3, < 150 um- d1ameter .
g/pot) . S
(NH4NO3' 0. 243 g/pot)

12,480 kg h&
100 kg N ha”

,One g of ground l1tter from .FC- L1.

qﬁ ud1ng
(0 0745 g/pot

"+.‘ There was no- samp1e used in the treatment

FC- C was Foxlf
RMH-C2 was Rocky Mountain . -
RMH-S2. was® .

<150 um ¢

NIL, KH?PO4 vas: added at;['ij:



. ol

1 water ho]dwng capac1ty In1t1ally, l1ds w1th holes (1 cm 1n*ts_':u;

o

d“*‘d1ameter. 3 per l1d) were used However. the l1ds were later;f"'“‘

};,removed because leaf l1tter w1th1n .the conta1ners hadi,rﬁ v

developed a lush growth of fung1 At subsequent 1ntervalsf

'i‘removed f'rf'each treatment The so1l was a1r dr1ed and_.‘

"analyzed for pH and sulphate sulphur

| S

'f'*4.2p2 MPN Expertment Q"fl‘~f-lr3 Va’j o S ‘*;

L1tter samples were 'taken March 'l; 1981'”from’thé7353"'

5 Strachan Gas Plant near S1 and an uncontam1nated area (C3)fs;

‘kf3 (53 days, 147 days. and 265 days) two conta1ners were;:guﬁ"»f

bﬁ'9 5 km west of the Ram Rlver Gas Plant (F1gure 2.1). ‘Thesef;_"

: ﬂ sates were under 2 cm of snow Samples were 15 x 15 cm2

T area and were taken separately from the undecomposed and;fz"‘ﬁ

decomposed l1tter layers Samples were obta1ned asept1cally,-

1n;7'

(rubber gloves r1nsed 1n L 95% [iethanol) placed 1ntof”':

prester111zed Jars. and refrlgerated (4°C to 6°C)

8 N1ne ml. of "med1um S"'(at 1n1t1al pH 5. g'\wh1ch selectsl.

for ‘7. th1obaoillus were ‘added to d1sposable test tubes.

W

'—$"."

| - m1nutes (Aaronson.‘1970) Ten g o? 3

added to: 90 ml of. water and autoclavgdr

30 m1nutes F1ve drops of the COllovdal sulphur 1n solut1onf

thenf added to each test tube conta1n1ng "med1um S"

ﬂOliQK sulphur was -
at 103 KPa ford,;'

asept1cally, by dlsposable p1pettes D1lut10ns were made 1n51"

prester1l1zed water blanks by add\ng 10 g of so1l to 90 ml

bl T

Capped w1th | Kaputs , and autoclaved at . 03 kPa for 30.‘4*'f



of dwstllled water ,and shaken (1 10) Ten ml of th1s

ri'v,_solut1on‘.was then added to 90 ml Qf d1st1lled water and

'?_¢ To select Athe three d1lut1ons,§hployed 1n determ1n1ng the';

°vshaken (1 102) Th1s procedure'was cont1nued up to a rat1o

‘of- 105 : One ml of solut1on @as p1petted from each water
o blanK d1lut1on to test tubes conta1n1ng med1um S plus

g ; colloxdal sulphur {5 repl1cates) One g of so1l was added to '

’ 9 ml of “med1um S plus collo1dal sulphur (5 repllcates)

Once 1noculated 'the ,test tubes were .1ncubated at room

fp temperature (22 28°C) and shaken per1od1cally The - pH value
o was taken w1th a wire’ loop (flamed d1pped 1nto test &ube,,

.Ht_ and solut1on dropped onto colour coded l1tmus papen) ‘Buffer

solut1ons, at pH values ‘of 4 and 7 were used as stanaards jﬁ_tfgl

S

MPN 1ndex the h1ghest d1lut1on wh1ch gave pOs1t1ve reswlts_.~f' K

' (pH<4 0) in. all vae of the port1ons tested (no lower :

: d1lut1on g1v1ng ‘,any lower results) and the next ﬁwo :iﬁl

v, succeedlng hlgher d1lut1ons were chosen (Orland 1965)

]

4. 3 RESULTS‘ N

I

In1t1ally. the l1tter samples had a hlgh N. content bUt
w1de C/N ratios (Table 4 2) RMH S1 had a very low pH (1 4)

/

and -RMH-52 had the potent1al to become*‘yery -a°T¢ On__}ff ;

’ }* ox1dat1on of 1ts S°.




Table 4 2

elemental sulphur
~litter .

" pH- of

Voo

- - = - -

wWe-cx
.‘FC-Q*‘;

RMH-C2%

"RMH%Sl:T?h

L, RMH-S2+

,_* non - sulphur dusted

TOTAL C

Total carbon,v

b

h'+ sulphur dusted 51te

TOTAL N -
S

o o o o. .o .
. N m - -
0
»

51te

total natrogen
extractable sulphate. 10,1 o
samples ﬁpr1or to 1ncubat1on for the sulphur‘.

' ox1dat1on exper1ment e : . : "

,}'(ppm)

S
s 230
‘~54é?7”f,2‘557's

a3 85000

CIN . s©. -" ,

C/N'retld:
M- C3C12

------

‘2ob

.83
”a:§s¢":

’ffsgijf

5 0
| 13200_ jf‘.
s

“total o
), and



' :'v(the average taKen day 265)

the NIL fpé'a_,tme'nt rééé;" o

'“and then 1eve11ed 1n the three control srtesgth-C FC C thﬂ5ﬂfﬁ

77wncreased and .ma1nta1ned the ‘pH at a value of 5. or greater:ff

;,7;and RMH - C2 (F1gures 4 1a, 4 1b and 4 1c) Add1t1ons of llme“:?i_ﬂ“'

"géfor the controls RMH S1 became more ac1d1c w1th t1me onf,_‘

ifﬂthe NIL treatment but LIME ma1nta1ned a pH value of greater fl&f_lf

”7ﬁﬁhan 5.0 (F1gure 4 1d) RMH- 52 1ncreased “to 5.5 w1th L1M5y115f7 N

vfbut the pH value dropped to. 1. 2 between day 53 and day 147{&&
';*(F1gure 4, 1e) W1th the ;add1t1on of $0 and the 50 Lo
-ﬂinoculum the pH va]ue ‘fell below 3 dur1ng the 1ncubat1on ;

't“lIhe follow1ng 1s the pH range _for_;th three controls lk:‘“

o
. L N0
(ORI CHE S (S 4"cn‘
SR A

o o o v
’ [ N
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’ i

'ﬂ“’4}3{27:”' Incubatlon Exper1ment - Sulphate Sulphur Values

';In‘,ths_ three control ,SIteS, we-c, fc- C,}and RMH-C2,
v1n1t1al sulphate sulphur oncentrat1ons were’ less than 200fff?1;5f

i'lug g However,»once S° was added !20 000 ug g 1) sulphate-.-:‘.:°

:f:sulphur 1ncreased w1th t1me (F1gure 4. 2a b, el Treatments:ff .

“day 265 wh1le treatments w1th S° alone showed more than-f

r_,j._w1th l1me had less than 10000 ug g -1 of sulphate sulphur by;r‘

,-15000 ug g 'ft sulphate sulphur 1n the case of FC C and'fﬁ.ih=7

: RMH c2 The samoles fmom RMH st and RMH 52 were high in- o
.~ Table 4. 2). " The’NIL ! treatment ‘of RMH -5 1 behaved as the 50
lystreatment of the controls w1th an 1ncrease 1n 5042 -5 W1th;n RS
| Vtulme (Flgure 4 4d) However the N, LIME and LIME + N .
idtr%atnents behaved as RMH 52 w1th the h1ghest sulphate level IR

:uuat the second sanpl1ng 1nterval At RMH 52-.501phate SulphUr”*'Z?VV’

: 1ncreased up. to day 147 and “then decreased by day 265f

lfsulphate sulphur by day 147 whlle 51 ox1d1zed 16000 to over
‘ ’60000 ug g’ ; depend1ng on the treatment

o H(F1gure 4. 2e) The 52 s1te produced over 60000 ug g f}v;f
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T'°Se samp1es,_ Whe"e one g of . soif'waé added to the

"bacter1a and the nece$s1ty of 1solat1on through d11ut1on

-;hithe pH va]ue for the f1rst three weeKS'}showed 11ttl@[;¥_

ebééﬁefja (105) were found .hthe ”? f 11tter ]ayers ate

bhffohaChan than at the clean s1te At Strachan the FH - Iayerv»;

MPN of THIOBACILLUS  ; ";&'*5,;rli.ff}fgj?;%~*f“ :

fff'med1um, e1ther remalned at the1r or1g1na1 pH value or became*hffh".
,fs]1ght1y more a]Ka11ne Th1s 1nd1cated an: _1nh1b1tory effect.fﬁlh“fg

ih‘Of organ1c matter' to the growth °f the sU‘Dhur ox‘dwz1ng;,;;fe
_¢ﬁangee‘ Results Were complete by the elghth week More:f;'“;

,'}jhad less T th1oox1dans than :the' L 13¥eﬂ thIe: at thei;ffeﬁ.f
Contm‘ the. nymb_e_r‘s | We"e gr‘eater m"‘the FH layer (_Tab,l_e_,:-xl-‘

." 4, 3)
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_T‘a_b'l.e 4.3. . The most probable number (MPN)OfTthb?CI]]US

" isf)7and a control soil (C3).
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‘“?'fWae 0. 6 pH unlts per

‘J5{t“gncreased the pH depresswon

;ﬁ} of So to 5042”.5 were rap1d when So“weETadded to the T1tter

'QIFThe 11tter pH» ehange var1ed w1th treatment (Table 4 4)

:'aVar1ab111ty }n the NPL treatments 1nd1cated a d1verstty of

'-‘forest 11tter (heterogeneous comb1nat1ons of needles leaves

'5tffiand moss) ' On add1t1on of SO the )n1t1al rate of decrease

?Jmonth‘n;Addit1on of the 1nocu1Um

,».

- in the controls ;. WC C \FC G
'fand RMH C2 After two months. th1s rate drOpped te 0 36 pH

ifun1ts per month Wfth the add1t1on of L1me,p}us S°. an.f'ﬂ

’”w‘qn1tqa] 1ncrease pff 0 pH un1t per month for the f:rst tWO

e -.il

",@f” monthstloccurred io]lowed by —a dnpp of 1ess thanaO 1~pH >fd
'7hvsun1ts per month The response to l1me was greater 1n sp1ls
‘V,f7that had a lower&1n1t1a1 pH cbmpared to more alKa11ne 50115

S Cpen
“In the case of S%_ Qay 147 addltion of l1me 1ncrea5ed the -

‘L‘ﬂg _‘,

"inoxldatlon of So as *1ndicated by the 1horea§ed~ rate of,pH

f'change, 'The,'resdonse to NH4N03 ﬁuas Jh1n1ma1 : however. ';

“’»;;repeated app]1cat1ons_‘ pf may have‘ hastened andégnr

:mincreased the Odeatgon of S° “ﬁ'?ﬂ*f S g

e

S s

_on the addtt;om o? S° to the three controtsf}“WC*C'-v"“ -

- FC C, and RMH- CZM 10 to 20%,of the added S° was converted to.
75042 S after 53 days QF 1ncubat1on (Ewgure 4 3a b, c) E?ter

9t¥265 days, 63 to 75% had .been ¢onverted whén S° was added
7_ Wuth the add1t1on of llme. less than 50 % of the S° had been h

*'d converted,toeSQ42H-S by day 265 Add1t1on of llme decreased




'IABLE a4, 4 pH change per month at varlous sﬁtes w1th1n two
samp1ing 1ntervals of 11t1er sampleg from the ox1dat1on -{};EA

7'*ffexper1ment

| TREATMENTS  NIL SLN SL SN

- -

N e R
RMH-S1+ B
.uuémH%sthiuiianig;:ﬁf;hl{5

we=ex
4'{Fc C* PR
iff,‘RMH cz*

. .f'fRMH 5’* e 0.1 +.:0.0% 0.0°-0.3° ...

