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Abstract

The im_acS ef diffé &, me hedS of mechd ical Sie le d allo“ (MSP) & & f1é mdi ce & d felid ® {i 1.W of lah ed *116

{ce (5|cea glauca (Me€! ch) Vess) Seedlh g8 K amd ed a IX mi ed-Wed be cal e e 51 es (J § (6} eek Fo C eek)
fl T Albe {2 Cd ada. The ‘ea md S 1 clyded llfeey eS of MSP: diSc & ch,¢ 1 & leoyeh, d bladed,  he la & clﬂﬂ g
fi ¢ e ed g ec# Zf 3%1515 MSP did" e Sidq ol affec, Seedlft g S § | al, helghI ¢ {i"eedle Xlgh.l The e

Slg'lq cd . ¢ d of highe felid blo'naSS fé Seedlﬁ e MSP deas hd fé cd fel Seedll g5. Q €all, he im ac, ef

MSP d fohalﬁ {id Sa P heSeSies s 7 imal. The @] cdh Sis & #5ij eeffec of MSP & SeedIh g]“ Vi id s
1 & eaSed folid Mg cii 3 10% s blade hit SieS a Fo C ek I dica, 10‘E of 0551ble“ egaj eim acS of MSP 1 clyde:
T CeaSed Fe & d Al cdl cél ‘316\ Sfi MSP & eaS 4 be h SijeS;fedced Pl d K céh e ¢ alldl Sa bohslleS e{l d¢edjced M}
cd cdl l{ alid'l ddcd éi e. The®i ¢& fea 'ne“ had heﬁ~ eaes, 051& e effecl & folif " ¥ 16“ S (P, K, M
cd cd ¢ alu\ ). Bladﬁ g ( a‘ (el ] blade h‘% )‘eS {lled * (he lo cdcd ¢ allo'i S of folid P, K & d I\/D e;ﬁ d he geaes
f oeases 1 foli Fed d Al (® 1998 EISQ i€ Scidl ce B. V
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1. Introduction Do, of M heSiS dd f{fe goxlh (M< geliS & d

B‘af' d) 1990). The abll (@ de Se de é ds 1 d
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Allho {gh & im 0 @ | ®bjeci e of MSP has bed
(einiee " id % allablhy (@ . Jd ed Seedll g5,
MSP has bee“ a55001 ed “Eh'Se 'ne‘ egaj eim 2¢ s
] Slleﬁ {id felaid s fclydh g leachh g of calu\ s
aS afteS {ll of N CeaSed 1‘% callc'l (Vi o{sek dd
Malscﬂ 1985; Fe ¢ al, 1986 S'nelhfsl & d Nam-
bid, 1990; Vi e ek e, al., 1992; M{sd e al., 1993)
4 dfedycidS I g ailable P (Kaye & d Ramlal,
1987), N d C 1 S§face Seil’ (Ty,le € al., 1985;

M{ sd e al., 1993). MSP m effecl{ i im ‘V e
Seedlf gh i jid # heShé &m(Bfged dF‘llch—
&y 1988; M{' S S al., 1993) bi lhée iS alSe
Q, ideh ce f# " ega j eeffecS of MSP & folidf ! 4¢ich,

S8 of Seedl? ¢S heShe (B dah dJd as, 1988;
B dd, 1991) & 1& (Webe e al., 1985) & m.

O bé eal SijeS, <Ah celd SeilS, 1 g * &S dd
ceel af emn &a §es, atﬂ d Hees e01e5 de ada“ed
.@ . heSe cd! dll.%s CeS JT SeS QSlle ‘e a id mg

