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Sunmafy Iri!c rgc \crics slrnd\ of ,411 ts 1t!)dlettsis I). Don rnonorLrltLtr.s huvc bccn scl.ctcd
lronr rhe l'rnkhaseri ringc oi lhc Iirlimporu torcst division in thc l:rsn)fn lllrDrllyLls ( hcrrricrrl

1()i1 propcrti.s sLrlrh .s orgrnic ciifLxrn. totil nitnrgcn, (--rN Illio,,rvrrilible phospholus rrrd
crch.rngcablc cdtions (lla'r. K* rnd Na*) \\'cfc inill,\cd in 0ll r.Jibsc dilfclcnt rges ol p[rntiiion
str ds fLorn lhc sufl,rce to I m Llccp Irofilcs io lilld ouLlthc long lrl|n clfccl ol A. flal)alcnsis
on thc $il qLrrlity ol lhesc erosi(rn vulncrible sl(rtcs. / /

Orgrnic crrbo|l. it!eihble phost)]rofus and lotirl nitrogcn contcnt pcr hcctrfc irl.rclscd
wirh ini:rcxsi g plilnutio strnd rgc. ,\rulysis of vnr uct lor nutficnts showcll signiiictlnt
vuriaLlon in dcpth (totrl nitr oten. P < 0.0{l I : olg. ic i]rflron, /' .a 0.{)01 r i\,.il3l)lo phosphorrs,

1'j ..: 0.05; c\chrnitcrblc (ldrtr, P < 0.01;end crchrngerble Kr. 1< 0.01) .rnd b.1\tccrl phn
lrlion \Iilnds (orgrnlc rboo. l< 0.05; iurd lvailablc phost)hofus P< 0.05). IIigh vahre of
total nitrog0n contc t (34.971 lr.l r) Nirs oLJlrincd in 46 yr olcl sl.rnd. Soil pll is low lt in'
cfcr\ed dolvn lhc Llcplh end in oldcf phntrtions. Thcst stends \i,ith high i{)il torrl nitrogcn
rr)d ofgilnic carbon contcnt show incfcascrL ftltility ot th0 slirnds. lhc cortr o1,1. ,ali?1c,rs?J

in rocky, Landslidc and errsiorr prouc slopes of rlle lil:rslLrI uirnillayls. servcs lo protcct rrrd
irnprov'r soiL (lu.rliiy.

Intruductior.r

Alntts ncltdensis D. Don is a conlmon tlrc il boLIr rtalLrral antl
nranaged ecosystcms in tl're Central and the Basteln Iljnrirlayas. It is

planted as an associate species with Cryptomerio japonitu Don, Ci4r-
ressLts cushmeriata Royle.lJe tL!la alnL)ides l).a:|o. illitheliu cllontLtuta Lt 1

etc. antl in ntonocultLrrcs. lt is good ulusc trcc jtt Cincltorttt spp. and

;tnzttrtrunt sLtl)r.i0.tunt plur)trtions il thc Ilinralayln rcgion. ,,1. ncltalcn-
,rl,s is tbund to be l succcssfr.rl piouccl in flcsltly cxposcd soils irr lirrrd-
slicle affcctcd arcas, rocky arcl crorlecl slol)cs. ,4. ttcpolcnsit witl] ac-

tinorhizll loot nodulcs is al efficicr.rt biologicrl nitrogcr fixcr irl thc
Erstcrn Ilirnrlayasts. Actinorhizal spccies have bcen shown to inrflovc
soil nitlogcn status and act as piorreer species orl rlcnudcd haLritatst6.
'[he soil-imploving propertics of ot]rcr'-,1/,lls spccics arc wcll known.
Strrdics lravc shown thilt tlhuLs nthru Bolg. rnakcs l sigllillcant con-
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tribLLtion to ltftility ot forcstc(l sitcs in tllc C'lscltLc Range. tlsAt" '"
ilrld or'r sorre of 1he more tertile colstll soilsa.

