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mM+u jk[k ds mi;ksx }kjk fuEuhd`r@catj Hkwfe dk iqu#)kj

,u ds JhokLro] vkj lh f=kikBh] ,l ds Ökk] ,l ds Hkkjrh] vkj bZ ekLVks] oh , lsYoh ,oa ,l ds Bkdqj
  lh,lvkbZvkj&dsanzh; [kuu ,oa bZa/ku vuqla/kku laLFkku] fMxokMhg ifjlj] /kuckn 828 108 ¼>kj[k.M½

lkjka'k % gekjs ns'k esa 132 rki fo|qr la;a=kksa }kjk yxHkx 185 fefy;u Vu izfr o"kZ mM+u jk[k mRiUUk gks jgk gS rFkk mldk yxHkx 60» mi;ksx fofHkUUk
{ks=kksa esa fd;k tk jgk gS tcfd 'ks"k 40» jk[k dk mi;ksx ugha gks ik jgk gSA vr% o`gr iSekus ij vuqi;ksxh jk[k ds mi;ksx gsrq i;kZfgrS"kh ,oa l{ke
izkS|ksfxdh ds fodkl dh vfr vko';drk gSA mM+u jk[k esa fufgr HkkSfrd] jklk;fud ,oa vko';d iks"kd rRoksa ds lzksr rFkk blds iz;ksx }kjk
fuEudksfV@catj Hkwfe ds tSfod xq.kksa esa gks jgs lrr~ lq/kkj ds dkj.k mM+u jk[k dks ,d mi;ksxh lq/kkjd ds :i esa ekurs gq, VkVk LVhy] tkekMksck ds
dkyh esyk {ks=k] /kuckn esa yxHkx 8-4 ,dM+ ¼34000 oxZ eh-½ fuEuhd`r Hkwfe dks 4 ehVj dh xgjkbZ rd mM+u jk[k ¼,Q+ ch lh ,s'k½ }kjk Hkj dj ,oa
tSfod lq/kkjdksa tSls xkscj dh [kkn] dksdksihV] oehZ dEiksLV] tSfod ,oa jklk;fud moZjdksa ¼mi;qä vuqikr esa½] vkfn ds la'kks/ku }kjk o"kZ 2003&05 ds
nkSjku Hkwfe lq/kkj dk izn'kZu@iz;ksx fd;k x;kA bl la'kksf/kr {ks=k esa p;fur ,oa vuqdwfyr ikS/kksa dh iztkfr;ksa ¼okfudh] Qynkj rFkk rsy okys ikS/ks½ dk
jksi.k fd;k x;k rFkk muds HkkSfrd&jklk;fud ,oa tSfod y{k.kksa rFkk jksfir iztkfr;ksa dk fofHkUUk pj.kksa esa o`f) ,oa ck;kseSfVªd ekinaMksa dk v/;;u fd;k
x;kA izkIr ifj.kkeksa }kjk jk[k ls Hkjs fuEu Hkwfe ds HkkSfrd xq.kksa] lajpuk] LFkwy ?kuRo] ty /kkj.k {kerk] lja/kzrk] iks"kd rRoksa ds Lrj esa rFkk yxk, x,
ikS/kksa dh iztkfr;ksa ds fodkl] ck;kseSfVªd ekudksa ,oa 'kkjhfjd O;ogkj esa egRoiw.kZ lq/kkj ik;k x;kA o`{kkjksi.k ds Øfed pj.kksa esa fofHkUUk tSfod ekinaMksa
tSls ,DVksekbdksjkbt+k] ukbVªkstu fQfDlax cSDVhfj;k] QkWLQksjl lkyqfcykbftax cSDVhfj;k ,oa fMgkbMªksftust ,fDVfoVh esa lrr o`f) vafdr dh xbZA jk[k
ls Hkjs {ks=k esa yxk, x, fofHkUUk ikS/kksa dh vadqj.k {kerk] fodkl nj] izeq[k@ek/;fed ,oa lw{e iks"kd rRoksa ds Lrj lkekU; Hkwfe ij yxk, tkus okys ikS/kksa
dh rqyuk esa csgrj ik;s x,A bl izdkj fuEuhd`r@catj Hkwfe dks mM+u jk[k rFkk tSfod lq/kkjdksa ds mi;ksx ls LFkk;h :i ls okfudh@d`f"k ;ksX; cuk;k
tk ldrk gSA d`f"k ,oa okfudh vuqiz;ksxksa esa mM+u jk[k ds ykHknk;d mi;ksxksa dks LFkkuh; fdlkuksa@fuokfl;ksa ds chp le;&le; ij iznf'kZr fd;k x;kA
ftls ns'k ds vU; fuEuhd`r {ks=kksa esa Hkh viuk;k tk ldrk gSA
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Abstract

Considering huge generation of fly ash (185 million tons/annum) from 132 thermal power plants (TPPs) in the country and its insufficient

utilization (up to 60%), there is urgent  need for the development of an eco-friendly technology capable of utilizing it on bulk scale on

sustainable basis. Keeping view fly ash as a useful ameliorant that may improve the physical, chemical and biological properties of problematic

soils and as a source of plant nutrients (macro and micro), field demonstration trials were carried out on 8.4 acre of unutilized and undulating

low lying area at Kali Mela, Jamadoba, Dhanbad filled with Tata Steel's FBC ash (up to a depth of 4 m) to reclaim it using biological

amendments such as top soil layer (4 cm), cow dung manure, coco peat, vermi-compost, bio-fertilizer and NPK fertilizers (suitable proportions),

selection and plantation of adaptable plant species (forestry, fruit bearing and oil yielding) . The planted species were monitored in respect of

growth and biometric parameters at different growth stages followed by physicochemical and biological characterization of ash filled low land.