11 be 1eSS & amaic  hd hose obsE od fé m

Si, e aﬁd s ecieS M sd aﬁd Tl'ﬂ[ﬂe

1995) heelsc ¢ % ol & maid & lheeffecS
of diffef & 'nelhods MSP & Seedlft gt i~1 id
(he mi ed—Xod béeal f#eS ! Alb€ a, at egloﬁ
cftdl e e‘leh cﬁg‘a id % deaseS | hee &
of I d' de e agemé | fo‘c' Be fedyc 10'1 J o{
A‘Q, o ag (Sch'mdl e al, 1996), demd -

aled hal 5 md (hS afié MSP, feaed # eaS had
eihe ed jced & { chd ged ce cJﬂ N alld\ S of olal
& dmd €ali ableNd d ) ailable P S § face :nfl &al
Seils &l d ! CeaSed & { chd ged H d de chd ge-
able baSe cdl céﬁl ids. (his_a ¥, XdlSC{ss he
im aclS of d1ffe~é’ll me hedS ofT\/IEP & felid cdl -
cd ~311&52Bdcﬁ eﬂlsofN P, K, Ca, Mg, S, M , Fe
a&ad Al & 1d led *He S & yce (Picea glauca
(Med ch) Vesd) Seedlh g5.

2. Materials and methods
2.1. Site description

A s sies (4 Ceek: 54°24N,
115°40’W 1010111 elQ 3110'| le e: 20%, aS ec:
270° 4 d Fo Ceck: 54°15'N, 116°49'W, 973 m,
Sle_e: 6%, a5 ec: 3507) X lecaed !  he Whie-



SeedI! g5. The , 10 15 Seedlf g8 ¢ o55¢55ed ald g
each ef lX d | Secls ¢ bleck (& ¢ eall:ﬂe'i é
Sile) Al lhe dd ef AJ‘g{S 1993 helghl, i mf' al
leadé 1 gh, & d cali e‘ (dlame ¢) of he & mh al
leads ¢ 'neasfed fe 10 Seedlﬂ gs ald g each of
HKee & SecS e bleck ( e Ceamd ., €& Sie). Fé
(heSedaa, he, hﬁ dd, h1ck mic @3] eS (thf.' blade)
ehe d1S fl g{lshed

Feli& Sarn leS X‘ e collecled fem 1d ed Seed-
hgShq, ef eal mel S: diSc,t 1 & blade lh% blade-
hick, & d h, esled ce ¢ A ‘ol o MSP) Fé eachl ea -
md *hfl a bleck, Sam_leS X celleced ald! g

i aﬂ Sec,S c#es, Ji dh g ool 54 g Hich (he



ANOVA. Whe ¢ eaime’.\ (¢ A D Sacid N o] N g
ceamd Hssigg'ed 1o cdcd caid & cd\d



C eek (Table 2). Feliage of Seedlf g8 al J{ Ceek
had Sidiq cd i highe felid cel ce’i of P, K
& d Ca, cc’l e!il of N, P, K, Ca, Mg & dS(ﬂ olshox)
aﬂdlo% folid cdl cdl faidhs & dcéh & S of M

(Table 3) & d Al o, She<¥) heﬁ Seedlﬂ g% a Fe

Ceek.

Diffe & ceS 1 a"l {nbé€ ef Seil chemical ‘e elles

be, M {he | SijeS alSe S {ggeS, Fla J{d
O eek iS lhe mé e fe lile Sile (Sch;ﬂidl e al., 199
The fé eS a J{d Ceek had Slg“q, cah , highe‘
mil & ali a'BIeN He chdl geable baSeS, baSe Sa a fa-
1.“ dd olalcohce'l ‘allchsofK Ca, Mg,a{'dMl
haf' a Fo Ceek. The m? & al Seila 0 7cm,a Jy %I
G eek, had highé mft €ali able N ailable P
e chd geable baSeS & d baSe al{allﬁ - a Fe
Ceek.

Sidlg cd | S élexl ea mé 1 eaclm s ke fof d
fé folif cd ¢ alc'lsz{lch & Sef MgddM
(Table 1). A1 Fe C‘eek,lhen ~ea.lmél had 11l le
effec. @ Mg cd e faid & co'l &> “heeaS his
fea: rndll had :n{ch 1 ge effecs g Ceek
(Fig. 1). I Oc ebe 1993, hee S a Gad ¢ fé
felif Mg ce 6l faidhs, o be 1ok fe MSP™¢ i ea -

mée S aS cem aed-hecc'lwl Id Geekbil
be high& fé “MSP [ea mel 5 as cem, Fed o he
cd ‘el a Fe Ceek (Fig. 1) Feé M, .lhe
Slle><l eal:ne’l1 n, ea:}lo'l is au~ 1biable gh. d1ffé-
dceS 1 he effeCﬁ eSS of lhe f1 e‘ d blade

fea 'ndl a  he s1 eS (Table 3, F1g 2).