Or tlrc closion prone slopcs ot the Ilimllayls th!'colrscr.1,,rtion o1'

soil nr.Ltri(:nts lgainst crosion is an impc)rtant task. Forcst l'rlantiltion
bl suitrble spccics is probrbly thc bcst wxy ol'control agairst crosion
of soii along rvith nutricnts. A. ttepalettsis, r iast gro\.ving tlcc wjtll
rrit|ogen fixing ciLprbility, is u gootl spccies lbr pliLutrtion. Nitfogcu.
being ersill, i.vrsherl clolvn lly torreirtirl failis lnd lhrough leaching,
can be introduced irlto the system by Alnus through biologicll nitrol,rclr
fixrticrrrls. 'lhus a seri!'s ol'fivc diflcrcnt agc's of ,4. nepalan.sis 1:l,lt-
trtion stlLrds wcrc scleclc(l 1o slrrtly clrt'urlclil soil propcrtics rrd nrttLrc
of thc clTcct of sta[(l lgc on l lorrg lunge basis (7 yl to 56-vr olcl plrn-
tlti1-)n strlt(ls).

l\'lrlerirls xfl d rlrethod\

I ivc dilLcrcnt !lllnds ir lhc lrNnkhlsrfj rrriqc of tbc Kirlifrpong lirfcsr {Livision irr thc hills
ol l)uIreling (hslern Ili||nhyr!) \rcrc sclr,:ted (ll'7 N.88'35 Iil. Ihc\u rlirnds rcfr{rscntcd
llronoiullulljs al A. ttcpalc|sis ol 7, 17. .10. 46 rnd 56 lerrs. Tht \clection ol tlresr !txnds
\\cfc florrc on Llrc bxris ol rvrihblc .rgc serics ol /1. tLpalcn:ii\ Ironocrlrurcs in .l()lc pro\irrity.
Agcs ot th.sc rldcr !tands \cr.: rccoLrlccl in \tarr(1 hjstory nririrlrilled by Wc\t llcngrl I orcst
l)cvclopnrcni (lorpolll1ion l:1rch ol thc siand wr! di!icl.d into slr plc. Lrulfcr, r]t.rsurcnrc t

rnd \rud] rfcLls".'lhc !tLrdics oI toils \verc dor. in tho nrflsurorncnt rfer. All rhc -\rr]]ds
$;cfc n'ilhin l0knr diydnfc. l|l.s() strndi lall bcwcen 16?{)rll ro 104{)rn rLlirude rbovc nl.s.l.
with r lcnr pcrirtc clinrLtc. Nornrrl :rnnurl prccipilution it I t)01) nrlrr ro .ll)lJ(l rnrn. )lcrn rn.r \jL LU ru

of ll..i'('. Ir'rn IriDimL!rrr or'15,1'(- rcrnl){jNtufcs fof thcgfowin! scilson lApril to Novcrrrbcf)
0nd nr.rn Inr\inrurn of 11.2'('. rrrcln rrinirnurn ol 6'(. lcrnl)cfillurcs for th0 winl(]r scllson
(lJ.cclrrbcr !o \lurchl wcrc rccordcd irr 1981 io 1981. lhe rcl(xjcd stinds o.lrLrpy slopi.!
toIo!.frph) (25' to 35' slop!). Soil\ in the study strnds \vr,rr srndy lorrn in tc\ture :rnd drfk
brolvn Io y('llo\ish brown i colour. SoiLs c\lribirod little dillercnces xrr(rng tlrnds. Ihe
fcologicil fornrrtion bclolr.r.d to DrrjcclidE (jnci\r con\islinr ol diilorent grir!les oL rnclr'

ln .'Il! I981, soll l)ils wclc c\..1(rrcd up to i dcpth of 1 r xt Iiv. rliilrrcDr rilollocultulc
sr,rnd{ (r1 71. r!rpa1.rr:il.r. Ihc fils rvore divjd.d into livc hofizons |l:r., (d) () l0.nr. rb) 20
40cnr. (c) ,10 60cnr, (d) 60 80crn x|ld (c) B{] 100crr. A bulk srrr|lc ol cxrh horiron wrs
txktn lronr cr.h pit, rir drir'd rnd used Jor clreIlricrl rrralysis. llulk d!n\ity sirI|rplei ol soil
vcfc obtrirrlxl tLorn xll Ihc Ii1s usi|t: bulk d.nsity tube rlr pLcr', ovcn drird (80'( f{rr 48llrs)
irnd r.ighed. lho c,rl.ulrrcd hulk d.nsily vllu.\ r'rlifc uscd 1|J convcft inxlyricrl drlr orr kil.r,
glliDr l]r LOns |cr llcctirrc DnsN.

