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From Editor

In the 1962, Firman Bear, a renowned soil
scientist, authored a book entitled “Earth:
The Stuff of Life”. Indeed this is so. On this
magnificent blue planet of ours, many of our
great civilizations have endured because of
their special relationship with highly fertile and
productive soils. However, many of these same
civilizations have since declined or ceased to
exist due to the misuse, abuse and eventual
loss of those valuable resources. Today’s human population of
over 6.8 billion souls rely on a very thin, vertical slice of 1/32 of
the earth’s surface to grow the foods, feeds and fibers that we
need to sustain ourselves. In order to use these soil resources in
a sustainable manner, we must understand and be knowledgeable
about soils themselves.

Whether your discipline in soil science is mineralogy, chemistry,
fertility, physics, conservation, management or crop production,
you cannot do adequate justice to your teaching, research or
outreach efforts without understanding the many interrelations
among the physical, chemical and morphological properties of the
soil throughout the soil profile. Many of the physical and chemical
characteristics of a soil can be inferred directly from the morphology
of the profile, such as the oxidation/reduction states, water holding
capacity, hydrologic parameters and many others. In addition,
these characteristics this information can aid in interpretation of
the genesis and the classification of the soil.

“Soil Morphology” is an excellent publication to help the novice
and the professional soil scientist to accurately characterize and
document the morphological properties of any soil profile. This
publication is very detailed in its narrative and is highly illustrated to
provide exceedingly effective visual aids. The authors bring to this
book many years of teaching, research and field experience in the
area of soil pedology. They have relied on International Standards
according to USDA and FAO.




Chapter one of the three chapters of this comprehensive
publication provides the user with information on the planning
and implementation of the soil descriptions from pre-investigation
requirements, equipment needs.

Chapter two discusses the soil forming factors and how they
interact to produce the soils. Understanding the genesis of a soil
allows one to more accurately interpret soil uses, productivity and
sustainable management of the soil resource.

Chapter three is an excellent work, which provides a sound basis
for the actual soil morphology. Developing and understanding a soil
profile description is the heart to understanding soils. The detall
of narrative and visual depictions allows the investigator to very
accurately describe the soil profile. This material is represented
and conforms to modern nomenclature and depictions of soil
morphology.

This is an excellent text not only for soil scientists but also
farmers which should make a part of their field pack. The book
will be very useful for extension services.

Richard A. Weismiller

Professor Emeritus, Associate Dircctor of International Programs,
college of Agriculture and Natural Resources,

University of Maryland
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Booaandob, Mmam@y dbgdtogo bLbgnmob, 33mgz0bab.
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boggemg 306m393d0 8955603960 dgagbnenmdnb wowagbs

boggemg aodm3gmggobsb, Bossgol 3Gmgamol 3mGobdmbEg-
3ab dobgg00 gobbobm3zMmagyb 894603 M dgmagbommdsl mMgs-
Beremg3@ngneo dgomemon (Bggsebgds gMdbmdgdal mMasbmgdals
39339md00) — 0009334 Bossgol 6odydab gobigbgoo.

biy. 39. 3gemdyg boswagal 8gdsbogn®o 3gmangbommmdol ewagbs

Bosogqdal dmGggmemmaan®o smbyfobogol 360d3bgmmgs-
Boo 560 Abmmme Boswaggdol 8gdsbognmn dgagbommdol mobo-
bosmgds Bonnsbmdada (Jogamoma, J30dnsbo boswogn, mobosbo
Boo@ago s o. 3), 3Msdge 8945603960 dgragbommmdol (33mamyg-
30l oeagbs(3 3mEMnbdmbEgdal dobgogom, boswsagol 3Mmegomal
Lode3Mgddo.

Boooggdab (30m3gmmo Godgdo dg4sbo 3o dgagbormmdals
L3g0BogNM0 IBmBamom babosmwgdosb. 3975603960 dgoagbo-

mm3ob dgbBagmob Loggmg dgmmeo gddoMoymos (069 ammobb-
ImdL 5330639350 39693603 30GMBgd30) s dobo bobybE g 3bod-