'i.:?.-g,‘y\ - S O

| jiﬁ* non- sulphurfdusted glte' B

luf* sulphur dusted 51te f::7
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IR

T a
Y

. of so11 pH depre551on and S° conversaon even t*d

1;agrtcu1tura1 Chernozems

‘oxwdat1on be1ng lower 1n fa' more acm:-

fva were well related on corre]atton analys1s (Table 4. 5)

<

fso1ls, found more rap1d pH depress1on and S° convers1ong K

ivalues than obta1ned 1n the present work but h1s soth were

“y

'”qs° oxldized by about 10 to 20 % over that of the unhmed

R / : 7 _ w

K1ttams and Attoe (1965) foun_ﬁthat ox1dat1on ratesfﬁ

fz;*?B(;i

7the~ox1dat1on of S° The 5042 S 1ncrease and change 1n so11 ;1;;f
The three contro] so1ls behaved s1m1larly 1n the ratefffaftﬁﬁ

jsamples were taken from d1stant Tocat1ons under contferoushl,fﬂnjy
.forest Dther publ1shed _1nformat1on for the 11tter ]ayerfffﬁi*f
:uﬁder con1ferous forest ,S lack1ng Th present workl ifih¥ﬁ
;1nd1cated that the app11cat1on of 50 and a temperature Offu?l‘”'
a20°C. soxl pH was depressed by 0 6 un1ts Sin the' f1rst two!;f”?ii!
: months,iand more than 10 % of the g; was converted W1th1nfffdm57;

ftwo months of appltoat1on Bertrand (1973),v u51ng Albertafifff;*

;were doub\ed on the average.r when,f!'1ts were 1noculatedif~;”d'
dwtth a suspens1on of orev1ously sulphured so11 The responsevf ;
_t0~S° plus 1noculum Was double -that Qf 50 ‘alone for thelffif'
rf1rst 2 months.,For the next three months the response Was?f:,’
ﬁreversed the So along was greater? than the S° plus?ﬁf,sf:5
JInOCU]“m Thﬁs‘.reSponse may have been”d‘ onthe rate of Stf;jfw
;01] (Nor and.-:‘.'v' SR
_Tabatabat. 1977) and/or the Tack of" substrate for ox1dat1°h?ti:i_g
I the case °f the: 50 plus 1nocuTum xfttoe and Olson (1966)k.;ﬁw

~4,‘3found‘that l1ming a loamy sand 1noreased'the amount of added'fifvf



3jTab1e 45 The
‘coefficient -(r) show1ng

©53 i 147

L e L '__g--_

o 96+- : -d.§s._7

t~“ w1th both 11me and

RS w1th 4 treatments

* w1th 6 treatments

~'0

';DAY*’:, DAY=

-0.59%  -0.73

'-o 86* C-oure

S 0:98% 7. 0.78 1

Pearson Product

T I R U S T P P -

no l1me treatments

. ©

*ﬂ3dAYﬁ?a}ffDﬁqumf;ﬁfif“
- 265 . TOTAL

-0.71. -0.59

" .0.88 . -0.78

R P

moment correlatlonolﬁf"

B _ the measure of ‘linear assoc1at1onﬁ‘ﬂ"?f
~:'ﬁfbetween 504 and pH measurements w1th respect to treatments SR

L0790 -0.as <o,




-Qti;sulphur ox1datlon ;

o

JF'AQberta “The max1mum number ‘of less ac1d1c Thiobacil1usfl~ L

‘»7study results

' dusted forest so1]

C e et

_feversed due- to d1ffe/>ng m1crob1a1

B popu.at10ns ln the forest so1l ,dv{“iyjjt;.:u r o
| The bacter1unt Th1obac111us th1ooxidans Es str1ctlyf€?_
:ﬂih autotroph1c and aerob1c with an opt1mum temperature:of 28 tox;réﬁh
"3f530 °C and a growth range from 10 to 37 °C The opt1mum pH zsf}tﬁgo
2 0 to 3 5 w1th ah upper l1m1t of growth near pH 6 0 and af;;%sf
lower l1m1t 1usua11y near a pH value of 0 5 (Buchanan and;*fg7,
G1bbons, 1974) | La1sh1ey and Tyler (1978) found 1ess than'i~1_
' 'ftf 300 ac1d1c Th1oba0111us per g dry we1ght of so11 near. -

sulphur cement cy11nders placed 1n the so1l at Lethbr1dgeﬁ

5was 3.3 X 105 per g dry we1ght\Qf so11¢ The s1te at Strachan;;:;'
(51) had > 105 T thloOtians per g dry we1ght of 5011 1nit7 A

the L 1ayer of the leaf l1tter

l

In conclus1on, leaf lttter from two con1ferous areas of}

Alberta had s1m11ar pH responses to 11me and S° add1t1on5'~'v'

kdd1t1on of 11me aecreas_ ‘-
. wg.

th1oox1dans was’ 'greater 1n the ﬁ‘

t1mulated nby CaC03 However..1n th1S}

.sO oxxdatlon o MPN oﬁ T,J::'
han i the fH, of a S0

'ffusoilﬁhtettt 'etiét (1981) have shownbthat the process of L

) a: ); .‘ R . . T ’. R ' ' - .



: "'ijfslj INTRODUCTION ‘5,7;';,7;;f7'vif;fiif;ﬁ;gtfjf;f;;}}ﬁiflffyfﬁV

:n;;fffiac1d\1y, but evegetatffno (art1f1c1a}ﬂy natura11y) may_%,

':{jﬁrece1Ved S° 1n greenhouse experxments w1th severa] Blackldl

L ChernQZem1c so1ls (Nyborg,\1978) The n1trogen response wasfifi,

R 5 NITROGEN FERTILIZER TRIALS N L T

(I

g v

L1m1ng of so1ls,eafter depos1t1on of SQ overcomes 5011

be succg§sful Severe n1trogen def1c1ency Occurred 1n S

'hifbarley plahts grown on heav11y l1med so1ls, wh1ch had”f_;
4

:,much less qtn the fler (Nyborg.~ 1974) In a con1ferbusgff'
iforest at Fox CreeK which had rece1ved S° fa]lout and l1me,hh”;;

s n1trogen fert111zat1on ‘was needed for the growth of plantedfffg

//

| dgrasses However, th&\reoovery of the"added n1trogen was;f N

‘iless“ than" % the grasées (Nyborg, 1978) Th1s study;f“w

""=-;1addresses the quest1on of whether~ the unusualj needs forlifv_ .

'~~nVStrachan (51) and Ram R1ver (52) SItes

. e ‘f\g_-
"n1trogen would occur vin the con1ferous forests3 at the

_ The obJect1ves were 1) to determ1ne the recovery,
dfm1neral N f NH4N03' fert£11zer added dur1ng a three year ﬁiﬂ"fr
”per1od 2) to determ1ne the lamount of N15 tagged NH4N03

. tfert1l1zer 1ost from the so11 aé' total N,ﬂ and "3 to ,ﬁj;i‘

AL

“deter 1ne the net rate of n1tr1f1cat1on w1th and wtthout_‘ 



T ‘begun adJacent the B1g Plots at S1 52, and C1 On ana1y51s‘

Wfi“ftagged N rema1ned as m1neral N (< 0 05 kg ha ) at the three} .;,f
| ”-s1tes ReCovery rates for total N15 were 90% for 52 and 55%af11]j{

| for Ci and St On adune 8, 1983, gaTvan1zed a1um1numﬂ; A

{:fcontrol 51te (CZ) was _s1tuated halfway between the two gas

»if5;2.2‘f;‘ N‘5 Plots

J
adJacent sulphur bTocks and aer1a1 11m1ng was

The N15 fert111zer used 1n the.foli

‘Taand N03 (Prochem B 0 C Ltd Deer Park Road London)

"\\Trgjiln November 1981 " a prel1m1nary expertment (n 1) was,h57595

sqtﬂ samples taKen the follow1ng du]y. Tlttle of‘the o

D

,,5 2*”‘XPERIMFNTAL PLOT LAYOUTS B A

The plots 'at Strachan tSt) and Ram R1ver (52L weqe;tgiffff
e adjacent to Exper1ment #1 (Append1ces 111 and 1111) Théf?;iﬂ,h

;R_plants, 200 m south of H1ghway 752 (Flgure 2 1) Each plotffﬁf

;g

;ffwas 6.1 m X 1 5 m in’ d1mens1pn The treatment add1t1ons andfff;fiif
fhusampl1ng dates are 11sted Append1x QY{f The fert1l1zerffffiff
‘L5happ11cat1ons of 112 kg N ha T as NH4ND3 were begun 1n thef&f’ilf

43 ’Fall of ‘1980 The s1tuat1on w1th respect to S° dust fromffr?f?ﬁ

'1ng experlments’ijfﬁf

p}.was NH4N03 Tabelled at 5. 051 atom % abundance \?\r~both NH4

;Tif ;cyl1nders (38 'cm in. diametertand 23 cm in helght at 51 andhﬂfszh



”h f:placed 1nto the 501l _by gently pry1ng the arev;around the

;f:fof a1rborne trace metals (Goodman and Roberts. 1971)

‘}ﬁ‘sz 30 5 cm in d1ameter and 17 E cm 1n height:'at C1) were

«/1 I

cyl1nder w1th a shovel‘and ferc1ng the cyl1nder down (on thef'
NIL and LIME *" S° treatments W1th1n the B1g Plots at s1t 13_ff:}ﬁh
‘7*”1010 sty and sz) (2000 Kg ha ‘) and caco3 Ltechn1caﬁ_**fff

grade) (5000 Kg ha 1) were added to the LIME +. S° treatment
N15 tagged NH4NO3 (112 kg ha ) | Sprtnkledf_ontd the
l1tter and l1ghtly washed (100 ml H20l Into the l1tter

layerv The sotl was sampled duly 11 1983

Moss bags have been used as a sem1 quant1tat1ve monltor :

th1s study moss bags were used to detect gaseous loss Qof N
Nylon net. bags (9 cm x 9 cm x 2 cm) f\lled thh moss (23 g

dry we1ght) from the forested area near C1 were suspended

\ .

0 3 m above cyllnders at theaCt s1te August 10 1983 lee f-"'

.‘,

(techn1cal grade CaC03) wasrgdded (W1th1n cylﬁndersl at 6430

"”'.;Tkg ha 1 to the LINE + S° treatment and 5° at 3120 kg - ha”

?i&_;,

was added to the S° and LIME S° 'treatments le tagged

| NH4ND3 (87 3 kg ha 1) was added lw1thin cyl1nders) to the }7f;31
\ NIL, SO, and LIME +vf

;fﬁﬂ'~;

treatments Three céhtrol bags were

o |
hﬁﬁa at the far

September 12 1983

;:_’sjs;gfaf Big Plots Plus LIME

Samples were taken from the NIL and LIME treatments (no

omners of the~plot- The~net;bags We?e;;fftt

removed and the soxls ' sampled w1thnn ' thagﬂcyiihaers}’f+



‘5d:vut11128d for the—m1nera1 so1ls

3) 15 30 cmnmii_i 1's

'ﬂ:'«;f’"Lord" sampler, w1th a core d1ameter 1 9 cm wasfﬁgf ;

t
Samp?es were taken w1th1

-Texper1ments er 11tter layer '1*5

*itcm square The m1nera1 5011 beneath thls square was obtaxnedt;L Co
}“:jW1th a garden shove! down to a depth of 5 cm and then 10 cm. W

T xIn the moss bag exper1ment the cyt1nders were sampled as 1n;,“;ﬁ;t

= fthe_ small N ots ; to a depth of VB cm

Samples were a1r dnﬁgd

experlment wasﬁf“7

’ JFiQsampled w1th qﬂe L and FH taken separately as a 15 cm X 151?!; :,

L tter was ground to passeﬂ;:,fﬁ

f} through a 51eve w1th qpemtigs less than 425 um’ ET ) d1ameteb?1'°z'i

SRR N
e . ' ‘v/_ N X .
Y

Ciay



” “l7iand the m1neral‘so1l

fiw‘th Openlngs less than

sjhours _at 2200C and 4 hours at 3600C 1n 250 ml tube

was ground _to'"ass
BTSN

Samplesg were dlgested for*t}

"ff;d1st1llate was collected 1n 5 ml of 2% bor1c ac1d and
fmt1trated to a. pH of 4 8-w1th 0 0250 M H2504 u51ng a Mettler

*tiDLAQ R;ﬁMemot1trator Ammon1um and nltrate we determ1ned

':tﬁﬁQQGhﬁaﬁ§¢"?§n

,_eam on a mod1f1ed m1cro dlst1llat1on unrt Thea*%_"ﬂ;f

;tYV;fby steam d1st1h¥at1on on LM KCl extracts as outl1ned 1n'jtflf?