The obtained results evinced that among the physicochemical properties, textural composition, bulk density, water holding capacity, porosity,

and major/secondary and micro-nutrient levels of ash filled low land significantly improved with the progressive growth of planted species

apart from considerable improvement in growth/biometric parameters and physiological behavior of the planted species. The different

biological parameters (ectomycorrhiza, N-fixing bacteria, P-solubilizing bacteria, and dehydrogenase activity) were found to have increased at

successive stages of the plantation. The beneficial uses of fly ash in agro-forestry applications were popularized periodically among the local

farmers/inhabitants. As such the low lying area could be sustainably reclaimed using fly ash in bulk scale through biological means, which can

be further extended in the vicinity of other power plants in the country.
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izLrkouk
ns'k esa rki fo|qr la;a=kksa }kjk izfro"kZ yxHkx 550  fefy;u

Vu dks;ys dh [kir ls mRiUUk gks jgs 185 fefy;u Vu mM+u jk[k]
ftldk dsoy 60» mi;ksx fofHkUUk {ks=kksa tSls lM+dksa ,oa rVca/kksa
ds fuekZ.k] lhesaV mRiknu] [knkuksa dh HkjkbZ] d̀f"k ,oa okfudh] fuEu
ryh; Hkwfe ds iqu#)kj] b±V vkSj VkbYl cukus vkfn esa fd;k tk
jgk gS1A 'ks"k vuqi;qä jk[k ¼yxHkx 40»½ }kjk fofHkUUk i;kZoj.kh;
leL;k,a mRiUUk gksrh gSa tSls Hkwfe {kj.k] ok;q ,oa ty iznw"k.k vkfnA
lkFk gh lkFk mM+u jk[k ds HkaMkj.k ls d̀f"k ;ksX; Hkwfe dh deh rFkk
Hkkjh o"kkZ ds nkSjku mM+u jk[k fefJr ty ds vfrizokg ls vklikl
ds rkykc ,oa ufn;k¡ Hkh iznwf"kr gks jgh gSaA igys ls jk[k rkyksa esa
tek dh xbZ jk[k rFkk orZeku esa fujarj mRiUUk gksrs gq, jk[k dk
izca/ku ,d vkSj tfVy leL;k gSA vr% mM+u jk[k@rky jk[k ds
mfpr i;kZoj.k fgrS"kh rjhds ,oa ykHkdkjh mi;ksx ds fy, rRdky
lq/kkjkRed mik; dh egrh vko';drk gSA

tSlk fd 'kks/k }kjk izekf.kr gS fd jk[k esa ,sls lHkh rRo ik;s
tkrs gSa tks ikS/kksa ,oa d̀f"k Qlyksa ds fodkl ds fy, vko';d gksrs
gSaA blds }kjk iks"kd rRoksa dh {kfriwfrZ ,oa vEyh; feêh ds
mnklhuhdj.k ds ek/;e ls /kkrq vk;uksa dh fo"kkärk ls cpkrk
gS2]3]4A mM+u jk[k esa mifLFkr vko';d iks"kd rRoksa ¼QkWLQksjl]
iksVSf'k;e] lYQj] dSfY'k;e] eSXuhf'k;e] cksjkWu½ ,oa Vªsl /kkrqvksa ds
dkj.k fofHkUUk Qlyksa ds ck;ksekl vkSj iks"kd rRoksa dh fLFkfr esa
lq/kkj fd;k tk ldrk gS5]6A mM+u jk[k ds iz;ksx ls ikS/kksa ds
ck;ksekl rFkk muds iks"kd rRoksa esa mYys[kuh; o`f) ikbZ xbZ7A
mM+u jk[k dks lkekU; moZjd ds lkFk iz;ksx djus ls feêh ds HkkSfrd
xq.kksa ,oa lw{e iks"kd rRoksa esa lq/kkj ds lkFk Qlyksa dh mit Hkh
csgrj gksrh gS 8&9A mM+u jk[k ,d mi;ksxh la'kks/kd gS tks tSfod
[kkn ,oa ekbØksfc;y bukdqysaV~l ds lkFk leL;kxzLr feêh ds
HkkSfrd] jklk;fud ,oa tSfod xq.kksa esa lq/kkj djrk gS rFkk ikS/kksa ds
ck;ksekl mRiknu esa òf) djrk gS10A mM+u jk[k áwel ,oa ukbVªkstu
ls jfgr gS ftls dkcZfud la'kks/kuksa }kjk iwjk fd;k tk ldrk
gS11]12A mM+u jk[k ds ykHkizn xq.kksa ds mi;ksx ls Hkkjr esa fofHkUUk
d`f"k&tyok;q ifjfLFkfr;ksa esa vyx&vyx feêh&Qly&mM+u jk[k
[kqjkd la;kstu ds lkFk lQy izn'kZu fd;k x;k gS13&17A dsUnzh;
[kuu ,oa bZa/ku vuqla/kku laLFkku] /kuckn esa mM+u jk[k dks feêh
ds fofHkUUk izdkj rFkk d`f"k&tyok;q ifjfLFkfr;ksa esa d`f"k ,oa
okfudh ds {ks=k esa iz;ksx fd;k x;k rFkk ik;k x;k fd mM+u jk[k
dk mi;ksx d`f"k {ks=k esa pwuk ,tsaV] e`nk lq/kkjd] vko';d iks"kd
rRoksa ds lzksr ds :i esa rFkk vif'k"V@voØfer Hkwfe dks d̀f"k@okfudh
gsrq mitkÅ cukus esa fd;k tk ldrk gS18]15]16]17A tSfod la'kks/ku