369mm3bomss @sdm jogdymo 333mgzomols a0dm(3000mgdsdy.
baggmyg 306mdg8dn Boswaggdal dgdobo o dgagbormmdal
39LBagmal aoM33gmmo (3MBnmgds admnEgdymos bossgol
608m30L Losbsmobme dmIbagdalb dgomuby. boosgdn dgdsobo-
3960 9mgdgb@gdo 3Mod@ognmom o6 sMbLgdmdgb mogobmgom
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damdomgmdado (0dgzosmo asdmbs 3mobob gofes); ababa, 38 -
Lo, Lbgogobbgs bamobbom s@ash gOmdsbgommsb dgbgdqdamn
&0~ ©° GGgdnboms IydsGndom, M j0bnor o semydnbom, Ie
0o Al 0330b YR JoEMmyabagdom, 3o9dnbnm, jor3ou8ob
3oMdmbsGom. bmaogmm dgdmbggzedo, 3g40ba3nmo qemadgbdnd-
ol 3939859690000 bomIm86nma d03Mm — o 35 3MmoaMa58 900
0d@gbow 330390, MM domo @sdms o6 g3q8gdamgds Bggs-
mgdng dgomeb. dgdsbognmo dgoanbnmmdnl gobbsbmamabob
Y3gmo 0aM9a00 domosbom mbws @sndsmmb bgmnbammby,
braRg® bl asdmygbgdomay. 8q-sbo3m&o dgmanbagnmbols
boggmy dgomeob Lobyb@obmgol dmogmgbo  3bndzbarmmds
boowog ool @o@bosbgdol  boMobbl  abadgds. oMobo3zdsGabo
©Qo@b0sbgds 30bo30MMdgdlL dbdeyd dgdobo 3n& dnwagboemmdsb.
boooggdol goe@gbosbgds 3o domojom, dgdobosymo dgwaqbo-
mmdob ©5ddndgdsl 0bgnsb. ddndg dgdobognn dgmaqgbormmdols
boooggdb sbsbosomgdor domama 3mobogammds, dbmdad bosc-
0390L 30 — bogmagdo. boswagndol 53 m30Labsb bsggmy Jommdnddo
d940bogmo dgpanbommmdal mobawagba 0ygbgdg6. sdobomgals
365J@0 3mmo d93maabontawm 0d393096:

bosagol badndb bymom sbggmadab, comgdom bbb, by-
mobaymby smogbgdab ©o obmﬁb@f)é b. Loggemy 30Mmmdqddn
boooggdol dgdobo 3m60 dnwagbormmds asbobobemgmnds Ama My
bgb@nob, sbggy FdGom damdamamdada. sdabsomgnl aodmnygbnde
ddmaan LEobEMEB Mmoo G0 gMnmdnde (bodob-mgzou lado):

~ -~ Ao “ 3
N . o IR \
f /"' T Nine. ,\/’/ \El;;;../"

bme. 40. boswogal dgfobo 3nma 8303&]60@(%50[) a0bbobrmgfo
Mabmmy3Eo g uco dgmmeon

J30ds (A) = bosogo wbEENIBHms s ddGsen roam-
dofgmdado sgomoe admgds. dnmands (omggmmo  3a6(33-
gdobaob, Mmdgmms gombggs dnbodmgdgmos dgmnomomadgemn
ngomom. bmaxg® 3306 Homegbmdom dgGgmmoas muém bi@-
oeon Boboens 3gdo. Bab@neb Jmamdemgmdado 56 a8m@mRomgds o-
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LeaAbengdals baemobaem by e s@ms3emab@ogndins.

430865610 (B) ~ bnowogn 36735005 @s 8365 doamBo@mamds-
do 00gdb Il sgamom 0g3d36gds, dnwands dbbgnemn BoM(33-
mgdabash. bymol dgbgdnm ng@dbmds Jzadasba bsboms 390l bo-
FoMdg, NRGm BgMnmoa bobomms 39dn 33069 MomEabmbdomss. byb-
$00b dpamdomgmdado o6 &0l 3mab@ogn®o o o6 bm@bmeagds.

bydydn oabbsmo ((‘) — boswogo ddMorm dgmdsmgmdadn
®00gdlb dm@obl gob@mgbzom admngs B3Goem gbsbomb, Gmdgm-
do(s bgmob dgbgdoom dgng®dbmds Jzodnsbo dom3zmgda. bybnsb
damdomgmdodo LybGow 3mabiEoyacs, bymabanmby  ©o-
beadbemgdaema dobe szaemow bywgdo.