-

"7ifdisposable cuTture tubes and -redrled at 60°C Ammon1um was

'n'McKeauge (1978) ’ﬂtf?V.f’tfj'ﬁg ;{.;._

N [
CONTR e

T1trat1on samples that were labelled w1th N15 ere

| mfflac1dff1ed 0. 2 ml 0 5 M H2504 and dr1ed in an 80°C |
'1Qfsandbath Th salts: were o redlssolved tranhfqrred fto:;'

7

'fand O'Deen (1977) The 1sotoﬁ% ratto analy51s was performed
dxﬁt;on ‘a. Mucromass 6020 double collector mass spectrometer us1ng o
.“;;:atmospherlc N2 as a reference (Fyles,i 1984) The standard
”jf{herror of N15 abundance of (NH4)2SO4~ standards. run’ over a"d

- ;fiperiod of several weeks was 0 0002 of the mean (0 3655

'_"..__' [



'"frgs 4.1

L _E"-addrtmn of

" gNIL treatment

*.. abundance N'3)

SRR

QS4MW$

{QlSma11'N,p1% |
The control | 1ﬂe (cz)

*.,_;'1980 two months aft ,Zi e first

.4_‘

"and 5 3)‘ However,,, it

.‘,

542 N‘5 n B‘g Plots

.-

hme to~ S° dusted' .

of the controi mte,

"bags wer‘e
there ‘was moﬁé*tot‘al i

than m :




gen (kg™ ha 1) ( 2) fOUng'in thelnf =
soal-at d1fferent sampl1ng datesf“f
- Sm N Plots at control (C1) :ﬁ ,

"15- 3ocm |

Cuter g f
-'NH4 N03 ERE

-ffNHAr;LNOa'fgff

5 o4 . 28 12

.\-d:occurred prlor to fert111zer add1t1on oh the same\fhf"V“f
Thé results are’ 2N “minus the NIL treatment (net N

:Qf Sep 83 was taKen one month after the last
jon' The NIL - treatment was not sampled o
'm1nera11zed g'-: o g ‘ ,3,,.-3

__?dd1t1ons of NH NO There had
added by Augus? 1983 (7 X %



: o ._?M neral~-n1trogen (Kg ha” 1) (n 2) found in the
‘11tter”la ers- &nd mineral: “'soil at. different samplin dates
: ’t#eatment of the Small N P]ots at Strachan ?S

AGCUMULATE ?11}:7f73fe_-f R

" ADDED - GETTER.. | 0-15Ch 15-30CH
- NO3  NHg NOg . NHg. NOy

K HA“ R s A S 3

| bﬂ/ao 112**_1

/ 11/80*-l?,p,;g;;j;ffﬂif77_ 88 7 0 .ot 1o

11/80'5;" 24 = R
‘05/81w7¥h";hf€‘:'h eehzsa. ‘gif 84 v:4ﬁ{iy'hejigtaﬁ1¢

05/81t,h s,

Coome omas o

-nmo7/81ffhﬁs»sﬁf5; e 'g‘1j.; i;b} ST S hfj,,wjjffzi e

©09/82

- o6/83
o08/83.

"75309/83

v~iﬁ6§2; CEPE
”:784ﬁf;f*/”'.
rﬂ‘?896ﬁ;‘

33

32

43

'337‘i.ﬁf»

. ‘vuh_;ﬂ.. : w ,:‘it5t::i;f 'iilnﬂd }f;{;N‘:i.:ﬂjf -

'”N“* Samp11ng occurred pr1or to fert1llzer addltlon ‘on'. the smn€f7
. day. The results are: 2N m1nus the NIL - treatment
;Jm1nerallzed) ‘ , -

(net N“N &hfi.

¥ The

The NIL

m;These results ape gross N m1nera11zed

T3ﬂ;** Each year ‘there were " two\
.been a: total of 896 kg N ha

112)

'?ddu

treatment was

t1ons 3f NH NO%
E

dded by Augus

983

sampl1ng of Sep/83 was’ taAen one: month after the lastv"

"'f-ghfert1llzer application. not sampled

Thera had”;;ﬂ'g_
X



““yo7/81 L 448

‘ ”fguds/sg,'?;!_”g?7541if1iiTYfghgihrhieiji{ii;‘?aﬁigiﬁ;;frﬁei“v5;" i .
h_nfos/es ;ftnfféssi;;,f:;fff’,'_f:.1_'fa\ SR

Y The sampltn of Sep 83 was’ taken one month after the last'f_:ff}f
fertilizer ' appl 1cat1on ‘The NIL - treatment was not sampied R
;These results are gross N m1ne§j Bed. -

1,** Each yearvthere ‘were. t?iT
. been* a‘ﬁfta1 of 896 Kg N hay

Llififlﬂ

LiTTER ;. Lo 1scm .&'~ 45 3ocm v

o Sampl;ng occurred prior to fert1llzer addltfon on. the samen;?f@"g
wﬂgvbday The resu!ts are 2N mtnus the NIL treatment (net N;j; T
t:;mtneralized) oo e S v :

‘by Augus
112) S

’

5. 3. n1trogen‘ (kg ha") (n 2) found”in thejiy?gf;ﬁj
o l1tter.1ayers and’ mineral .sof):-at " different samp11ng datesj;-,{w’f*
-,g~‘ in the. N treatment of)the Small N Plohs at' Ram River’ (sa) S

NH4 N03 NH4 N03 NH4 N03 SN

s of ‘NHy ND There had ffhhf{
? 1983 (8%




S rable s 5.4

"”{?fgipdﬁiﬁpufkéj)fl;f{:ffﬂfgfj

. _'».'-"DEPTH
o (cm)

Total -n1tr :(MQ

‘samp11ng was on duTy 11

1983

Placement

R _ kg 1% (n 3) ﬁound in oi]_
@;aiﬁﬁsamples rom Cly S1, and 2 wh1ch had‘been ‘amended with 112
ﬂ;;,jg?Kggg-ha T(NH, N03 tagged at 5 05%) Ji

,":-19 _

gf?fﬂ Tagged fert1l1zer N

S pH ‘value for the L l1tter.1ayer

F*,and LINE + s© treatments

"-+ m1ss1ng data

vixw{13055q-ay?saszf'ftegsoa
68 9745 . 344 .
o84 - 1018w ) 419 "

*;;gJTB
e -;=sg;,f472-»xf1‘*v;“*>

:f,r165‘
85

fk;*f;}ﬁs 1d :  'ff;ifg[f”“j'j' 437 7”7[;

ERITURR, 1 VI

19k

S 6188 o 576 T -V
Lok 1074 T BT RY S

(5 1)

7315 s ¢
“9115 ] ,.x;w-_gg“;
.,ﬁ, 1018 ° 32

447 ‘::9'-;°*;xf}+

: "”f@if,ﬂ}~:;fﬁ



J ,j‘:;.= Tota1 nitrogen value é.mg Kg 1) for so1T ‘samp leg
_ ffvaromithe big .plot ‘‘at-.the . control. site (Cl1):

, ii;'_f.H4N03 had been added to: atl treatments at 87. 26 Kg

N-ha™'on August 10 1983 Values are means (n_3) taKen

September 12 ng ; U e SPIRNEE

"'a---« TDTAL NITQOZEN ffd?d:i;,;ftﬁﬁdi"5

(MG KG

LIME + s°* ffV
MEAN s D.

Lfﬁ e .' 134451745 8320» 24 "0 5390 1090 _

—t
N[
c .
=z

AUt 7724 200 - 8730 1240018949

'EQ,* s° ‘wa$ added at 3120 Kg ha" and CaC03 at 6430 kg ha" to
cyl1nders in the f1e1d R o S o




o -j i
_f"f;_ 'minera1 N 'm the Small N Plots, Bosatta et a'l (1980) found

i -”:‘,,;'}that mmerahzatwn wa@ 1nmed1ate1y balanced by rdot uptake

. mmeral homzon and mcreased N03 N B e e

the control s1’te (Tabie 5 7) . However. hmmg of the am x
so1ls (51 and 52) decreased NH4 ‘-N ,ﬁfm the LFH aﬁd o 30 om: S
e f . : o R S ’_ o

- Selee Lo

5 5. DISCUSSION SR

L1ttle of the apphed fert1]1zer N was- ‘recoverej as

')

o .-'_m - a Scot's pme for'est" n"" th1s study, mmerahzatlon

K -_':“"v.mcreased w1th the add1t1on of Jlime on- the contro‘r s1te -,

s ‘f._'mcubatwon of soﬂs from wooded sxtes from the Peac;e _R_iver- J

“"ﬂ-'_'"f-v.'Reg1on Ogata and Caldwell (1960,) reported a pos1t1ve etfect

0

""-Simﬂar results were reDOrfed by Nyborg and Hoyt “973)& Q"'w *

».



“Jf ‘

R

i No fert111zer N added (background N15)

Table 5 6 Total n1tﬁ€gen (mg Kg

\

. e NG KGT

SR e ToAL T TAGGED

*jﬂjcourROL*'. %—*‘*\\quﬁ &400?j,7n5éﬁo;1 ,H .o?g:d,,;fi

. _NITROGENM - _ NITROGEN.
: -*tiv;'ﬁy 1d'iMEAN i ;is D. _-.;,f. MEAN T S.D.

a .

"”]NxL S :f_;' 6845 J<r710105515f'-',343'3.75:3‘5?"

.y o

4 L Lo
N REE

1.0a - 0.9 .

‘fffi‘} dt,[a‘-ir;;;;;;;f;;__ TOTAL w) ________ ‘-;Liteﬂ L

15) (n 3) in moSS bags-l_

: AsUSpended over treatments to. which NIYo labelled NH4N0 “had ™

, )'ﬁabeen added; - 1n1t1ated at C1 August 10, 1983; ‘moss bags .

. removed . September 12, - 1983. erg case letters indicate
e s1gn1fICant d1fferences (p<O 05) e

tween treatments where'5":;"r
\5the tagged fert1llzer had’ been added . :



R Table o
@ . “taken "
Jjj';fertjlgzer N), the Blg Plots.,at

Extractable m1nera1
- u]y 1882, from the N

 TREATMENT - f‘?f%--ﬁ‘NIL t—;;;:-..--

g Nog

N E

sITE

CONTROL (CT) T (4u4)x
LEH o 54:,-28: -
0-15 . 4 0

. 157.30“ : \\/ 8
 '_”STRAGHAN (st L )
LFH f; 303 55

[ TR - DR
S5 0003

N O

_<fRAM R;VER~(52)" 1.9 o
LFH T 229 70
C45-30 9 1

.  ¥ pH'vélue»at time of sampTing. ‘

L

N va1ues (mg kg") (n 3)

IL - and LIME treatments (no .

Cf S1. and 52

vaﬁ

(MG KG

(3 2)

5.1 .2 0
30071 L3

146 65 : ’»17 ‘ v8!'