tSls oehZ dEiksLV] áwfed ,flM rFkk ck;ksQfVZykbt+j] vkfn dks
jk[krky ,oa voØfer Hkwfe dh tSfod xfrfof/k rFkk moZjrk fLFkfr
esa lq/kkj ds fy, mi;ksx fd;k tk ldrk gSA jk[krky ,oa dksy
vksoj cMsZu Mai dks mM+ujk[k rFkk vU; la'kks/kuksa ds lkFk vkS"k/kh;
,oa cgqmís'kh; ikS/kksa dh iztkfr;ksa ds jksi.k ds ek/;e ls mudk
lQyrkiwoZd iqu#)kj fd;k x;k gS19]20A ykHkizn thok.kqvksa rFkk
vuqdwfyr ikS/kksa dh iztkfr;ksa }kjk jk[krkyksa] ,s'kMkbd vkfn dks
i;kZoj.k fgrS"kh rjhds ls mi;ksx dj mM+u jk[k dk vkWu&lkbV
izca/ku fd;k tk ldrk gSA bl izdkj ò{kkjksi.k ds ek/;e ls mM+u
jk[k dk lQyrkiwoZd fuiVku rFkk mldk d`f"k {ks=k ,oa
voØfer@fuEuhd̀r@vif'k"V Hkwfe ds lq/kkj gsrq ykHkdkjh mi;ksx
fd;k tk ldrk gSA

lkexzh ,oa fof/k
dk;Z&LFky dk fooj.k % xgu losZ{k.k ds ckn VkVk LVhy] tkekMksck
ds dkyh esyk {ks=k] /kuckn esa ,d fuEuhd`r Hkwfe ftldk {ks=kQy
8-4 ,dM+ ¼33]600 oxZ ehVj½ ,oa xgjkbZ 3&4 ehVj rFkk tks iwjh
rjg ls vuqi;ksxh ,oa vlery Fkk] pquko fd;k x;kA p;fur {ks=k
esa VkVk LVhy] tkekMksck }kjk fuxZr ,Q+ ch lh ¼¶ywM+kbTM csM
dEcLpu½ jk[k ls Hkjk x;k rFkk cqyMkstj ,oa gkFk ls mfpr
ysofyax rFkk i'kqvksa ds izos'k dks jksdus ds fy, dkaVsnkj rkj ds lkFk
pkjksa rjQ ls ckM+ yxk fn;k x;kA p;fur jk[k ls Hkjs {ks=k ds
fofHkUUk fcanqvksa ls ,Q+ ch lh jk[k ds uewus ,d=k fd, x, ,oa
muds fofHkUUk HkkSfrd&jklk;fud xq.kksa dk v/;;u fd;k x;kA
iz;ksxkRed {ks=k esa dqy 5400 xïs ¼60×60×60 ?ku lseh-½ 2 ehVj
dh nwjh ij [kksns x, rFkk mlesa feêh tfur jksxk.kqvksa dks u"V djus
gsrq dhVuk'kd ¼QksjVsDl @ 25 xzke@xïs½] vPNh feêh+xkscj dh
[kkn ¼2%1 ds vuqikr esa½] dksdksihV ¼250 xzke@xïs½] oehZ dEiksLV
¼250 xzke@xïs½ tSo moZjd rFkk ,u ih ds moZjdksa ¼mfpr vuqikr½
esa feyk;k x;k ftlls [kksns x, xïksa dh moZjrk leku cuh jgsA
okf.kfT;d miyC/krk ds vk/kkj ij ns'kh ikS/kksa dh iztkfr;ksa ftlesa
Qynkj] lkekftd okfudh ,oa rsy mRiUUk djus okys ikS/ks 'kkfey
Fks] dk p;u dj mudk jksi.k fd;k x;kA yxk, x, iztkfr;ksa dk
eksQksZesfVªd] la'ys"kd ,oa 'kkjhfjdh dk le;&le; ij v/;;u
fd;k x;kA

fo'ys"k.k dhs fof/k
,Q+chlh jk[k ds HkkSfrd xq.kksa tSls ;kaf=kd lajpuk] LFkwy ?kuRo]

lja/kzrk] ty fu/kkZj.k {kerk rFkk jklk;fud xq.kksa tSls ih,p] fo|qr
pkydrk (EC)] dqy ,oa miyC/k izeq[k ,oa ek/;fed iks"kd rRoksa
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¼ukbVªkstu] QkWLQksjl] iksVSf'k;e] lYQj] dSfY'k;e] eSXuhf'k;e½ dk
fu/kkZj.k ekud rjhdksa ls fd;k x;k21&24A ,Q+chlh jk[k ds uewuksa
dks fo'ys"k.kkRed ekbØksoso esa MkbtsLV dj dqy lw{e iks"kd rRoksa
¼dkWij] ft+ad] eSaxuht ,oa vk;ju½ rFkk Vªsl ,oa Hkkjh /kkrqvksa ¼ysM]
fudsy] dksckYV] dSMfe;e vkfn½ dk fo'ys"k.k fd;k x;kA
miyC/k Vªsl vkSj Hkkjh /kkrqvksa dk fu/kkZj.k MhVhih, ¼Mkb,fFkyhu
Vªkbvehu isaVk,lhVsV½ ,DlVªSDV ds lkFk fu/kkZfjr fof/k ls fd;k
x;k24A ò{kkjksi.k ds igys rFkk ckn esa fofHkUUk tSfod ekinaMksa tSls
,DVksekbdksjkbt+k] ukbVªkstu fQfDlax cSDVhfj;k] QkWLQksjl
lkyqfcykbftax cSDVhfj;k ,oa fMgkbMªksftust ,fDVfoVh dk fu/kkZfjr
fof/k ls v/;;u fd;k x;k25]26A