badmoemm mobbomo (D) = boswean 83om JoamBstgmde-
do momgdl dmEob gobGgbobal Bo®3m3bol B3Gomm nbzboml,
Gmdgemdo(y bymob dgbgdam na@dbmds dbmmme (3o 3gnmo Jzo-
doobo FoMyzmado. bgbBosb dpamdamgmdseda boowagol 8obob
3550605 Lyb@a 3ol znmmds, bymol gmmbg obm@bmgdom
admggs doimnsb bmbaml, Gmdgemo Imeebzobsl soz0ma©
ORICHEES ,

3dody omobboma (L, ) — 8d@sm dgmdstigmdado boswsagn
0dmgds B3fnmm gbsbomom. safMgas@ndob agdabs, @83@)3[&0@\),
©obob @obdomgdom brgds s sGo momgdom. Baaem dobado dgbe-
dmgdgmos dgazbzogb (3omgmme Jzadasbo 8oi33mgdn. babE0sb
Bamdstgmdado 3mob@onfas, bgmobanmby ebm®brmadoo
0dmag3e LEm (aemm3) Bmbo@l, doa®ed dmemnbzabob ndbomgds.

onbs (() — 836 doamdomgmdada basoan dognsb 8330-
0300 5 53M 9358900 dbgmo 0dmgds sbom byMom, ghHmagemm-
30b g3bgboms. 3obMgbzal @AHML Memgdl dmEob 8o 33emgdo o6
dgoa@dbmds. 69bB 06 dpagmdomamdadn, boswaan dbgdsgos o
a55fbos Jomoma 3mob@ogmEmdal mban. byemabammby joGaswe
be@brEads, odmaggs LEmG ©s amdgm bmbs@l, MmBgmos ow-
3000 0ebnds o o6 0dbamgds.

bosoanb  dgdeboygmo dnpagbormmdalb  gobbabmgmnl dg-
©5Mg000 HRO™M bybE mOasbmmgdén 3™ dgomesw dgndmgds
Roomgommb g9@mdsbgemn basweadzmebolb 3. demndqgb dog® dg-
dmmagobgdmmon dgmmeo (ob. 8gommeogs Jzndmo), Gmdemab dgb-
Amgdoms o bad Jnobymo/asg®sdol godmygbadem aabeoy-
35 (39 3300 B3 4(30500L 3Gm (3968 mmo Momgbmdgda, Mabia(y
bodmemmmeE 3n3Ys356100 bosagal ob abo (3om 39mmo 3mGobdmb-
&ob dgdsbogyma dgmagbommdal 306bsbmaMadoy.
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6sFomogms bmBol gmsbgdo 833 rpgbogmmdol jmsbgdo

r2000pm PN —— bogerbato «—
1250pm TR 1S moblioos lodhado <+
030um B aeseer Seiloh i | SE moblaGnJyidoshe
o, - Aot Vgdogo ol | SILL woblo@umgealosio
- , FO3um ﬁ SICL Mol mobbagisgnaidol
E L ‘ 20pm g soroih CL Dol moblséo
80 ] % M2um . L wohhafo
m X Si sty

Sil. SC wobs Jgodusho

SiC  wole wailaato
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100 A J3090b 854 Dgeadob gerabydel Jgaesbogmggdo
% VFS  degronh {gdioga ot
N % Voo o
T ] . FS U
] 2 S MS  baigeere ol
E E %, Cs Dlbgogen Jeila
£ | ) oy US o
§ g '\‘\'1‘.'1:;&”" %, / LVEFS “obh @0 Tamonh Vatomo ],:_
1 R "o@ o IS LFS  wobbodo Cgoogo Jyoilon
= ”':;O LOCS  wubbodio ildgogen oo
?O % FSI.  ¢i@ogee awlindo Jyodoste [—
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domosh Fahombtfgcomo Jg09s (0.063-0.2mm) —»
05a®ds Ni 1. 8940603060 dgeagbormdal. 4obibsbmggma
bod JMobaea/mosgMads.
g3 doggdmmas “ggom”-b dogm, 1990,
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dgdobagnfia dgoaqbommdnb 3emabgdab gebbabemgmal dgmmengs

Blume, 1995

1. booogob be@om bodmdolb wobm@bimagdoo
dgmdegdgemns 7 33-n5bo bemb&ab domnds:

(7)()['7\\
0, o

L1 om0mgdl of odmgyosbgdb, o stob
Bdzomabgdo 3mbleb@nbiaal;

o

<5

bbgomaobbzs Dmdab bobams j5dab boigan;