(2.4 AL

| | 3 '»ﬁ'q 196 34s;_f,53_-'sé -
omfs . 42y T - A
Y 1



xh the LFH however, C1 and S2 ga1ned The results at cr ahd 52 ‘;‘

'*ﬁ and gTass roc 11mestone

on. the m1neral N accumulat1o:$f

A

the 11m1ng of ac1d 50115

However, 11m1ng decreased net ammon1f1cat1on and 1ncrea%sg!;_ig.':

" ‘o

net n1tr1f1cat1on on the two S° dusted 51tes,~ 31 and S2

' mus from a podxolxr so11 deve]oped beneath a

mature stand of Norway sprucQ'P Ptcea ab1es (L. ) Karst

depressed the accumuTat1on of _dpqpontum N. (Nomm1k 1968)

Chase et aT “‘TTQBB) “Feported that n1tr1¥ytng bacter1a ,;ﬁtih”

‘1ncreased in. numbers Th a01d forest so1Ts after I1m1ng

The SmaTl N- Plots showed a 10% Toss of fert111zer N at

15- 30~cm hor1zons had 1ncreased in

aftervrepeated abp11cat1ons of f rtiTiZer N 51 Tost N 1n

that N was efftcwent]y reta1ned 1n -T1tter wh

60 year on stand of Scots p1ne It'should be noted thai 52

had rece1ved heavy app11cat1ons oﬁmﬁp and 51 had rece1ved S° ;h

Wi

, , . .
v The maJor1ty of the recovered N15 was found in the 0 5

' cm m1nera1 hor1zon (TabTe 5. 9) Recovery of the app11ed N15

it

) 1n the NIL than 1n the LIME + SO at C1 and- S2 The presence

tagged N nanged grom 34 to 71% Percent recovery was h1gher

f Petasttes paTmatus Vtola genifolla,‘ and Lye ium

'f‘?annotinum 1nd1cated a mo1st site at C1 (Rowe,f 1956Tv S1 was

-iweTT dra1ned and S2 1mperfect1y dra1ned Therefore,"ffni'

7_dno1sture reglme may haVe contr1buted to the d1fferences

':thelr total N content-

4 B

i ;_” are-comparable to a study by Berg and Staaf (QFBOJ who found-

) pTaced 1n a

‘3'2 and‘)a 41%. Toss at c1 and S1. (Table 5.8). The o: 15 cm and |



f35gﬂ:from the Smal1 N P]ots (n 2)

'“fvw1TH FERTILIZEﬁ‘

':”igig‘;~f2~i"
_kfltTable 5 8 TotaT n1trogen (K ) for so11

SITE o CONTROL : STRACHAN
| v1 S (52) bt

1;12N ssp/ss* ??' f \_‘  '["j,'-: N
LFH .. - 54050 . 455 - 135

C0- 15 ,».”v'c.»*_<‘1520 \‘470: .+ 1600 == 70
‘ ‘_j15 30 . L

Je

‘TOTAL CHANGE

* ADDTTIONS ;‘_‘_;t?}4ss"'_'*{; LB
Coyloss. o om o aw

CBHNOV/BO - e . 40
- pH SEP/81 . 5.0 . .
pHUUN/BE e 30

f’

'*,Tﬁe' accumYlated total of app11ed N ‘as. NH,
. 784 kg N ha” and for S1 and S2 was 66
;respect1ve1y | '

e+ m1551ng value

e L s MEAN S D 7 ',jM§Aﬁf $,b;7f’
'*f~ffSAMPt4NG DATES e 'ﬁﬁ;;%'?g? e

10757255 1080 20

BRI

e

L e

1340 -
870

575 80 -
25 -
»1140‘ )

- 1830

for C1. w

Kg N ha .

5300 40
s

?S

saﬁplégfﬁakeﬁff'*7f~»;

CMEAN. S.D. 3

o ’f'?f%?;f*ﬁ{f}:#ékfé} TOTAL N--f;;AE%?A~%{f';f-: ‘57
R S B :, 7:'.:‘_ e ': f.1(KG,HA*Qyﬂ' I SR
u ‘f:;NIL dUL/81 jf’f 4;i]ff;ff-<ffj1jf;}:'_. o o
IR TR {71'536;5 390'7"f7256§o BT

Coots 4220 80 71100 - 220 .
- 15-30 .;_;,,.jfgzo 120 0 8700 1




-f;ft;gfgff"jft;e;ggf;:c;<¥f5fffﬁgyb;é~ig_“:g7f7ggf;j;__vf‘»f;t;.gk €3f‘ﬁ&
R e T T R e T e s g

- Table 5, 9 Tagged fert1l1zer “N (Kg ha 1) and perceﬂt;:~7~
"y;,recovery of tagged fertilizer N found in soil Tples from--« o
ee1, 81, and S2. Fert111zer add1t1on (412:kg N ha™') on dune

T8y 1983,.samp11ng on July . -1983.. leferent ‘upper case . -l
. letters. indicate s1gn1f1cant d1fferences - (p0.05) in the .
P ‘f}}_amount of tagged N between s1tes and treatments at that - .
h.'_,ﬁxvge?th (e. g “C1, St1, S2 NIL and LIME + S° are compared atly_i;v;‘
SN 1| ¢ ’-.f_f _ seen T LA e
L . f?'i'yf"”f*ff" TAGGED °494:1T- RS
R R o KE HAT e
e (cm)T p T T el T T
S '-}4J* Lot UNILS o LIME *+ 89

’ '*quONTRDL ey - e L
”‘,ﬂ: o e
L?“ 38
_~:¢TOTAL ’;-i<’_e,;*_"r7*'f_8O"B»Qf‘ff
*f RECOVERY L}’ SR T R I B

| L e R YR
N L1 R - T £
L 5-100 | | L
coToTAL o ama '»549*AB;{f"5
CREGOVERY . a2 aay

O o
<3
O
!

RAM RIVER (S2)
Lo | o
RO : B AT
0-5 ... B o0
5-10 °° . N7 14 A i
oTOTAL T etAB 3

 URECOVERY o 54 % 3



:"§?;wappl1cation t1me gof thei...

"*Td*released from surface l1tter dur1ng -umme

e dlfferences between Small N

may_.have been__gue

.,,—\"'.

to the f ;f‘f_

*1zer N’"”_For _ex.anple NH4+ was'

;but effect1velyt¥f

“-1mmob1l1sed 1n- autumn 1n a podzol ln a SCOts p1ne Stand 1n'f”"”

'fL:Central Sweden (Br1ngmark Nv1980) EXperlence f w1th EN{ifflé};

qlt‘fert1l1zat1on oF forest :ecosystéms"1nd1cates that 'thé;fff;;;

’

o 'Lgvbenef1ts from N ferf1l1zers are tran51tory.3 usually lastlnggiiﬁzﬁ}

'ifabout\5 to 10 years (Mead and Gadg1l 1978 M1ller et al.
f19767

It 1s normally assumed that the value of appl1ed:5},-t¥b

z n1trogen ceases at the end of th1s response per1od becausefhkt

"of the suscept1b1l1ty of appl1ed n1trogen ‘to” loss from thel" '

S A |
' -,ecosystem through leach1ng, volatll1zat10n denltr{;1cat1on.f

; f}’and 1mmob1l1zat1on (WOllum and Davey. 1975)

In the moss bag study the NIL and So treatments showedfff;i:;

'ﬂf,lltt]e loss Of gaseous N (< 3 4 mg tagged N kg 1 retalned-ln&f“Th

S moss bags) 0verre1n (1969) found that den1tr1f1cat1on was;"dffﬁt

rlow in ac1d1c podzol1c so1ls The largest losses of gaseousf

N occurred in the Llug + S° treatment The LFH. of S1 (Smallﬁbh‘t‘”

4"T,VN Plot thCh had been S° dusted and rece1ved aer1al l1m1nglkgwi1?

VZAhad a deplet1on of 165 Kg N ha 1f from 1981 to 1983 SlKQPa;ﬁ:i“t

r‘uand Keeney (1976) remOVed n1trate from a nitr1f1ed sept1c ;t"fld

tank. effluent bY employ1ng xfhé_i- Obllgate chemol1thotroph; e

':t:AThioba01llus denitrificans This bacterxum,obtaans energy byid’ﬂtl

h ox1d1z1ng reduced S compounds and pass1ng electrons to N03.

in the absence of 02 Columns were f1lled W1th a: 1/1 mtxturef_mi.s“

REEEE - R : A . . : v )



'E{a(wt/wt) %f S° (> 2 mm) and dolom1te ch1ps (if cm) and
Juypretreated ‘by cycl1ng an enrtchment of T dentiriflcans
( }h;j;through the co1umns for 3 days Cont1ntous passage ﬁThrough

LTthhe columns, of septlc tank effluent c nta1n1ng 40 ug N03 N

'_199‘17

i*sfml 1 removed N03 3 3 hours at steady state cond1t1ons ?~~f94

; **yf; (23°C) N2 was present 1n h1ghest concentrat1on (on analys1s &

i-
of gases produced) The react1on would be s1m11ar to

3 (' 55+ 5KN03 + QCaC03 --> 3K2804 2Ca$04 2c02 +3N2

A 'leenergy.

'"%ghBremner and Shaw (1958) found that den1tr1f1cat1on 1ncreased
'aiw1th the add1t1on o¥ Ca(OH)2 Tlsdale et al. (1985) reported
'ffthat the péﬁcentage of free ammon1a ~1ncreases W1th r151ng

-i_pH The gaseous N could have been N2 and/ or NH3

‘ffffExamtnafﬁon of T. denitrificans would be of 1nterest in the

‘uiufuture on . S° dusted s1tes.<&nder anaerob1c cond1t1ons (h1gh

r;ra1nfa]l) w1th nltrate and lime present | ',-if; p'37T;1]2'f{7 =

A/ normal forest t1ght1y ‘Eycles N w1th1n 1ts system

T(Bosatta, et al 1980) _inp the present study,‘ w1th the ol

‘add1t1on of S° and/or 11me the follow1ng occurred

+ L - -

_T)*an‘ 1ncrease 1n m1neral1zat1on w1th the add1t1on of 11ne

'to the control s1te.5Qj n

n

- .» . ‘ N . . . 4-\ >. N : I . .
ﬂ_j2) a decrease jjn_ ammon1f1cat1on anda; an’ 1p%rease in -

jnltriflcat1on w1th the qddit1on of lwme to: the prev1ously S° R

| dusted s1te. |



s1 tes wi th’fwfe*'plus 5° 2 Q*
3¢3i4) an \ncrease 1n the loss of gaseous N (N2 and/or NH3),wgii

the add1t1on of 11me p]us S° to the contro] - N




6 1*%fn1aeauetlon

Hav1ng exam1ned the effects of 11me and sulphur on pH

rate of ac1d1f1cat1on and fate of fert1l1zer N of theselhgf;]*d
forest so1ls.“-af study of the effects on vegetat1on wasi"-f7'

L ’g@undertaken The obJecttve was to determ1ne the effect off

natural Vegetat1on iand cult1vated forages ' Changes _fn'f

"'&fr so1l acxdif1cat1on, 11m1ng.' and fert111zer appl1catton on

'ﬁl_’vegetat1on were mon1tored by record1ng percent ground cover,.!f

. N
and surv1val of sown seeds S

<

| 6 2 MATERIALS AND METHODS

Subtreatments of NIL N' thK, “‘and ‘.2N§Kdlweré;;

"»~Fsuper1mposed on the NIL LIME, SO, and‘:LIME + $° main -

o~

ﬂntreatments of the B1g Plots at | the C1" 51 and 52 S1tes ‘

7 NHgNOg was  added at 75 Kg. N ha”T, P205 at 15 kg P ha™ 1, andvjn"i
Kl at 20 kg K ha”l. Some treatments- had N added more than /-

'Eonce 1n the 1n1t1a1 year on]y Add1t1ons began the spr1ng oft

\"'1981 at St and 52 and 1n the fall of 1981 at C1 (Append1ces;-;

'v111 to y11v)

Seed1ng eXpertments were _1nftiatedi'in 1981 ;at'SZ-.‘]‘
'fExper1ment #2 82 S1 Exper1ment #2 and at-SQ-'»TU
d"Exper1ment #1 . and in - 1983 at €1, S1 Exper1ment #1, and 52-

’~;Exper1ment #2 (Append1ces II1 and II11) aThe seed m1xture

7~con515ted of brome grass, reed canary grass. tlmothy,_and

ibtf

L




Tba?ed On percent cover seedl1ng he1ght, and colour tol'

: @ .