yxk, x, iztkfr;ksa dk eksQksZesfVªd ¼'kk[kkvksa dh ÅapkbZ] ifjf/k
,oa la[;k½ ,oa 'kkjhfjd ekinaM ¼i=kd {ks=kQy] izdk'k la'ys"k.k ,oa
ok"iksRltZu dh nj vkfn½ dk fofHkUUk midj.kksa ¼iksVsZcy i=kd
{ks=kQy ehVj] iksVsZcy izdk'k la'ys"k.k ra=k½ }kjk le;&le; ij
v/;;u fd;k x;kA

ifj.kke ,oa foospuk
jk[k ls Hkjs {ks=k ds HkkSfrd&jklk;fud ,oa tSfod xq.k % jk[k ls Hkjs
{ks=k dh ;kaf=kd jpukvksa esa lSaM] flYV rFkk Dys dk izfr'kr ò{kkjksi.k
ds igys Øe'k% 74-9] 20-4 vkSj 4-7» Fkk tks o`{kkjksi.k ds 3 o"kZ
ckn Øe'k% 68-5] 25-2 ,oa 6-3» gks x;kA bl izdkj lSaM esa
8-5» dh deh rFkk flYV ,oa Dys esa Øe'k% 11-02 rFkk
16-7» dh o`f) ik;h xbZ ¼lkj.kh 1½A bldk ,d dkj.k fofHkUUk
la'kks/kuksa ,oa mifLFkr tyok;q dkjdksa ds lkFk jksih x;h iztkfr;ka
gSa tks Øfed vi?kVu ds }kjk ,Q+chlh jk[k dks vkSj eghu cuk jgk
gSA blh izdkj LFkwy ?kuRo rFkk d.k ?kuRo ò{kkjksi.k ls igys Øe'k%
0-987 xzke@?ku lseh- ,oa 2-0 xzke@?ku lseh- tks o`{kkjksi.k ds
3 o"kZ ckn Øe'k% 1-05 xzke@?ku lseh- ,oa 2-33 xzke@?ku lseh-
gks x;kA blds foijhr jk[k ls Hkjs fuEuhd`r Hkwfe esa lja/kzrk
¼50-6 ls 46-6»½ ,oa ty /kkj.k {kerk ¼78-8 ls 62-9»½ esa deh
ns[kh x;hA bu rF;ksa ls ;g izrhr gksrk gS fd p;fur lq/kkjdksa ds
lkFk ;qfXer ikS/kksa dh iztkfr;ka ,Q+chlh jk[k dh moZjrk esa òf) rFkk
ikS/kksa ds lexz fodkl gsrq vuqdwy ifjfLFkfr;k¡ mRiUUk dj jgk gS27A

fo|qr pkydrk dk eku tks o`{kkjksi.k ls igys 0-003 Mslh
lhesal@eh- Fkk og o`{kkjksi.k ds 3 o"kZ ckn 0-040 Mslh lhesal@eh-
gks x;k tks laHkor% ,Q+chlh jk[k ds vdkcZfud ?kVd ds mPp
?kqyu'khyrk ds dkj.k gks ldrk gS D;ksafd ;g xSj&gkfudkjd gh
ugha cfYd ikS/kksa dh o`f) ds fy, vuqdwy gS28A blds vfrfjDr
,Q+chlh jk[k ds vi{k; ds nkSjku ?kqyu'khy yo.kksa dh yhfpax ls

fo|qr pkydrk dk de gksuk laHko gSA ih,p LFkyh; i;kZoj.k dh
ikfjfLFkfrdh dk ,d egRoiw.kZ lwpdkad gSA ih,p dk eku tks
o`{kkjksi.k ls igys 8-09 Fkk og o`{kkjksi.k ds ckn 7-86 ntZ fd;k
x;k tks ml jk[k ;qä feêh dh izfrfØ;k esa ih,p ds cnyko ds
ladsr gSaA ;g 'kk;n feyk;s x, la'kks/kuksa] vi?kfVr ?kkl&Qwl rFkk
H+ vk;u ds tM+ fofue; ds dkj.k gks ldrk gS tks ,Q+chlh  jk[k
esa miyC/k iks"kd rRoksa dk ikS/kksa }kjk vf/kd ek=kk esa vo'kksf"kr
djrk gS rFkk mldh izfrjks/kd {kerk esa o`f) Hkh djrk gS29A ikS/kksa
dh tM+sa feêh ds vanj dkcZu MkbvkWDlkbM dh lkanzrk dks c<+krs gSa
tks ikuh esa fo?kfVr gksdj detksj dkcksZfud ,flM iSnk djrk gSA
blds vykok lrg ij fxjs gq, dwM+s&djdV ds vi?kVu ls Hkh
fofHkUUk dkcZfud vEy iSnk gksrs gSa tks feêh dh ih,p dks de
djus esa enn djrs gSa30A o`{kkjksi.k ds i'Pkkr~ dkcZfud dkcZu dh
izfr'krrk esa Hkh o`f) ik;h x;h ftldk laHkkfor dkj.k lrg ij
vi?kfVr dwM+s&djdV ds lap; ds lkFk ekbØksfc;y ck;ksekl esa
gksus okyh o`f) gks ldrh gS31A dkcZfud inkFkZ e`nk lajpuk esa
ifjorZu ds ek/;e ls  HkkSfrd y{k.kksa ,oa iks"kd rRoksa dh fLFkfr
esa lq/kkj ds vykok lrg fLFkjrk] okru] ty izos'k vkfn dks csgrj
cukrk gSA