US

<5

bobomo 3900b 139@qbmds domnsb
dbbgoemos - 0.6 39;

CS

<5

bobams 3960 Ladymsmm bmdobos
0,2 - 0,6 95;

MS

<5

BoBors 398nb dg@Enbmds bzoagas
< 0,2 38, dog 08 domn oGlgdmda
doob(y ngdbmds;

IS

6060@0&36&) 39&gbmds dogmnob B3Maemos
—- <0,1233 o boowogol  badyda ob-
™3980 g30emobgde 3mbbobGabiasb

VIS

<5

1.2. 560b g3d30mmnbnd6n, a@obamatigdnma,
momqddo gob&gbgam b3Maemn dobams
oomddob of 0acdbmds;

<12

1.3 obgoaggs, Amamey 1.2, dbmemmeo Lodg-
smmE B30mabnd@n 3mblob@nbznobes;

<10

71 4 (I;Qormgao, fmgmeg 1.2, Ibmeme
bogdomm g3dgamabnd®ios, ng@mdomds
a6obumado;

<10

1.5 nbgmagae, Gmamey 1.2, 3beemme
bogdomm gg3nemnbgdding, o6 ng@dbmds
afobmemndo.

<12
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2. bod@agob bm@om 60dndob obm®mbmadom dgbodmgdgemos 7
dd-00ba bmdob bmbmeb domgds, Mmdgemog 336935000 3 83-B1

bo 3o BmBadmg @oyzobobals, 6odydn 3bqbogns:

2.1 bodndlb odsb bgdo @o nggngh/m %3(9030-

&0, dognoab a@ebmmoMgdnmos @s of 3fob — SLr 10-25
bqdmgobn; b e
dgobadbgds Ladpmormm bmdols Jgndolb bobo- e .27
93960;

o6 ool a@obymafgdymo s odgoMow | —» Silur 10-
RJz0mabgdma gmblobdgbnobas; s 27
2.2 moogdoom sbm@bemgdol dgdmbzgzsdo

odzb boalﬁ\v@mm dDobsge bymadama, bydm- —> SCL 20-35

356005,

3. boosanl bn@om 608‘@80[) sbmMbegdom agl)odqvgég(gmo 3 d9-
by 6o3e0qb0 Bemdob bemb&ol Joemgds o Bobgsb 2-3 1L3 ©nadg@mnbs
34mby Beob 393360; bodqdo bydmgaboy, dModnbndl

dmol o o j3l) bodmamme dbobogn %3@5?060

Joamadl

3.1 8@06"3@0@36”}@oo —=> SC 35-55
3.2 babogms 39da ag@rdbmds o 8(]0886330; -» CI, 25-40

. —
3.3 boboacms 3000 063 ng®dbmds @s oy d: > SiCL | 25-10
ndhbg3o;
3.4 boboma 3160 o6 natdbmds, o6 dq086b9 4o > i H)-
5 bndyydo Lo jdomw 3@0()@06 Jr/ms > O()
4. bo sogols Bnd‘gdb d(’)‘bo&)f}o (1)530(/)0 o 31) o denog
3enab@ognmaa:
4.1 39bo3hbgzns 8(3nMgmmaba a®obmemgdo, ¢ 40-
Gmdemndoy jdarmgdb dmab Eadnbgdl; e 6l
4.2 56 o0l dgbsdhbgzo acbmgdo oo > 1IC 00

bodgdo 3domgdl dmtnb o6 dMadbgdl;
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booag gdnbdgdsbo o dgoagbormmdob badmmmm oagbs mad-
MESGMO0mo g5dm33mg3900b Imbs3gdms bogndggmby bogds.
5do@ma3, d9bgdMngns, MHmd dabo Laggmyg aobbabrgMs sMdg0msM
dgdobzgzado o6 (33em0b 3bomobN® 33mgzoL modmMms@mmMosdo.
dobgogem 30y, dgdsbognmo dgoagbormmdol asdmjgmgge
ymgzgmmngolb bws Ro@omogl g39mby, boswsagdolb dmMgmemmao-
60 50bg@ab/sbommabals 3obboo.

bombs@ob go6bsdmzms byzgemg 30Mmm33dn

0dgMnggmo  333mg30Mgd0  Jobgdolb BMeadgb@gdL (J39d0,
b&gdo, 396g9d0, MM, 3od6gdn) smbgmgb dgdgan ©noabmb-
&0gaco  6036gdol obgrgom: dmBs, 3g@Hmamegaymo dgmag-
Boemmds, gm@mds (Fogomomo 3ogosbo gogomolb ©s3nmbeymo
R3Ma3396@gd0 7,5 b3 nsdgBMab).