3.2. Seedling performance, foliar biomass and N, P,
K, Ca, Mg and S

Q €all Seedlfi S ial M >85% 1 all l“e -
rnéi Sdd hée el oSidiq cd effeclS of MSP
Seedhﬂ g S{V ial, ¢hhtg of lhe & mih al leadé
heigh, ## 1992 d d 1993, (he dla'nelé aﬁ d1 gh of
(he & mh al leade, & @ % eedle (TableS 1
a'J d 2). Rei{ e felid blo'naSS of SeedlfI g
MSP & eaS g €al]l highé (e ce , diSc & all
Sam_ lf\ gdaleS i€ 174l 19924 Fe Ceck) hd
fé co'l <ol SeedIf o8 by | e effec, s snall 2 d
t Slgﬁq' Cfﬂ (p= 007 TableS 1 &d 2). Thee i
lijle ! fé zxﬁu‘l o X hzmlS eai Seedl! g & oxlq
c'l mi ed-<ed SieS 1’I SEY béeal féeS,.
Seil jem &a fe, <4 & loggﬂ gt {fid g a11ab1hy ,



Table 3

ReS I of ‘leﬂ'l cdcem & i?o’ﬁ S follo— g Slgﬁ ificd | fea méh & Sie le éal.mi effec;S (Table 1). DaIE} & lhelxlsilfas e poled if.lhé e
o Sigh ificd | 1 acjid ST o] T g Sllejee Table 1). Thetd geis gj & <A 1o ‘le edcem & sas e Sigh ificd . Med! feli# (a)
cdl e l‘a.lid.? Sdd(b)cé 16.' S ¢ _‘lé ed “fie s‘ {ce SeedIh g5§, Sie, colleclid’ me J{ 1992, Jg‘ 1993 & d Oc,. 1993), 4 d MSP
feamd  (jalicste feSdh 1 dj id {al MSP fea md | Sig ificd l; iffé &, £ o hd ¢S ed-cdl fol

(2) Cé cd aidh (mgg")

Sile T ea.lmé? L p? K Fe Al
) ) Oc,. 93 ‘ ) Iy 92
1y 93 Oc,. *93 Iy 92 Oc,. ‘93
Beh ! cél fol 1.87 2.14° 5.87° 0.030° 0.038 0.018°
disc 1.86 1.98 5.69 0.042 0.042 0.028
i€ 1.78 1.97 5.38 0.047 0.070 0.037
blade- hick 1.77 1.90 5.42 0.064 0.055 0.041
blade- hi 1.68 1.74 5.27 0.150 0.093 0.106
M Mg
1y 93 Oc,. *93 Iy 92 1y 93 Oc,. *93
gt cd Col 0.20 0.34 0.76 ° 0.92 1.07 0.77 0.81 0.86 1.07
disc 0.39
Q& 0.57
blade- hick 0.59
blade- h 0.44
Fe cd Col 0.53 1.03° 0.83 0.73 0.92
disc 0.58 0.98 0.84 0.77 0.96
¢ 0.52 0.76 0.95 0.76 1.04
blade- hick 0.38 0.74 0.97 0.81 1.10
blade- ht 0.28 0.50 1.05 0.88 1.16

(b) Cé & S (mg Seed!f g~ ')

Sije T ealme',’ i Al
J% ‘92
Beh cé fol 0.07°
disc 0.11
G & 0.15
‘e
blade-lhick 0.20
blade—lhﬂ 0.55
M Fe
Jg ‘92 Jg, ‘93 OC[' ‘93 Jg ‘92 Jg, ‘93 OC[' ‘93
Ji(}, cdl t‘ ol 0.95 2.10 2.64 5.80 0.16° 0.19 0.40 1.22
disc 0.75 3.81 0.14 0.45
¢ i_“é 1.80 6.70 0.23 0.45
b]ade—lhick 1.16 5.45 0.31 0.24

blade-lhf.' 1.31 b0.030




climajic effecs, & d co‘nA‘gli.liﬂ de gd & al§ cel -



cét <ol Hile folit M cel cd (o Shdod & S ef
Seedlf g8 1 disc & d blade-hh #eas e Sigﬁq', -