miyC/k izeq[k@ek/;fed] lw{e iks"kd rRo ,oa Vªsl@Hkkjh /kkrq %
ò{kkjksi.k ds ckn miyC/k izeq[k rRoksa dh lkanzrk esa Øe'k% òf) dh
izo`fÙk ns[kh xbZA ftlesa ukbVªkstu chMh,y ls 0-045»] QkWLQksjl
16-1 ls 18-5 ihih,e] iksVSf'k;e 62-0 ls 64-1 ihih,e ik;k x;k
tcfd ek/;fed iks"kd rRoksa esa deh ik;h x;h tSls lYQj
44-3&42-1 ihih,e] dSfY'k;e 26-2&24-1 ihih,e] eSXuhf'k;e
14-6&11-3 ihih,e ¼lkj.kh 1½A gkykafd izkjaHk esa mM+u jk[k esa
vko';d lw{e thou ;k ukbVªkstu ugha Fkk ijarq o`{kkjksi.k ds ckn
;g izkd̀frd vi?kVu] tSfod vkØe.k ,oa fujkbZ&xq.kkbZ ds QyLo:i
blds xq.koÙkk esa Øe'k% lq/kkj ik;k x;kA izeq[k ,oa ek/;fed
iks"kd rRoksa esa gks jgs Øfed lq/kkj ls irk pyrk gS fd Qyhnkj
ikS/kksa lfgr fofHkUUk iztkfr;ksa ds ikS/kksa ds jksi.k ls tM+ fiaM  ds
ek/;e ls ok;qeaMyh; ukbVªkstu dh fQfDlax }kjk jk[k Hkjs fuEu
{ks=k dh moZjrk fLFkfr esa i;kZIr lq/kkj gqvk gSA vU; oSKkfudksa }kjk
Hkh dks;ys dh jk[k dks vU; la'kks/kuksa ds lkFk feêh esa iz;ksx djus
ij lkFkZd izHkko ns[kk x;k gS32 fd dks;ys dh jk[k dks lhost+ ty
rFkk vU; la'kks/kuksa ¼pwus vkSj ftIle½ ds lkFk mi;ksx djus ls
ih,p] tSfod dkcZu] fo|qr pkydrk ,oa ukbVªkstu] QkWLQksjl rFkk
iksVSf'k;e esa lq/kkj gqvkA blh izdkj ò{kkjksi.k ls lw{e iks"kd rRoksa
¼dkWij] ft+ad] eSaxuht] ,oa vk;ju½ dh lkanzrk esa Hkh òf) dh izòfÙk
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ik;h x;h ftlls Li"V gksrk gS fd lw{e iks"kd rRo i;kZIr ek=kk
esa miyC/k gSa rFkk mudh vko';drkuqlkj vkiwfrZ isjsaV eSVhfj;y
rFkk dwM+s&djdV ds Øfed vi?kVu ,oa ekbØksfc;y xfrfof/k ds
QyLo:i izkIr gksrk gS33A

jk[k esa miyC/k Vªsl ,oa Hkkjh /kkrqvksa tSls ysM] fudsy] dksckYV]
dSMfe;e] Øksfe;e] vklsZfud ,oa ejdjh vkfn ;k rks ugha ds
cjkcj Fks vFkok Lohdk;Z lhek ds Hkhrj ik, x,A

tSfod xfrfof/k % jk[k ls Hkjs {ks=k dh tSfod xfrfof/k 'kq: esa
yxHkx ux.; Fkh] ysfdu bles vU; la'kks/kuksa ds lkFk&lkFk
ò{kkjksi.k ds Øfed fodkl }kjk dkQh lq/kkj ik;k x;k ¼lkj.kh 1½A
o`{kkjksi.k ds 3 o"kZ ds i'Pkkr~ izfr xzke jk[k fefJr Hkwfe esa
,DVksekbdksjkbt+k 15-0 LikslZ] ukbVªkstu fQfDlax cSDVhfj;k 12-0
dkWyksuh Q+ksfeZax ;wfuV ¼lh,Q;w × 104½( QkWLQksjl lkyqfcykbftax
cSDVhfj;k 5-0 dkWyksuh Q+ksfeZax ;wfuV ¼lh,Q;w × 104½ rd dh
o`f) gqbZA oSe dod dh izeq[k Hkwfedk tM+ iz.kkyh ds lrgh
vo'kks"k.k esa òf) }kjk mM+u jk[k ls ikS/kksa esa eq[; ,oa lw{e iks"kd
rRoksa dh xzká {kerk esa o`f) djrk gS] ifj.kkeLo:i oSe  dod
}kjk ikS/kksa dks csgrj iks"k.k izkIr gksrk gS33]34A ukbVªkstu fQfDlax
iztkfr;k¡ iks"kd rRoksa ls Hkjiwj dwM+s&djdV ds vi?kVu ,oa eghu
tM+ksa rFkk uksMqYl ds }kjk feêh dh moZjrk ij ,d mYys[kuh; izHkko
Mkyrh gSa35A QkWLQksjl lkyqfcykbftax cSDVhfj;k esa lrr òf) bl
ckr dk |ksrd gS fd QkWLQsV dk mRiknu djus okys ekbØksCl dh
la[;k rFkk mudh xfrfof/k dks oSe laØe.k ls c<+k;k tk ldrk
gS36A ;s thok.kq ikS/kksa dh o`f) ds fy, mi;qä gkeksZu dk mRiknu
djrs gSa37 rFkk tM+ksa dh laj{k.k n{krk ,oa vo'kks"k.k {kerk esa o`f)
djrs gaS38A blh rjg fMgkbMªkstust xfrfof/k tks vkjaHk esa
0-0 fexzk-@fdxzk-@?kaVk Fkh og o`{kkjksi.k ds ckn Øfed o`f) ds
QyLo:i 0-014 fexzk-@fdxzk-@?kaVk rd igqap x;h ¼lkj.kh 1½A
;g jk[k ls Hkjs {ks=k dh tSfod xfrfof/k ,oa miyC/k ueh esa lq/kkj
dh vksj bafxr djrk gS tks feyk;s x, fofHkUUk la'kks/kuksa rFkk
vuqdwy ifjfLFkfr;ksa ds la;qä izHkko ds dkj.k gqvk gS39A bl izdkj
mi;qZä lq/kkjdksa ds iz;ksx ls fo|eku i;kZoj.k esa vuqdwfyr ikS/kksa
dh iztkfr;ksa dh LFkkiuk dh tk ldrh gS40A fo'ks"k :i ls ;g ns[kk
x;k gS fd la'kksf/kr mM+u jk[k dqN o"kks± ckn gfj;kyh ds {ks=k esa
dHkh&dHkh LFkkuh; feêh ls Hkh csgrj gks tkrh gSA