—_ ',4’v

4

"ldeterm1ne emergence of the sown seed m1xture

i _leach syb plot duly 1982 at Clﬂ duly 1983 at C1 51.'and 52,

2:fpercent The calculated percent cover for one<clump of grassanf

An est1mate offothe plant spec1es cover was taken in

1spr1ng of 1982 new seed was obta1ned from Pra1r1e Seeds."

red clover w1th ‘a Rhlzobium 1noculum LAppendlx VIII) In the_ff;ﬂpf

jfEdmonton.,Alberta At S2, the nat1ve ground cover was dead“f R
fand the only green on the plot was" due to the emergence ofﬂgfﬁrf}

, Tgrass or clover seedl1ngs A subJect1ve Cr1ter1on was usedﬂgr{~"

"and August 1984 at 91 S1.]and 52 The percent cover for one-fh»ra#

:ﬂ(> 0. 5 m tall and head1ng) " percent cover of less than one'n'i

-was recordedgas one percent A one Way analysls of var1ance

'vf‘splaht f1reweed (0. 5 m tall) was calculated to be 0 50T35

ﬁlr GO cm) was 0. 40 percent (< 0 5 m tall) and 0 90 percent;ff

[‘and 2) fert1lmzer subtreatments. on grass, moss. ‘and herbs.

‘f1nd1v1dually as well.as 4thewtotal of the three vegetat1on'f

Ctypes. -
6.3 RESULTS - o
6.3. 1 | EMERGENCE e e T

._Sep/82 632 Exper1ment #. 1 wh1ch had been*sown Aug/82, showedv

’was carr1ed out between 1) l1me and sulphur ma1n treatments,__l

In 1981 there was no emergence on 52 Exper1ment #2 Ih’gf-.

‘- no emergence on elther the NIL or S° treatments (Table 6 1)

-The LIME treatment had poor to good germ1nat1on LIME + S° -l;v}-*f



",~ -SUBTREATMENT

:‘,v_2N‘f'”:v'fjeﬁleR2

C3NPK T R2

v N .

Table 6 T An assessment of emergence completed Septembe??ﬁ'f
'ex”{sj18 1982 for seed sown August 5, 1982 Ram RTver 52-.,73
- ‘“EXperTment #1 B _ s IR N R

AR

“‘fﬂ;,§*f;§;aff;§ | TREATMENT

REPLICATE

B

ST R
CNIL 0 R2D
s TR

: ‘;R1i

B

+ -

E-Toh-Th

S

, R3. =
RS
' R] .

000 oo emmu
. N . * t. N .

. ooco., odo ‘c:o.;o‘o\ o000

DEAD

= GOOD (AVERAGE GRDWTH) < 30% COVER .
.'=‘E CELLENT (LuSH GROWTH) < so% CDVER O

wmoe v o
) h R

s .

—— 2 . . . L S ] - ‘ o
2 o . " . . . .

O

“

POOR (YELLowkyé/’T PURPLING) < 10% COVER SRR R

W03

“ﬂvi_ LIME f*<i,59 Sl s°'?*3"



“Zf%;tfgrasses possxbly competed w1th;3
'!;some 1nstances 1t was drff1cu”t}
:*?h':oftwo S1tes w1th a pH value lessﬂth{}f@doishowed l1ttle or noﬁffl
’bf;emergence of sown grasses iAf | pH of - 5.0 “or greafer.%ig

nfemergence was good e,~.3;f;551_f,.
,1wh1ch had an excess of l1me (Table 6. 2b) and some casesﬁ;;
'~:“lgnegl1g1ble on 52 Exper:ment #2 t the Strachan snte.if
JilR1ver, ExperIment #1 was furthest (F1gune 2 ) These twoo

'Jiexper1ments had been seeded 1982 wh1le the rema1n1ngnfff

';_ “exper1ments and C1 had been seeded ln 1983 On' compar1ng thel73v

C | — :."_..'. LT

;germ1hation of these grasses 51 Experwﬁent ﬁ? showed no}t,

emergence (1982)

In 1983 grassfg

In 1984 grass germlnated best on LIME + S° treatments”}i

:‘fEXper1ment #2 was furthest from the S° block wh1le at Ramf

rresults from Table 6 1 and Tables 6 2a, b the eMergence of,7;°

;{grass 1Q the fall ‘of 1982 at S2 followed the same trehd in

/

1984 howeyer,, the percent cover of. colon1zers was’ much o

Cml g e e T T

had gOOd to excellent germinat1on lee was needed forlj}:

: lnated best on the LIME and LIME +
) treatments (Table i _2a)'

However._on most s1tes nat1ve’;ﬁﬁ
own cult1vars and 1n’;a?

! {rent1ate between the?mff‘

'w1th fert1l1zer add1t1ons HoWever, = germ1nat1on wasf*°“

~



¢5’]_fab1e 6. 2a-J

Average percent

cover of grasses ‘for each

treatment B RS P subtreatments)

pC?%. sown'dJune 15, 1983 at C1,

'S1=Exper iment #1 ‘and S52-Experiment ;\,Vf{t

‘,¥*55165:;;

The seed. mixture was.

'”&'#2 and  the first week of ‘August 1982 at. S1-Experiment #2 = v

L 12719825 “Numbers represent the perceqt

f recently emergedﬂéver ‘the -
.were not: -in head: .- (the ‘au

.....

thi r was.‘unab le tord1st1ngu1sh the
d\fferences ‘between nat1ve -and . .'s

‘total perzEnt ‘of " grasses. which -
ii:fﬂ}g 1nstances due to animal” brows1ng)
I TR ST

CONIL o2
S aas

rfLIME;[j,r[.’ C3/21 L _7
s o ;i
R 2) :

'”7v§.LiM£:fg$°g:ftﬁ"1/7 | '718

NN
é
-

‘jﬁ;pHevalues;tdkenpduhe;10

/2
9)

, 1983.

_"T21/28

n grasses _leome

v*and.SZ Experlment #1.Thé™ percent cover* was taken September-

of gPasses which had e

Tl

e

0/ - "&°6/i,'f77 )
(2 7 e

4/9 | ”d/7~*”““3"

| ff6/12 } EVAKS f*



. R R

-, ?,,Table 6 2b Average ‘percent - cover
- ittreatment: (n 3 and 4 : subtreatments).
7 'sown s dune” 1983 at. C1 S1-Ex #1

e first week: of Augush TG
'ﬁggcover was: taken August* _

at 51 Ex #2
1984

.-(. ..

Coemew - - 4 o

' ;lEEAIM§ﬂlf{}a;;1'

)

. * S1 #2 and 52 #2 are. N ‘
s sis #1 and 52 #1 are 3NPK

B B S S PP ST

and 52 Ex

,..', -

of grasses for each#

‘The = seed mixture was
and S2-Ex’ #2.Aand the
: Percent

© & u o




*:,'»»6-‘.3_.,,2 VEGETATION LIMING AND FERTILIZATION J S

y .

R

2

7 pH. value dropped to 3. 4 Taé’e (6. 3a) The herbs appeared to-fﬁ?t;

~

L1me i1ncreased (p<0 05) the growth of moss (Table -

6 3a) wh11e So and fert111zer N decreased (p<0 05) thezbﬂfﬂ
1 aﬁg th1rd year, 1984 the grass had'ﬁv‘d
1cheased (p<0 05) 1n the 2NPK subtreatment of the LIME + Soliff“'

growth of MOss

treatment R ORI IR Lk

q o N

The percent herb cover 1ncreased (p<0 05) w1th LIME +f7t'

S° at S1 (Tab]e 6 3b and 6. 3c) and 52 (Tab]e 6 3d and 6 3e)ff{

and w1th no fert111zeq‘N at 81 (Tab}e 6 3c) The moss cover
N7

(p<0 05) in percent coven\w1th excessv Time - (LIME _+ 5O). andHH*y-"

(Table 6&3@3 The moss and herb cover were a11ve at.

N

‘?’_1ncreased (p<0 05) w1th the excess 11me _1n the LIME + Sotvf»»»

- treatmeny at st (Table 8.3 52, grassfmc"easedt |

Strachan whereas at Ram R1Ver the mosses were dead and the g ,

herbs were sparse

pH values Yere not measured after 1982 At the control

A ; 1ncreased ?rom ,4 4 to 6 8 Percent cover decreased when the

‘s1te (C1) percent moss cover 1ncreased when' the pH valueaf\

grow better ‘at h1gher pH va]ues,“ however. 1t would appear'“‘ -

\§mt some her factor 1s of greater 1mportance‘:(Tab1e 6 3b- .
fdr Strach and Table 6. 3d for Ram R1ver) (1. €., pH of 6.0 \-; .

- : L

does not ensure herb development)

e _."".4* ’ 1,
R T
.
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v5 Table 6 3a Results from a one way" analy51s= of varlance far

~Control: (C1) (Appehdix IX). “Bifferent lower case: letters,jff‘bb

indicate significant dx?ferences (p<0.05). in ' percent cover.

= '-between lime - and sulphur  treatments for any year. D1fferent:,- -
' upper case letters indjcaté . significant differences (p<0.05)
in percent cover between ferttl\zer treatments for any year

:vnn:l: pLANT TYPES  :i ;- -n::t?e‘«e f, : 1;‘ Tn}H“‘ .%ﬁ€v;i‘TTet"l‘.;

©ONIL -

~_GRASS® o e e A
~ MOSS . o L s A R "AB
"HERBS . . e .+ b aba b
TQTAL%“.“ Gl oM e b boa  ab

CGRASS - S R O 8

- MOSS . SRR oA B A ,'A:-jv_ S
‘HERBS .~ & L b . ab-a b
CJOTAL - 0 o L _ R »;ab -ab -a’ b

- pH value . .. oo ”'ti' L ~”&f

<

A
I .

.% ’a

FERTILIZER 75?3ﬁt:T;Q LTME:AND;SULPHUR;TREATMENTSt'

“TREATMENTS

NIL LS LS U NIL-L S L+S QNIL L §-L+S

'3.46.83.46.5 4.4 ,_32.2~

- S ma o mm m - —-——— P e e

GRASS_VJT‘ . : .:Pthﬂfee';t,ﬁbn ‘ .: A. ,T:_ e A?f_ 

MOSS . ab ' b- ax a b ¢cB a ab B

HERBS ~ - SR B BR e B

CGRASS e e
MOSS T A e A

HERBS R A

ANk

TOTALS. .. ab.b a ab _b '"b-r .

* " “:has a lower va1ue than "b“ .

a L : A

TOTAL - . 4a b a a ‘ab b a -ab
N B | ‘ LR '



aZA[TREATMENTS

Loy

a0 e -

109

" Table 6 3b Results from a one” way analysis of var1aqce forr 7ﬂ”

" Strachan - (S1) Experiment -~ #1 (Appendix IX). Different

lower - .

~case letters . indicate. significant differences ;(p<0 05) lni-; .
’percent cover between’ lime and. sulphur treatments for-any . -

year. Different: upper case . letters, 1nd1cate -significant

~ “differences ~(p<0.05) in }percent cover ;Fetween fert111zerf;{ff:-

*"treatments for any year

I3

.FERTILIZER . f?_f»f- ~f'L:MEnAngsULPHUR-TREATMENTS“

li“PLANT TYPES

[T pteea———t

TGRAssv‘J }‘,;‘._  - - fo,',ﬂf  _ ‘_a f.“b ' . ;,15 »;

COMOSS. T
" HERBS -~ - . . a*» ab a b " - -a .’ .b a
CTOTAL. - 7 oo ‘a_ .a_ a - b~ ca.s

MOSsS e o

worAL - - T e b e

NPK

o MOSS , | | S
HERBS© ~ "ab a- a . b~ & .
TOTAL - o a

CBNPK

v'd‘,‘m
o
0

| GRASS - . S A g gt e ocall b
-HERBS - A - b ar c .
;,TQTAL~- o . a ab "a. b T

i
oo

'*TOTALS vft’:; &b b a ¢ - a . b a ¢

Vo

'7_-“ pH value e e A ‘?   .

o a" has a 1ower value than"bf e f'!‘” 

GRASS . . . alab.a b .