AIL chcr)licLtl an.rlysc\ \!crc cxrricd oLri wiih lltc liI dfi(xl. \icvc(l (.a 2 rrinr sirc) \r lpkrs
Soil $,rL0r prsLc wrs preIrrred in I:1 pr)po ion l,rf IncilsL|crncnl ot l)ll by glilss 0lcrtrodc
pll n.Ilrf' Sorrr. ol tlLLi chcnriritl unrlyscs wcrc c.rLricd oLrL by tlre pr)codurcs o tlined by
Jrckson": Li) Nvri|lhlc phosl)hofLr\ LlilLrtc Lrcirl !r\trrered rnd csrinrxtcd by chlorostnnnous
rcduccd rnol) bdopho\phoric blrc colour mcthod, (ii) totrl nitfogcn b], lno.ljiicrl Kjcldxhl
rnethod rnd (iii) crchrrrgcable flrlciunr, potlssiunr xnd sixliunr e\irrrred by xllr]Ilonium .r,.ttLt!
soLution rlnd dctclorined by llxrr)c pholorreLer. Ihe orgrni. ctrrhon wlls dctcr jlrcd hy Wllklcy
Bhf k lirrLLtion rn.thod'''.

In trllcuhliorr ol kilogrLr s rir ton\ |cr hcct:lrc of tlrc vlrious nutrilrnls, !lLucs wcrc.ll-
(ruhicd \rplrrtely 1L)r erch horiTon lnd th(in nddc(l to obtilin (lirlir tor crch ltolilc.
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lrig. 2. Vrrialion in (a) Avrilablc phosphor s, (b) Ij\chrngerbLe cxlcurrn, (c) llxchangcrble
potassium and (d) 1:xchangcablc sodjrun oi diflerent plantations: (r) 7yr, (^) l7 yr. (c):l0yr,
(.r a6 v' InLl ro) 56 jr. Jril. r, nr ,1. pllr.

0 l0 cnr horizort of 3Oyr old plantalion stand. High average value
oi organic calboll 234 r))g g-r sr.ril in 0 30 crn hcuizon of 40 yr old recl

alder stantla is cort.tpurable 1o 2lJmg g t soil in 0 -20crr holizon
of 30yr okl A. ncpalt:nsis stand. The organic carbon contents of 60
l00cn clepths are alrnost consistent in all the stands. Strtistically,
varirtions of orgiulic carbon (t ha I horizon) between the soil depths
and tfre plantation slands are significant at 1' < 0.001 and 1'( 0.05
levels. respectively ( lable l). Olganic clrbon is contritruted to the soil
through litter and root cleconrposit ion. The flst growing naturc oi
A. nepalensi,s rvith rnaxirnum litter fall in rvintcr lnd higher ratc ot
dccomposition i11 the rrilly season continuously add organic carborr
to th!'soil (Shlmu anil Ambasht, unpubJished). In spite ot the slope
factor, surface runoff and removal of lell littcr for biolcltilizer pLlri)osc
b1, lhe local pcople, organic carbon content of the stands incleased
r.vith advancing plantation stancl age (Fig. l).