ekQksZeSfVªd ijh{k.k % yxkbZ xbZ iztkfr;ksa tSls iihrk] ve:n]
vk¡oyk] tkequ] egksxuh] f'kfjl] uhe] 'kh'ke] xagkj] dStqfjuk] Vhd]
djat] dsyk] vke] tSVªksQk] ehBh uhe] cksry cz'k] cksxsufofy;k]

vkfn LoLFk ,oa vPNh fLFkfr esa ik;s x, rFkk mudk izfr'kr
thforka'k 65&97» ik;k x;kA gkykafd vU; iztkfr;k¡ ¼'kjhQk]
pesyh] yhph] ØksVu] paik] pkbuk ike] dktw vkfn½ ds thfor jgus
dh nj 30&50» ds Hkhrj ik;h xbZ tcfd dsys vkSj vke ¼fV'kw
dYpj fdLe½ dk thforka'k jsat 50&73» FkkA iztkfr;ksa dk de
thforka'k nj okrkoj.k dh vuqi;qä ifjfLFkfr;ksa ds lkFk&lkFk
vko';d iks"kd rRoksa dh vuqiyC/krk ds dkj.k gks ldrk gSA

o`{kkjksi.k ds 3 o"kZ ckn izeq[k ikS/kksa dh iztkfr;ksa dh ÅapkbZ
Øe'k% 'kh'ke ¼0-45&3-45 ehVj½] dStqfjuk ¼0-50&3-25 ehVj½]
f'kfjl ¼0-45&3-12 ehVj½] djat ¼0-30&3-10 ehVj½] Vhd
¼0-35&2-85 ehVj½] egk sxuh ¼0-50&2-78 ehVj½] vke
¼0-65&2-76 ehVj½] ve:n ¼0-52&2-65 ehVj½ vkfn ik;h xbZA
blh izdkj dh o`f) vU; iztkfr;ksa esa Hkh ntZ dh xbZ ¼lkj.kh
lfEefyr ugha½ A ikS/kksa dh eksVkbZ ¼color diameter) esa Hkh Øfed
o`f) ns[kh xbZ tSls ccwy esa 3-1&18-0 lseh-] dStqfjuk ¼3-0&17-5
lseh-½] 'kh'ke ¼3-8&15-7 lseh-½] f'kfjl ¼2-8&15-2 lseh-½] djat
¼3-5&14-5 lseh-½] ve:n ¼3-2&13-6 lseh-½] egksxuh ¼3-2&13-1
lseh-½] cksxufofy;k ¼3-6&8-4 lseh-½ ds fy, yxk, xbZ iztkfr;ksa
ds fofHkUUk ekWQksZeSfVªd ekudksa esa o`f) eq[; :i ls ouLifr;ksa dk
Øfed fodkl] dkcZfud rFkk vdkcZfud la'kks/kuksa ls dwM+s&djdV
¼litter) ds vi?kVu ds ifj.kkeLo:i jk[k ls Hkjs {ks=k esa iks"kd rRoksa
dh ?kqyu'khyrk esa o`f) ,oa lfØ; ekbØksfc;y xfrfof/k ls
moZjrk fLFkfr esa Øfed lq/kkj ds dkj.k laHko gqvk gSA

izdk'k la'ys"k.k % izHkqRo iztkfr;ksa ds ikS/kksa ds izdk'k la'ys"k.k dh
nj lkj.kh 2 esa n'kkZ;h x;h gSA jk[k ls Hkjs {ks=k esa yxk, x, fofHkUUk
iztkfr;ksa ds ikS/kksa dh izdk'k la'ys"k.k nj muds }kjk xzká dkcZu
MkbvkWDlkbM dh ek=kk ij fuHkZj djrh gSA ;g eq[; :i ls ikS/kksa
esa fufgr {kerk ds }kjk lapkfyr gksrh gS tks ogk¡ dh ifjfLFkfr ,oa
tyok;q esa fodflr djus ds fy, mi;qä cukrh gSA yxk;h x;h
iztkfr;ksa esa izdk'k la'ys"k.k dh nj ò{kkjksi.k ds Øfed fodkl ds
nkSjku mÙkjksÙkj òf) ik;h xbZA mnkgj.kkFkZ 'kh'ke esa izdk'k la'ys"k.k
dh nj lcls vf/kd ¼4-70&12-56 \µmol/m2/sec½ ik;h xbZ
tcfd tkequ] vke] f'kfjl] uhe ,oa djat esa Øe'k% 3-86&11-23]
6-93&10-56] 4-03&10-43] 3-66&10-33 rFkk 2-70&9-50 µmol/

m2/sec jgkA bl izdkj yxk, x, o`{kkjksi.k ds 3 lky ckn
iztkfr;ksa esa 2&3 xquk o`f) ns[kh gqbZA izdk'k la'ys"k.k dh nj Qyh
iztkfr;ksa esa xSj Qyh iztkfr;ksa dh rqyuk esa vf/kd ik;h xbZA