. FERTILIZER ‘4’{ . % LIME AND SULPHUR TREATMENTS = -

Tab]e 6. 30 Results from *a one Way analys1s of variance for? ff'7’
Strachan ($1) Experiment #2  (Appendix- I1X).: -Differ#nt Yower .

‘case -letters indicate significant . deferences {p<0.05) in -

n;ﬂpercent cover between 1lime. and sulphur ‘treatiments = for.any -
_year. Different upper case " letters indicate significant - .
d1fferences (p<0.05) in. percent cover - between fertilizer -
treatments for any year Conen LT T

el
a4

TREATMENTS =% S .
PLANT TYPES T e

I
m
2
[0 ¢}
w
[+
o
o
(00}
4
[N
Q
[\ Vs I V)
TOO e

f# “a" has a lower value than “b?g, |

TOTALS . 1. a a2 a b a a a’' b



¥ HERBS . . a-

 ,_~ pH value 5

' Table 6 3d Resu]ts from a one way analy515 of variance for?t¢ e

T Ram. River . (S2)- Exper1ment #1 *Append1x IX). Different. Tower = ="

.. case letters indicate : significant  differences  (p<0.05} in.o

- percent -cover between .l1me and’ sulphur treatments for any _'”

year., . Different upper . case- ‘Jetters indicate  ‘significant

d]fferences {p<0.05) - 1n. percent cqver‘ between fert1l1ﬁgn J;ft'f

’1t3-treatments for any year

vf*irgRTIerénfj.[tl'” s LIME‘ANofSuLPHURfTREATMENTs ¥
" PLANT TYPES.

ffﬂlL ": Lfat{fo ;ta‘

. GRASS . -
. "MOSS

‘MERBS. . a*"a a_ b a. a a ‘b

- TOTAL - .. -a @ ‘a.‘'a ‘b

TUGRASS o e el

HERBS * : @ a a b . a @b a b

ToTAL -, @ -a -a b

R T I
- GRASS .. - a ab a . b..

oo
[+1)
S )
o
[+}]
o
[+1]

TotAL . a

'abf-‘

: /y . L o e

C GRASS . - a b a. b,
MOSS IR R TP R

- HERBS . - L Cen

COTOTAL e a. ab a b

TOTALS. 2 ‘b2 ¢ a b 2. c

Lo*"al has a- lower value than "b“

'.
"

g . c . —
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o S | i
.,aiVTable 6. 3e . Results from  a one way analys1s of vafiance foh’7;7-fﬁ
"~ Ram River (S2). Experiment- . #2 (Appendix . IX)-.- D1ffer t lower: - - -
case - letters “indicate ls1gn1f1cant differences.- (p<0 05F in .0 o

_ -_?percent cover between lime . and: su]phur treatments - for any . .-
. 'year. Different wupper case. letters -indicate * s1gn}ficant;,;

_differences - (p<0.05) in. pecgent cqver' between fert111zerfpff4 ;

o

~MOSS S s T T
TOTAL ¢ - ﬁ»,“ L ab b a. ed o.al
bt C o

';treatments for any year

-t

BERTILIZER - - - LIME AND SULPHUR TREATMENTS = '~ -

e
" .PLANT TYPES

4 NIL - g " ) . ‘,,?:‘.,_ '. o B ‘ '_",40

GRASS . ax a a bAB a a -a . b

HERBS

W
o
o
[«\]
o
NN E
co
Y]
4
o

~MOSS

~ TOTAL

CwOHERBS - g
AL »fka b a.bAB . a "b a b

GRASS. - . a a2 b8

MOSS - r g

HERBS '

R
[«]
o
&
[+
o

';,JOTALg‘ﬁfff!ﬁ ‘; _‘i a -“35 e a*j:bABje |

GRASS . ab bc  a ”154_  ab’ b a ab o

©OMOSS . - se T P |
MERBS.. - - .ab ab a b . o
“70TAL 0 . “ab bc. @ cA . ab b a b

TOTALS"' - 5%f'f,"é ,ifb";é? < ﬁ%4f=?b'-sa" b

* " "'has a Tower value than "b" .;'g Aei;ee}-‘~, AMVf




‘-s 2 oxscussx N

Ground cover at the- control s1te Sep/81 was d1verse,;f 5

L"Qhe S° | treatment .ahowed a décrease 41n gnouna‘ cover;bfg-l

esi;ffdans1st1ng of such specaes as Pleuroz1um Schreberi cOrnusfjgﬂefff

»"llt763nadens1s Ptiliym cr1sta castrensis Hylocom1um S¢lendens O
f“ffL1nnaea boreal1s,:’ Splraea lucida Antennarva neglecta.ﬁif!:
‘ffilArnica cordifol1a and Elymus .innovatus With add1t1on of)ff’d
' 15?]1me ground cover became more lush and headang of grasseslhf'

.""fjncreased w1th fert1l1zer greatment by Aug/84 ’ In c0ntrast jj;f7:-

vegetation,‘ mosses were ' brown 3_1n colour (1nd1cat1ngh']aﬁh .

mortal1tyl and the only spec1es to surV1ve were Cornus,?i

v* canadensis. (5%):.a few grasses (5%) Spiraealluc1da (5%)

and Linnaea borealis (5%) (average percent cover values)

the LIME + S° treatment herbs' and mosses were depleted% o

10%) w1th the grasses show1ng a 10% - 1ncrease in percent_ g

At the Strachan 51te (S1) the ground cover was: st1llg S

healthy in the summer. of 1981 The maJor spec1es 1ncludedmf_l [l

9
Cornus canadensjs. Mawanthemum canadense ;fvan’ 1nter1us

Linnaea borealis ' Vacc1n1um 7 myrt1lloides,i_ Ledumvffl'

groenlandicum. Epilobium "_ angustlfollum :f‘ Pleuroz1um

| schreberi : and Pt111um crista-castrens1s By Aug/84 w1th l,ﬁj

the add1tlon of l1me,- grass cover 1ncreased W1th Elymusv‘

1nnovatus domxnat1ng Percent'fcover of Cornus canadens1s¢*;,f

increased at Experiment # 1'but-ihas 0 at Exper1ment # 2.

Epilobium angustifolium whlch normally establlshes 1tselfl_,“5

RIS



a,fangustlfollum 1ncreased

'“‘ffcanaden51s were found in clumps

. g

"‘treatment had an average percent cover of 5% w1th short
,grasses and Epilob1um angustifolium as the maJor colon1zers

'fuf:n the LIME + S° treatment the d1versxty of spec1es was

e

i7f_; after f1re or- clear cutt1ng. o Wasf] prom1nent The So

; ma1nta1ned ds’in. the - summer of 1981 but percent cover oflridlf?f

h:;Elymus 1nnovatus. i Linnaea borealis,%

The Ram R1ver s1te (52) had l1ttle ground cover in thefy

"‘;nsummer of 1981»,Moss cover was: n1l and spec1es r1chness was

(Cornus canaden51s, Elymus,_innovatus ‘ and Epilobium*}

: angust1fol1um) By Aug/84 aftert‘additlonrof lime, percent,-

A'”cover of Sptraea luc1da 1ncreased at Exper1ment #o2. In'tHexj;,f“3

!QESO treatment | the vegetat1on was dead In’Exper1ment # 2,

'?fpercent cover of Spiraea luc1da 1ncreased 0 the LIME + S°gf o

»'.'treatment as compared to the LIME treatment In Exper1ment #d“

‘a:ffgj, Cornus canadens1s and Epilob1um 'angustifolium were"

"dom1nant | The grasses.- Elymus 3 novatus and Calamagrostlsiﬂ':~-h

:_t both Ex # 1-and 2. 52 .

" had less vegetat1ve ground cover than S1 : Thls can beft-j“r“

,_hjattr1buted’ to the longer exposure ,to S° dust and 1ts'-'

:breakdown products (ie. ,'S 2' S)

In forests,‘ uptake of nutr1ents occurs pr1mar1ly from,

| the surface so1l organ1c layer (Cole. 1981) Trees that have'7

.evolved in'a h1gh NH4 -N, low N03'-N so1l environment appear”:'

to: take up NH4 -N over N03.-N ‘ selectlvely ln_ th1s study,;:‘

'*~LNH4 -N domipated ‘the sofil system on s° dusted sites.



= ;ione year after applwcat1on)

f:‘dusted s1te

'f“j'vegetat1on at S2 wh11e 11me was needed at S1 .ﬁ 33ndn¥f_v oy

SO W15
T 5 O ST
.fa.HOWEVéP, wwth - the ‘addition‘ of lime;, nitrification  was °~
_”]1ncreased ; SR e T T e T e

T In conclus1on

PR,

'v*f'1) 6770 Kg CaCD3 ha 1ncreased (b<0;0$)fgrthh;of mossesl. I

, 2) Two years after the app11catlon of. 2280 Kg S° ha =1

. per-. -
cent cover of mosses decreased (p<0 05) ".' ' ‘L'fﬁj';ﬁif?'~q
AiﬂG) Grasses were favoured by excess l1me and NPK on a S° -uf‘_ﬁﬁ

"'4) Herb cover was ma1nta1ned by excess 11me w1thout NPK on a

B S° dusted s1te L1me and fert1l1zer were needed to ma1nta1n



| . . 7. RECOMMENDATIONS .

© ~

In an area where the p0551b111ty of. S° dust1ng erists;n’:"
'l1me shou1d be added 1mmed1ately to retaln'the natharf”
;vegetat1on Succe551ve add1t1ons may be needed 1f S° dust1ng_

‘h3‘{cont1nues over a long perlod of txme An excess of l1me asil
”I_{ CaCO3 had no adverse 'affect on the vegetatron Therefore.
,lfmore 11me than’requ1red “to neutra11ze a measured amount ofa{

N e ‘bg
ﬂ';vh__f cfﬂ1ﬁﬂcat1on may be safely added 1f S° dust1ng contmnues

S.Gnce the ground cover has been depleted NPK add1twon5'h

are needed to ma1ntaqn grasses unt11 natural vegetatlon can

w—

once agaln be estab11shed Seed1ng of grasses (and clover);

'iwralnfall TS ‘hrgh ?toq ’ensure | germ1nat1on and '1n1t1a15

. it

;establ1shment of the seed mixture app11ed S "_5
SRR S ' ' , /
.\ : L - g ’ “v" S
s »2""‘ e . i
Dl %
Vv‘]' « o J d: ’ 5. o
N * ..“,“._o» “
L o o
i AR - SR
A o va . .

,\ should be done when there is excess l1me “on. the 5011 ‘and .



. 7.7 8. GENERAL DISCUSSION AND CONCLUSIONS - .. -

When the prOJect was begun the ‘“blgm‘ blots»IWere\

ﬂhi‘f‘fdes1gned w1th ma1n treatments of NIL LIME Elementalf HN”'N

-t'Sulphur (S°)., and LIME + S° nd w1th subtreatments of NIL f-

.':fitN NPK and more than one appl1cat10n of N fert1l1zer in thefﬂiat-

"'pflrst year We hypothesized that on the ma1n treatments,*':‘

QQ..'.