Total nitrogen and C;N ruti0
Total nitrogerl contcnt of t1. trcpalartsis t)ltu)trtion soillool is vcry
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Oftritnic
Avirilirhle ll)iLirr,rgcrL.lc lilch n!00 ble

pllosttrc,r us potrssiurn calciurrl

/ri i ' soiL p.'gg'soil |rlrs'ruil
S0iL dcIih

l'lunir tion
slir d

i.7 3,t

4.06'i'

5.61" : 4.I8,',

1.61""

99 I ),',. + 97.40r{+

4.67t' 2.9 3 "'

d.l. fol soil dcplh (1). phnlrti(nr \lr d 1,1) rLnd crfof (16) w.rc srm. li)t rrll iho chc icirl ftu-
pcr tics. n\ noi signifirrllt.
Signilicrnt.rL: (l.01 rnrl +rrl'<0001

Etrcah pttt.s oblic1ua I:ut'ul.t plu\ (lirt t t:'tt'tl [:ut'alyTtttts lrgrza,zs stattds

i;t ALrstlaliirr. 0 l00cm soil dcptlt. 1J.,1;l and 17.18 lh:r 1 tesptc
tively: rrcl 40 yL o1d .Alnus nrhra strLIrcl in Oicgott, LISAa, 0 90 r:nr

soil delrtlr. 18.7t ha t1. A. nL:lnlettsis stald showctL thc Irighcsl soil

totll rrit|ogcr valt-tc. nevc'rthcless thc P/lflls patulu illtrl ('r-\'ltt)tlterid
japolti(u stantls of the Hlstern Hittralal,as also sltowctl higlt valrLes.

Soil total ritrogcn contcnl ol tl rtrltra. stalld4 is halfofthc ',1. rtcTtulatt-

Jis stxnd wltcn cornpalcrl to 0 9t) cnt depths ttlthoLrglr botlr ol tltcln rlc
cfficienl bioiogical ttitrogcrt lixirtg itctinorltizals. Iliological ttitrogctr
fixation is not alTcct.d Lry tltc ittcrcasirtg l'eltility of the slauds".
Total nitrLlgcn colltcnt is irtctcasctl itt advattcing lge seties stattds

inespcclivc ol loss tltrouglt surlacc tttnoff.
Soils r.vith l very high C:N latio ltn'c low llct ratc of niineializatiott.

Thc rllios rnost fevourablc ior ntinetalization lics betrvcctt 10:l ancl

l0:11r. ln all tltr ltorizons ancl plantatiort stands of A. rteytalcnsis,

C:N lalios arc bctwccn l4:l and J6:1 (l'ig. 1c) indicrtitrg thc lnost
favoLrrablc rltios for nri[c'ra]ization. Faster rnincralization ol nitrogcn
is accorded lvith cnhiLnccd lt'achirtg".

i|,-aiktb lc plt osphorus
Available pJrosphorLrs changcd significantl,v l)etween the soil depth

(l' < 0.05) an.l plalrtrtion stantls (/' < 0.05). Availability of phcrs-

pironrs is highcst at 40 60cn holizon (Fig. 2a) ancl it increasecl in
thc stan(l soil+ool lvith plantatior agc (Fig. 3 ). N'llximun.r vltlue of
880.49kg ha I is recordccl in 46yr old stancL and is couparable to
855 kg lra 1 ol Eutrtl.vpttts oblitlua stand3.

L,xclnngeable cations (Ca+2 , K+ und Nu*)
Exchangrable calciunr (Ca*'?) increased down the depth in all the

pltntation stands (Fig. 2b). There is no significant trcnd of variaLion

frorn plantation to plantalion sllnd, although the variltion in cluantity
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Tircsc itltlcl stall(Ls sllow higlrcr values ol'soil iotrtl nilroilcll iln(l orglLnlc

.rrl)on with tltc ittctL:llsc iu plllltation stllll(l ilgc indicaiing incleltsccl

lcrtilit), strtLls of tltL: sojl. Illus. .'1. tu:palarnis pllntrliorts not only

nlikc signiticltnt colltril)ution t() tllc t.tilrogcrll ccol'lollly LrLlt rlso lm-

provc soil r[Lllity ltttcl ])lotcct the vtLLitcrablc slopcs rtgainst crosiolt wilh

IrLxLrliunt Ltnrlergt.otvtll itr tltt' lliritalryltn r!'gioll Br"rt tlre cl'fec1 o1 (i)

Ircir-lit1, on l)itsc sttttls ol' the stallds alld (ii) slope oll nutrient loss

throLrglr slrriacc rurloL'l'and leaching' llrc to l)c ruswctctl lly fultltcr
inVcs t igl trol)s.
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