i.kZ {ks=kQy % i.kZ {ks=kQy ikS/kksa dh o`f) ,oa ok"iksRltZu esa
egRoiw.kZ Hkwfedk fuHkkrk gSA ¼yhFk ,V vy] 1986( cwVs ,V vy]
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lkj.kh 1 — ,Q+chlh jk[k ls Hkjs fuEuhÑr Hkwfe ds HkkSfrd] jklk;fud ,oa tSfod xq.k

ekud o`{kkjksi.k ls igys o`{kkjksi.k ds ckn
izFke o"kZ f}rh; o"k r`rh; o"kZ

xq.k (%) 74.9 71.9 70.8 68.5

flYV (%) 20.4 22.7 23.8 25.2

Dys (%) 4.7 5.4  5.4 6.3

LFkwy ?kuRo  (g/cc) 0.987 1.02 1.04 1.05

d.k ?kuRo (g/cc) 2.00 2.16 2.31 2.33

lja/kzrk  (%) 50.65 48.92 47.04 46.60

ty /kkj.k {kerk (%) 70.86 67.59 64.21 62.90

fo|qr pkydrk  (dS/m) 0.003 0.007 0.01 0.04

ih,p 8.09 8.02 7.89 7.86

dkcZfud dkcZu  (%) 0.335 0.345 0.351 0.367

miyC/k izeq[k ,oa ek/;fed iks"kd rRomiyC/k izeq[k ,oa ek/;fed iks"kd rRomiyC/k izeq[k ,oa ek/;fed iks"kd rRomiyC/k izeq[k ,oa ek/;fed iks"kd rRomiyC/k izeq[k ,oa ek/;fed iks"kd rRo

ukbVªkstu  (%) ND 0.0038 0.0041 0.045

QkWLQksjl (ppm) 16.12 16.92 17.25 18.51

iksVSf'k;e  (ppm) 62.0 63.5 64.3 64.9

lYQj (ppm) 44.30 43.6 42.4 42.1

dSfY'k;e  (ppm) 26.20 25.67 24.31 24.14

eSXuhf'k;e  (ppm) 14.64 13.58 12.08 11.29

miyC/k lw{e iks"kd rRo ,oa Vª sl@Hkkjh /kkrqmiyC/k lw{e iks"kd rRo ,oa Vª sl@Hkkjh /kkrqmiyC/k lw{e iks"kd rRo ,oa Vª sl@Hkkjh /kkrqmiyC/k lw{e iks"kd rRo ,oa Vª sl@Hkkjh /kkrqmiyC/k lw{e iks"kd rRo ,oa Vª sl@Hkkjh /kkrq

dkWij 0.26 0.27 0.28 0.28

ftad 0.38 0.36 0.35 0.34

eSxuht 0.70 0.73 0.74 0.76

vk;ju 9.12 9.51 9.82 9.95

Øksfe;e 0.51 0.46 0.32 0.30

dksckYV 0.12 0.08 BDL BDL

ysM BDL BDL BDL BDL

dSMfe;e 0.04 BDL BDL BDL

fudsy 0.16 0.14 0.12 0.13

ikjk BDL BDL BDL BDL

vklsZfud 5.6 4.8 4.5 4.3

lsfyfu;e 2.7 3.6 3.7 3.9

eksfyCMsue 3.3 3.6 3.8 4.1

tSfod xq.k

,DVksekbdksjkbtk ¼Liksj@xzke½ - 4 9 15

ukbVªkstu fQfDlax cSDVhfj;k

¼;wfuV × 104xzke½ - 2 6 12

QkWLQksjl lksyqfcykbfta+x - 1 3 5

cSDVhfj;k  ¼;wfuV × 104xzke½

VksVy cSDVhfj;y dkmaV ¼;wfuV × 104xzke½ - 4 10 19

fMgkbMªksftust+ ,fDVfoVh ¼fexzk@fdxzk@?kaVk½ - 0.003 0.009 0.014
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1988( guksd ,oa gMZ] 1979½A blds }kjk i.kZ N=kd (canopy)

esa ÅtkZ LFkkukarj.k rFkk 'kq"d inkFkZ lap; dh izfØ;k lEiUUk gksrh
gSA lkj.kh 3 ls ;g Kkr gqvk fd yxk;h x;h iztkfr;ksa dk i.kZ
{ks=kQy dk jsat 3 lky ds ckn dsys esa 2]145 ls 3]825 lseh2]  Vhd
esa 1]223 ls 1]513 lseh2]  iihrk esa 334 ls 486 lseh2] tSVªksQk

esa 142 ls 187 lseh2] egksxuh esa 57-7 ls 63-8 lseh2] vke esa
57-4 ls 73-7 lseh2] xEgkj esa 43-75 ls 57-5 lseh2] ccwy esa
39-1 ls 43-06 lseh2] 'kh'ke esa 6-5&13-5 lseh2] tkequ esa
37-6 ls 45-1 lseh2] ve:n esa 29-43 ls 65-32 lseh2] djat
esa 5-7 ls 10-4 lseh2] f'kfjl esa 5-0&11-5 lseh2] uhe esa 4-3

lkj.kh 2  — o`{kkjksi.k ds fofHkUUk le;karjky ij yxk, x, ikS/kksa dh izdk'k la'ys"k.k nj ( mol/m2/sec)

iztkfr;k¡ o`{kkjksi.k ds ckn izdk'k la'ys"k.k nj ( mol/m2/sec)

izFke o"kZ f}rh; o"kZ r`rh; o"kZ
dsyk (Musa paradisiaca) 1.76 ± 0.15 3.24±1.02 7.46±0.36