'f‘where 5011 had been made ac1d and barren of ground cover by; e

‘.'t.SO dust and subsequently l1med a m1xture§ cultwated

'}iigrasses would take hold upon seed1ng o However,-_the~

R ,‘hY}f’%\GS’ls was 1ncorrect as percent cover of the sown seed - I

‘hfm1xture was low (<TO%) The so1l of the Small N Plots;o%-i'd

'(unseeded) ;wa ”5'sampled : tw1ce yearly and m1neral N‘f:f'

_'Q.determ1ned M1neral 'N" from the ‘appl1cat1ons of NH4NO3N“ jff

';_}qu1ckly d1sappeared However, 41% at 1 and S1 and 90% at'

52» of the total applled was reta1ned 1n the so1l down to a'; o

;‘i'depth of 30 cm | The results of the Small N Plots 1nd1cated ’vﬁ'

"that mvneral N would be 1nsuff1c1ent for planted grasses

NH4N03, double tagged w1th N15 ‘was - used to estimate o

7_'the fate of appl1ed N fert1l1zer The recovery of total,*i

,tagged NH4N03 was 34% to. 71%_Jto a depth of 10 cm) at two 50/;

. :f_dusted s1tes and one. control s1te The recovery was less on

;llmed so1l than on non l1med so1l When moss bags were hung;j

' I;O 3. ‘m over NIL Sol} and LIME + So treatments, N15 was .

“trapped 1n bags suspended over the LIME + S° treatment I,e,

the so1l below the moss bags;'recovery of total tagged

N7



'_n1trogen was 40% to 65

" Normally,”

o dun/dul 1983) as compared to the Moss Bag

7;l1me on two So dusted s1tes The N15 expertments 1nd1catedif,}y;f‘

»f»’that tn most cases half of the _N15 tagged fert111zep haduyﬁ

| ffﬁof;N by the‘ moss bags hung over the LLME + S° treatment

B

| 'suggésted that there was evolutpon of ammon1a from that

‘treatmen:wl

i(Bremner and Shaw,“1958) uBUtﬁ sulphur ox1d1z1ng bacterla.'d

"7iw’den1tr1f1cat1on (Stkora and Keeney, 1976)

The'“N15 in B1g Plots" experlment wxs wet"' (170 mmthhh;?j

Ay w1th the Iowest value obtalned’on iff?

.Ailtr1f1cat1dn ‘is slow when so11s ‘are ; ac1d'ﬁ-.'A

”vfthe LIME * S° treatment | M1neral1zat1on 1ncreased on thedfﬁfﬂfun
';control s1te w1th the addttlon of }1me Ammon1£ncatton¥fﬁ;l:75

hhtdecreasgd/aﬁd‘nttrtfxcat1on 1ncréased w1th the add1t1on of;?fl”'bﬁ

v jdtsappeared from . thee sbﬂ f'Apphed m trate may have beenj;'f"
- (leached beyond the samp}ed ]ayers Den1tr1f1cat1on of the e
~-.’.’:-""Y‘A.n1tr;a&€ or p]ant uptake may have occurred Volat 11zat1on ofif:fkéf
‘,::ammon1a from the app11ed ammon1um n1trate was a poss1b111ty:i.524?

~ .on treatments wh1ch recexved h1gh rates of 11me The uptake;;fpl.v
sdq'consequent f1xat10n of ammon1a by the moss e
1_.e g. ' Thi 0111us denttrtficans, ”éould~ have caused;fj::i

Exper1ment whichhl S

v'"dry (35 mm. AugﬁSep 1983) The so treatment of C1 had

'wh1Te for the wet months, the NIL treatment of. 51 and S2 had
& recovery of 42 54% (Table 5.99. Thtobaci‘l‘lus denttrtficans
,;may have been caus1ng the loss of N durlng the wet montﬁs

__1 thls prOJect the shallow organ1c layers of - the ,5§n

¢ A'\
- [ S

a tagged N recovery of 1% (Table 5 5) for the dry months,h



vn#;f control 51te wh1ch had not before rece1ved S° ; were made f‘
‘”f;f ac1d (pH 2 0) 21 months after S° appl1catlon The m1héral

layers were not 1nfluenhlg ;i;pl1cat1on of l1me at the t1me ;i3w

5° appl1cat1on ;ﬁresuérp”
B ma1nta1ned Further. e-|/rowia:
.f 1nd1cated thatl;géméxgaaé?%ﬂgQ

‘“1'} 'Wl]l ma1nta1n the ground cover

I udgh flnely ground l}mestone 1n my f1eld exper1ments.,5“"

but in the extens1ve l1m1ng program by the two gas plants

—-—-—'A-——-

coarser "glass rocK" l1mestone waS'spread from alrcraft Thel;fji!
former 1s the conyentlonal f1neness of grind for l1m1ng farm
':'"ﬁ501ls and the'"glaas rock '1s not cons:dered flne en0ugh to
'i,puse on farm soils.. The glass rock"'needs to benapplwed at

‘ffmuch hxgher' rates than f1nely ground tl mestone to ach1eve

“ . u"“
¥

P

Q;the same results ' :
\Incubatlon exper1ments, wlth add1t1on of S° to the
7c{;ground organ1c layers of so1l from areas exposed to S° .”*"';

‘e'depos1t1on and from cl'%p ‘ areas, showed a lag per1od 1n

o thef clean samples - Fthet” ox1dat1on tof S° and

"ac1d1f1cat1on of the: 501ls ‘The MPN values of Th1obacillus
L P ,
Lo ”thiooxidans weré low for a clean : s1te compared °to a s1te N

‘wh1ch had rece1ved S° An551ncrease in the Thiobacillus 3z7*§¥§

ijpopulat1on°was needed before a 519n1f1cant drop 1n the pH

-Value coul-

‘T"cu In the f1eld exper1ments and 1n the ,l_

;_‘1ncubat1on ex3;r1ments. S° ac1d1f1ed each so1l although the }f_
]ni t‘ia] uSpeed yar"led C : - v. ) s ;I. I - 7\.‘ :

d



' 7

) vegetat1on cons1sted of COrnus canadensis Elymus 1nnovatus,f '

o - .~ . R, .
= DA SRR LT SR
Lo : ..l - ‘7
h Ny
o Y .
Lo . )
o L 1
- A

The pH of the 1eaf l:tter from the tOntrol s1te nearfﬁf

thefRam R1ver and Strachan gas plants‘ was 4 4 the L'

layer. 4 2 1n the FH and 4 5 in the 0 5 cm mfneral h¥razon

Add1t1on of 2280 Kg so ha-T}.caused no pH resppnse the f1rst;7::

year, but by the second year the pH had dropped to 2 2 1n7~ .

the L dayer. 1 8 19 the FH and 4 1 in. the O 5 cm mlneral_' P

h°"‘Z°n “The. ground caver Vegeéahon wh1ch was ‘lthaHy

d1verse and 1ush had become “less d1verse | The re5U1t1ngaC::;$:

v

Ltnnaea ' borealls Sp1raea B }uc1da,q and Calamagrostis_‘

canadens1s (each w1th ‘an 'average 5% cover value) N1nef«

: months after the add1tion *of feedgrade 3 11mestone at 6770r7.ﬁ

kg ha the pH 1ncreased to 6 8 in the L layer.:5 ﬁ in thegﬁfk¥f}
FH. and 5 2 ain the 0 5 cm m1nera1 hortzon Moss cover_nd'f;
1ncreased (p<0 05) at thls tlme W1th the add1t1on of 2280;t*f;:

kg S° ha and "feedgrade” ]1mestone at 17700 Kg ha hef?['“

1{ pH increased to 6 5 1n the -t layer. 6 1 1n the-FH. ahd\‘F;Jnj

Ty

"-; in the 0 5 cm m1neral horlzon Moss cover decreased and herb L

},

cover 1ncreased "h v%' A Ffvf-\ //‘ : ,

8 : “
. Yo, T

#treatment the nat1ve

o . - g

f'_-1) Sown cu1t1vated grasses grew poorly on. heav11v S° dustede
"hareas wh1ch had been subsequently l1med SR |

":"t 2) W1th ‘the add1t1on of nltrogen fert111zer on the LIME +° S°

'grew/well

e, e ST T

.1'f 3) M1neral N dtsappeared qu1cK1y from the plots but a. 1arge

[

In cé%clus1on ?51 .'.'.*-C>&T o i? ;.'”ﬁﬁ\'_j_lfu.g .

[



.. ,portuqn of the mmera?N was 1m"°b11:~zedm the ‘L»FH"j"'ar_\'d’- t“'e . .
f0/15 cm m1nera1 hor1zon E . i | o | "‘ 
3}4) There was - a’f"lag effect in OX1dat1on 9% S° in the{;{ ﬂ-

j.organlc layer in the field. and 1n the lab ln so1ls wh1ch hadt'
“not been prev1ous]y S° dusted |

.'5) Ac1d1f1cat10n ‘was. shallow (down tofiavdebtﬁ of‘td'Ch;et'

17{32) over the t1me DePTOd of the StUdy;;kgu

ity
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'Append1x 11 ' Soil prof1le descr1pt1op at the control sxte S
] C1 {NOR=X- 265, s1te # 9) (Add1son et a1 1984) '
' - | SOIL DESCRIPTION L ”‘34;;‘ e
: ' ) u\,j»'. ; ! e s .’ c s ‘
‘ LOCATION..;].;.jz;,.Nw 18-37-12-W5 . T R S
PARENT MATERIAL..... Eolian veneer/mora1na1 t111 LT Ta e
ELEVATION (M). J1417 IR %
~ DRAINAGE........ ',...Moderately wel] dra1ned '
- -~'SLOPE & ASPECT..:....1.5% Northeast - L
. CLASSIFICATION...... .Brupisolic ‘Gray Luv1sol . L R
‘:VEGEIAFION...,T... .Pinus contorta wvar. 1at1foTia was the
. .+ dominanf.. tree - spec1es. with " -numerous

. Abies balsamea (stems” < - 5. cm. in:

d1ameter) The ~ground cover was diverse: =~ .

~with 'the major ‘species ‘being Pleurozium.A~f;.r

schreberi, . Cornus canadensis, Ptilium =~ . ¢

cr1sta-castren91s Hy]ocom1um Splendens ‘
: *Linnaea borealis, and Spiraea lucida.

_M____....'._--—_-‘.--.--.._—_--—----—-¢------;——---——--a.-—,-----_---- -

’HOR;ZDN BEPTH CQLOUR 'éb3 '1&X¥HR£j;;§JRQCfURf,2"’

LF. - .4 0 e o I R Lo
" Ahé . - 0-5 . 10YR.4/1.5 (m) L. .-structureless, ‘m..i ‘
R R 10YR 7/2 (d) -~ 7~ - massive. .

Bf . - 5-12 7.5YR - 4/6 (m)- -~ 'L tructureless.'{

T : . 10YR 7/6 laH— ~ + = massive: anE o AR
“JIBm s 12*26 - 10YR 646 (m) 7 SL - wery weak,medium - i g g
AR : _1OYR 8/4 (d) IR subangu1ar b]ocky T

HORIZON - pH _DRGANIC CEC - BASE PARTICLE SIZE '
o ) (mmo],_:‘Sata . (k)
e . i Kg %) SAND SILT. cLay
L ' N 5.
" LF 3.9 ., S : L - o
Ahe 3.6 - 1.48 154 o 30 a9 21
Bf 4.4  2.84 217 . 14 . - 40 38 24 .
[1Bn 4.4  0.60 ~ . 93 - 29 - = 5230 18
e e . ——— - - -t - - e e e mmm e - - - Y e e e e .- - e -
', SOIL CHEMISTRY '
S TOTAL =
HORIZON gpH.  DIGEST (mg kg") NH40AC EXTRACT (mg kg ).
o ¥ s ca s . Ca Al

L LFH 4.5 230 4,4190 190 4140 , 150 _

- Aey 4.7 210  .35380. - 10~ 350~ 550 - !
Bf - ..5.3 1§Q30,,, 4190 - - 20 - . 550 goo0 .-
. Bm - .5.4 210 ~ 1860 .. . . 10 - ' 530 620
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. App ehdix I1i""‘“So1l prof11e descr1pt1on at Strachan (51)
?’(NOR X 265, 51te # 1) (Add1son et al 1984) , ,

‘ o~ _ @ SOIL DESCRIPTION

g LOCATION..,;.;;I.j..SE -35- 37 09 WS ST

- PARENT MATERIAL.Ix..EoI1an veneer/mora1na1 t1ll
 ELEVATION- (M). v 1204 R RN

DRAINAGE..;.;.;. ..Well dra1ned S T
" - SLOPE & ASPECT. ‘...;1% Level : ‘ -
. CLASSIFICATION... ... Brun1sol1c Gray Luv1sol : Y ’ .
' ,n.”VEGETATION...,.;zr,.There was :a co-dominant stand’ of Popu]us:r‘~

T S tremuloides: and Pinus contorta var.