#ecaSaScem Fed e cd ¢ ols HMile folif biemass & d
Ve, et @ Sheld Ne Sigq cd, diffé d ces
(Table 1, FigS. 3 & d 4). ThiS SqeeeSS ha Sy |
Hsn o S§h cidh o kee { *h{c%emé d lillo’ 1\%‘%
T{ 4 d Oc ebe 1993 he MSP-( ea ed Seedlf g5 had
lok folit cdlcd faids ddcd &S hd Seed-
IhgS N he cd ‘ol #eas by Similé feliF biemass
(Fig. 2). Thi® a, & iS hefg &Se of ha " & mall
he leed a8 1§ § ce S{indﬁ (Timme d°d
Slﬂ e, 1978) & d S{ﬁggests ‘ed{ced g ailabiliy of
M by 1h3 i, Mt & limih g B Ty & dOCebe
1993, cd cd ¢ aliof' s of%g fé Seedlh &S blade—lhﬁ
& eaS e highe ile feli¥ biemaSs $

{ chdl ged, 1 dicah g e%Sible 1§ {) cé S {m 4iﬁ.
(Fig. 1).

 Callija_ edS ha  hein ac, ef MSP o felid
Vi, Saf @ hese Sies M mf imal. The o]
cd SiS e eSij eecffec of MSP @ Seedll g |¢iid
Hs 1 ceaded foliF Mg 1 blade hft SieS a Fe
Ceek (Fig. 1). b J{;, dd Oclobe‘ 1993, lhe‘e ma
hy e bed 1§ § cdSyn  id of Mg. I dicaieh S of
oSible egaj’e im ac$ of MSP # cl{de: ed {ced P
f dKcd cd $aidh S(Figs. 3:hd4)a behSiesdd
Cedced Mt cdl ceh (aidh (Fig. 2)dh dee & . Ho
¢ e‘,lhe daHa de" o f dicale é), dg cid cieS oflhese



3.3. Comparison with results of soil chemical
property measurements

A cem # iSdl of Seil chemical Lo & ies ¢ heSe
Same Sd | 'Siles (Schmid, & al., 1996) f dicaled lha1
MSP eilhe‘ fed{ced & did'h tchdI elolalNEII dC,C/
N¢ aie 4 d mh €ali able N. Le C/N¢ alios aSSe-
cia ed *h MSP ¥ ¢ cdl Sid ed a SSijel e

. PR - ] LS
g Sie fe il shce lo& C/N Caies de ofle“.
associaled 1 f feaSed N ) ailabiliy . Ho*, &,



Yhihesis f fed St e Seedl g8 (McLa{ghl! e, al.,

991) - iS like h JTY 1992, Seedl? g5 1 he
blade- hﬂ dea ee e1 cl g h# mf{l céh ce!l‘a—
18‘ s ofAl (0.106 mg g



o¢ I hd e5 ed@ S. § hd, €5, ,ed) & eaS had highe
'ﬁe dd Al ccH allo“ s (Schmd & al., 1996),

~es 'nab asS ate {1‘k of cd amd 10'5  mh & al
Seil, allho {gh*h% ele dalaolW Fe aﬂ dAI'N mh &al
SeilS.

3.5. Comparison of MSP treatments
The,, & ie {8 MSP ¢ ea me S diffé ed f het

L b 8
d ce 3 folidf " i~1 i 5131 $ bel*eh 51165 dd Q¢
(ime. ThiS cdi be au ib ied @ diffef & ceS .lhe effec.1

of MSP ~ealméi S & Seil h Sical & d chemical

‘o é 165 ddd (he ime ¢ < & Se of | hese dd,

o d 1a1# L@ diffé & ceS 1 lhe . MSP ‘e rﬂé' s

xea 1eda[ each Si.e. The‘1 & eall rnelﬂ had he
.o, 1 i 1

ge&hl 051& e (bi Slg'l ) l) effect g l‘ ee
dd felid 1 ' 161ﬂ 3 - Seedlft g5 1
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