iihrk (Carrica papaya) 1.9±0.24 3.4±0.32 8.23±0.44

ve:n  (Psidium gujava) 2.96±0.37 5.03±0.47 6.83±0.92

tkequ (Eugenia jambolana) 3.86±0.43 6.76±0.48 11.23±0.78

vke (Mangifera indica) 6.93±0.53 9.80±0.96 10.56±0.89

egksxuh  (Swietenia macrophylla) 2.70±0.34 7.33±0.44 9.24±0.82

flfjl  (Albizia lebbek) 4.03±0.73 6.76±0.48 10.43±0.65

uhe  (Azadirechta indica) 3.66±0.12 8.9±0.44 10.33±0.89

'kh'ke  (Dalbergia sissoo) 4.70±0.44 7.16±0.60 12.56±0.93

xEgkj (Gmelina arborea) 3.68±0.25 4.25±0.37 5.35±0.40

Vhd (Tectona grandis) 4.26±0.33 7.76±0.48 9.23±0.78

djat (Pongamia pinnata) 2.70±0.34 6.12±0.54 9.50±0.84

ccwy (Acacia auriculaeformis) 3.98±0.35 5.21±0.35 7.89±0.55

tSVªksQk (Jatropha curcas) 2.26±0.33 4.26±0.40 7.34±0.53

cksxsufofy;k 1.70±0.20 3.28±0.30 5.67±0.45

lkj.kh 3 — o`{kkjksi.k ds fofHkUUk le;karjky ij yxk, x, ikS/kksa dk i.kZ {ks=kQy ¼lseh2½

iztkfr;k¡               o`{kkjksi.k ds ckn i.kZ {ks=kQy ¼lseh2½

izFke o"kZ f}rh; o"kZ r`rh; o"kZ
dsyk (Musa paradisiaca) 2145±181.6 2900±215.3 3825±253.0

iihrk (Carrica papaya) 334±21.0 415±32.6 486±38.0

ve:n  (Psidium gujava) 29.4±1.62 52.5±2.46 65.3±5.83

tkequ (Eugenia jambolana) 37.62±3.32 43.5±4.02 45.1±4.07

vke (Mangifera indica) 57.4±4.73 71.9±4.87 73.7±4.27

egksxuh  (Swietenia macrophylla) 57.76±4.04 59.0±4.48 63.8±4.56

flfjl  (Albizia lebbek) 5.0±0.24 9.08±0.67 11.6±0.91

uhe  (Azadirechta indica) 4.34±0.26 6.2±0.47 6.9±0.36

'kh'ke  (Dalbergia sissoo) 6.5±0.29 10.8±0.93 13.5±0.98

xEgkj (Gmelina arborea) 43.7±4.23 52.7±4.98 57.50±5.23

Vhd (Tectona grandis) 1223±93.5 1416±112.4 1513±130.7

djat (Pongamia pinnata) 5.7±0.36 9.8±0.79 10.4±0.94

ccwy (Acacia auriculaeformis) 39.13 2.91 41.4±2.14 43.06±3.53

tSVªksQk (Jatropha curcas) 142±11.0 167±14.6 187±17.2

cksxsufofy;k 15.9±1.47 18.8±1.60 20.7±1.76
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ls 6-9 lseh2 FkkA vr% ;g Li"V :i ls irk pyrk gS fd ftl
ikS/ks dk i.kZ {ks=kQy vf/kd gS muesa izdk'k la'ys"k.k vf/kd ek=kk
esa gksrk gS rFkk vf/kd dkcZu laxzg.k dh {kerk ik;h tkrh gSA
bl izdkj jk[k ls Hkjh gqbZ fuEu ryh; Hkwfe esa iks"kd rRoksa dh
ek=kk esa Hkh lq/kkj gksrk gSA

fu"d"kZ
fofHkUUk iztkfr;ksa tSls dk"Bh;] Qynkj] rsy mRiUUk djus okys]

ltkoVh vkfn ikS/kksa dk lq/kkjdksa ds lkFk jksi.k ls jk[k ls Hkjs
fuEuhd`r Hkwfe dk fofHkUUk HkkSfrd&jklk;fud ,oa tSfod ekudksa
esa Øfed lq/kkj ik;k x;kA vf/kdka'k Vªsl rFkk Hkkjh /kkrq,a tSls
'kh'kk] dSMfe;e] Øksfe;e vkSj ikjk ux.; :i esa rFkk fudsy ,oa
dksckYV Lohdk;Z lhek ds vanj ik;s x,A yxk;h x;h iztkfr;ksa ds
ekWQksZeSfVªd ekudksa tSls ikS/ks dh ÅapkbZ vkSj dkWyj O;kl esa
egRoiw.kZ òf) ns[kh xbZA vf/kdka'k ikS/kksa dh iztkfr;ksa esa ò{kkjksi.k
ds ckn izdk'k la'ys"k.k] i.kZ {ks=kQy esa yxkrkj o`f) vafdr dh
xbZA

bl izdkj ,Q+chlh jk[k ds mi;ksx ,oa p;fur o`{kkjksi.k ds
ek/;e ls fuEuhd`r Hkwfe ;k [kuu catj Hkwfe dk i;kZfgrS"kh lq/kkj
dj lkekftd okfudh gsrq mi;ksxh cuk;k tk ldrk gSA lkFk gh
lkFk mM+u jk[k ds fuiVku dh leL;k dks Hkh ,d fuf'Pkr lhek
rd gy fd;k tk ldrk gS rFkk ¶ykbZ ,s'k ènk la'kks/ku izkS|ksfxdh
ds }kjk iqu#)kfjr {ks=k ds lkSan;hZdj.k ds vfrfjä LFkkuh; fuokfl;ksa
dh lkekftd ,oa vkfFkZd fLFkfr esa lq/kkj Hkh fd;k tk ldrk gSA
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