;.lat1folla with a m1nor . component. of’”?';_
... .~ -Picea 'sp. .  The ground‘cover was herb e
LT e -~ -dominated by Cornus ‘canadensis, ' | S
: . 7 . Maiantheéemum - - canadense var. 1nter1us,;
‘. Linnaea. borea11s and Vacc1n1um
myrtilloides.. o

_______________‘______-________________-___.___.____-,___.,_______

»CQLPUR - TEXTUREf:~STRUCPMRE,‘, '
COH0YR 2/2 (m) &L E e
" 7.5YR 2.5/0° (m) I
© 10YR 5/2 (m) S1L ~Structuré1ess,

o 10YRT/2 (d). .
7.5YR 4/4 (m) 51L structureleSS"
.- 10YR 7/6 (d) - -

“"10YR-6/3 '(m) - S1L 'moderate med1um

B ;:_10YR 9/2 (d) - platy R
gmTmmogTonnmoTTIERC- ,-~---~'-f':f-‘-f-‘: ---- \Sfjft'rf'i"*‘-}“_r:';

'JHORIZON_}=DH f~0RGANIC " CEC' . BASE .. - PARTICLE SIZE_
ST e (mo} . sat. ) o
. . - kg ) (%)Y sAND SILT CLAY
b 1.3 | . |
" FH- 1.6 - , B T
Ae, 3.2 1.52° . 210 - . - 27 59 14
‘B - 4.6 . 1.81 220 . 26 54 20
ey 4.9 0.29. 130 - 18 63 19 °
I - SOIL- CHEMISTRY s
B U (°17- AR ; - s
" HORIZON- pH - DIGEST (mg kg™ ') NH4OAC EXTRACT (mg kg 1)
i o S Ca S o Ca AT

- wW . ® 2.5 58600 11700 " 11600 9540 300

oyw R ST 7d“ .
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:‘Abpendlx 1111 §ﬁi1 profl}e descr1pt10n at- Ram R1ver 152)
(NOR X 265 s1te # 15) (Add1son et a] 1984) . A

SOIL DESCRIPTION

132 4

: ;LOCATIDN..;.;...;.i.Sw 01-37- 10 WS S
- PARENT. MATERIAL..,,.Eo]1an veneer/mora1na1 t1ll y
‘ELEVATION (M)-...%.,1402 - e :
.© 'DRAINAGE....... ;pn,;lmperfectly draTned ;ﬂ b
-~ SLOPE.& ASPECT......Level: .
.~ . CLASSIFICATION.~ ....Gleyed Brun1sol1c Gray Luv1501 o ' ',a'.~
.~jVEGETATION,.,1,;,..;There was a co-dominant stand of Pinus
A ; .. contorta. var latafolia and - Picea; sp.,

. with Alnus crispa as a shrub. The ground

- cover was sparse with Corhus canadensis;
e - Ledum groenlandlcum . and Epllobium
AT - - angustifolium. , -

..-'_-..._--_.._..-..-__‘..-....--..-__--..-.__....-___-_-.'._..,..-'...--_-v_.;..v_..;--

7" HORIZON” DEPTH. COLOUR - - TEXTURE. STRUCTURE - .~

v

R T :&gf_llz;_

. LFH

.LFH S "5-0 . ]
Ahe - - 0-6

"Ang“f

oL structureless.
. massive

YOYR"

. fine ‘to medium;
',subangu1ar blocky

__-__-_‘-_—-__.-..-—-;---——-_....'__.-_---..“-'—-—-—--_--- ------------

HORIZON- - pH- ORGANIC CEC BASE 7<¢PARTif“EySIZE*';

N “= C (%) (mmo] - Sat.

-—-_‘.._»--,'._----.’-,--_-__-__--_- ..s-,..---.-_e'_‘_-----------‘_- _______

. SOIL GHEMISTRY, |
.- ToraL . T ) RN S
HORIZON prﬁi;DIGEST (mg kg™ 1) NH40AC EXTRACT (mg kg )
oS L ce s a .

Ahe 800 6120 - 540 .. - 1450 | 740,

560 39100 480 © 1030 808 e

'vfIIABgJ *'“6;Q2 ﬂ 10YR‘5/3;(m)‘”f'f‘t - weak-to moderate._;%;”f ??

R : kg 1) (%1 SAND SILT CLAY T-
L 2.9 T o

LFH 2.0 R S

Ahe - .~ 3.3 - 1.50 _ . 220 7 29 a9 22

II1ABgj' 4.1 - 0.64 130 40 . 3248 28

o 36700 ‘ 19300 'f'1311o 120200 ,390 S

=y



-

R su;phur -

Block

. .
. . e
Sa . N

. Railroad .

.;f\n'.

i L - H 'l
T 1 ] ¥ L | BT v 1) L]

".‘.‘ : ,.

s
K3 .

[

Pl WRO S T
LIRS DS RIRET) i) MERLR SHN) ARD SN

" Boundary of Fores,

PR W |

' I S
Tt

S
-
=
-

— e — c— aata! '_.

| Plots .

— = —

INITIAL TREATMENTS (1980)

1) NIL covered *
2) Air Applied LIME (5600 kg ha“)

O Nltrogen

 Rs

Ty

T

_',m
nN

.|  '

ol T3

T

To(T3

‘Experiment #1..
e

© 3) Sulphur (2240 kg §° ha™!) - covered. * - .
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_ Append1x III1 The rates and dates of appl1cat1ons Of jimea,y'
s and sulphur for: the contro] 51te C1 v . L

w

' __:,‘;NIL-

CTREATMENT

CLIME

“SULPHUR

"1L1M51+ Sb f

CLIME

' ,LiME ; SO[_eJ,

© ZADDITION

CUNONE
. °FEEDGRADE =~

. LIMESTONE
~LIMESTONE "
- SULPHUR

- FEEDGRADE
LIMESTONE

. FEEDGRADE
 LIMESTONE-

]

AMOUNT,
kG HA” 1

8770 "

:fiiZQQO:

47700
2ds0

a0

- D

T oser
* NOv
Nov
NOV

©JUN

5.
a7
o

15
15

811- ¢
g1

LR

81'“”"

83
83



'-.dAppend1x III11 The rates and dates of app11cat1ons of llme |

L} ﬁ35;;

e anﬁ sulphur for the Strachan s1te (S1) EXper1ments # R and

e -

T aMOUNT,
_® TREATMENT ' _ADDITION =~ ~ KﬁmﬁA_l S ot

‘INiL;”gfy7°d".dCovsRED e L R
" LIME - ‘GLASS ROCK T I L
7 0 s LIME - AIR © 5600 . SEP 15 80 - -
"SU1PHUR:'.']T'}F1NE I N I
@ 0 (COVERED) - 2240 T SEP/OCT 80
 LIME + S GLASS ROCK. - oo
PRI ﬂ:'.;',LIME - AIR * ' . -5600. .. = " SEP 15 80 -
FINE CaC03 12080fﬂ°f © . SEP/OCT 80
FINE ) ?A” _'2240“1";' ;'SEﬁYDCT'80f”

. o

LIME  AND- ~ FEEDGRADE . T STy
-jLLME;+vs°,_R;, LIMESTONE. . 3750 "=AUG 28 . 82

LINE - AIR '7;?f5370f‘;;f47f\_NOV/DE* 82 . .

0 U LIME  AND o FEEDGRADE - T . Tt e
- LIME'+ SO LIMESTONE. . 4000-  ~~ = JUN 10 83 ~ .

COUIME T AND -
_LIME +.8© .  LIME-- AIR 11200 .. JUN/JUL 84 -




Append1x III111 -’ The : rates and dates of apphcat1ons Of#" R
Time and sulphur for the Ram Rwer s1te (52) Expemments #.

1. and # 2.

" TREATMENT

" ADDITION ?51

- NONE
" GROUND
“LIMESTONE . *

Gl

AMOUNT

K& HA 1

9170
2280

ST
_oate

. ocT/Nov.

~0cT/NoV

‘J; i8340ki ’P -

| v U LIMESTONE .- |
. '% .f } ;? . vSULpHUR  :‘;£  :2280uMJ:_

-~ ocT/NDV
-0cT/NOV 80

| tIME:-. 'ﬂ'“'”iFEEDGRADE;,ﬂ;,;] '  o
. . . LIMESTONE - ' 2820

FeebgRADE
o LNESTOE a0

- aUs2s 82

SRR . ‘Lb'I_‘ME‘. + g0 ‘ Ca T

"?LiME.;,'f{-”ﬁ o EEDGRADE L
U fLIMESTONE . 40005»¢‘~

CLIME's SO FEENGRADE
ST tdwesTone - i:f 40@0

,.»[JUNZ15_ 83 |

BRI B
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iv{Append1x IV’ ‘site  and

: @
3

:SITE

: ,sample descr1pt1ons From Rocky
-gMounta1n House and Fox Creek A]berta i i

E ]‘ j“ y .
4!‘ -. B .. ‘ v“ A

P
T G

'_,3ﬁ$1TEufgd’d"“

DESCRIPTION .j,a;~;_p;;:3?..m

~ ISAMPLE - T
GROUND TO ¢ 2 MM

'_Wh1 ecourt m1le post

1025, closed stand of

:ﬁ'~P1nus contorta. Oct 4/80v

5,7 Shallow organic layer, 8
“_cm\déep,111ttle grow1ng

Fox Creek 413’Km north

e-;and Picea glauca. Oct. .
- 4/80., Very thin moss

"v1ayer. organ1c layer.j_d'

'f_10 cm ‘deep -

‘nfRMH C ﬁ"",u~””'
. vRocKy Mountain House
»-between St1.& 52, Picea

~.glauca-and moss. Oct o

‘v_515/80 ‘Undecomposed
~organic -layer 15 cm:

;East of Strachan gas'.
:plant, near Nipher, -
”:Populus tremuloides,

7" Picea glauca and A]nus ‘

" orispa. Oct 15/80.
‘Decomposed organic’
-layer 8 cm deep

”Ui‘RMH 52
-plant, Populus tremu-

"mj1oides and Pinus :
‘contorta. Oct 15/80.

. Decomposed organic 1ayer

.7 cm. deep

i'dafki
- of plant, P1nus contor-ta_1

. frag

;ol1v brown 4/3 2 5Y B

‘olive 5/6 to yel]ow 8/6
- 5Y with many. moss ST o
‘ ffragments and a few ',T B %
_ ".needles : e

;_deep w1th green moss ;,f~'“

"*1‘fTRMH S1°.

“East of Ram R1ver gas R

-r " : I R S

'~greylshryellow brown 4/2
. 10Y/R -to brownisk black 3/1
- 10Y/R,
. few mo: s frhgments, yellow
-y~7/6 5Y

'w1th few needles and

rown 3/3 10Y/R to LT
ish black3/2 7.5Y/R ,
ew olive ye l}ow moss

nts: 6/4 5Y ...

brown
with -

-

D T R

- brown1sh blacK 3/2 1OYR o
and-3/2 2.5Y with . =« D

" yellowish brown: 6/8 10Y/R

- needle fragments e

e"‘. N .‘")9
'_‘ S ¢ .
g @: iy

O 1sh'bsown 5/8 1®YR e
= Many dead needles ™

S° covered leaf fragments

‘ : . . " < .

: r? ot ‘
B St T
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