L. 41. bo@bsolb/Jsbolb Bmeadnb@gdo

bo@bo@nb/dobolb g@meadnb@gdol Momgbmdol (dm(smemm-
domo) Laggmyg s@bgMabobl, “Ggom”-b bBsbsMmEgdolb dabgogzom,

0y969%96 d99m9a aMo@s(3090b:

o6 oMb 0%
domosb (3m@o 0-2 %
3MES : 2-5%
Lodmaemm 5-15%
39360 15-40 %
- Jo®do 40-80 %
bgdocdo >80 %
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bo@ba@ob bmdsl smbgmgb dgdgan dohz9690magdoo:

B3Momo beMgdon 0,2-0,6 L.I;
bodmamm bAHgdo 0,6-2 L,3;
dbbgomo begdn 2-6 LLG;
J39%0 6-20 L3,
3oggdo 20-60 L3,
00 3ogMgdo > 60 ba.

Booaggdal bLoggmg dmBgmmmaonMo  sbommobol O™,
(30 gdgemos (3939 3mEMndmbBgddo hobsMmamgdol wobs-
bosmgds  domn  baboscmolb/BsMm3mdmdal, sEanmdEgdsMgmdab,
Momgbmdobs s dmdgdol dobgogoom.

ILIV. b&®IIEIMD

bosaggdab LEEYJG NG bomdmawagbl bbgowsbbgs boowo-
Lo > BMEMBab s3Mgas@gdol gMmmdmomdsl. s3Mgas@gda, 56y
39@gd0 gbmegds LEGYIGIGI 9HNIImIdL (9mgdgb@gob),
Mm3gmoogsabsy dgagds bossgol dobs. bosoagddo LEGYJ-
GEmmo 039358 9do 65M3mngdbgdosb (30m3gnmo dgdsbogyco
9mg896@qd0b 396989800 (3939396 9d0m).

L@ 42. bossgol LEONIE YOO L@, 43. sgMgas@gdab
9B gnmo/safgas@o 9POmImomds.

110



3169860z 8amBomgmdado Bnomoggdl sbobosmgdm b myd-
GM05bmMds 5647 b0, @o0doemmb bbgamabbgs bmdolb s gm®m3als
LEOYIG NP 3 gas@¢gds. Bmab Bobgozom s@Rg396:

1. 80gmmogMgas@gdl (ozmmbEGyd@nms) — 0,25 83-bg be-
3mgd0 005398 Mol ddmby s3M 9358 9dL; ,

2. 39bmogMgas@gdl (3gdmb@enddnms) — 0,25 — 7 (10) 33
Bm3ab 556 935893b;

3. 303Mmagmgas@gdl (dogmmb@mndgams) — 7 (10) 33-Bg
3980 ©0539@Mal sgMga58 9.

b, 44. B0 36m-, BgDm- s 3o 3BMagMgas@gdo

Bosogal 3sbsdn LEONJE MMM saMgas@gdob gobsboemg-
3L dsmo Bmgdal dgbodedabsg, Boswagol b EmEmmo dgo-

39b0mmds gbmmgds.
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bgmag§gmacro 53M9858980b/gMmmgmengdob
dmmxgmemmagons

LEONIG PO ghmgYmgdob Bmdgdo Fommm bobdrgmgdda
(335mgdd0mdgb  MmamMz Lbgoobbgs boswsgdo, obg gHomo
bosagnl (30m3gnm 3mmabdmbEgddo(s.

L@, 45. bbgaabbgs bmdab LG JGNEYma gMmgnmgdo/
5309358900

Bosogndolb @n3gdo s domo g969bobyMo 3mEndmbEgdo
LEONIEYOYmo ghgNmgdol FMATob sMSgMHMazoMHM3bgdom
boboosmmgdnsb.  Bossoggddo  dgbodmgdgmos  gMmEMmmsn
0Mbgdmdbgb 3Msgamagemn gm®mIob s bmab safMgas@gdo.
LEON GO gmgd96E89d0b boEowy s FMMIs bommsw sbob-
03b Boo@sgqgddo 30d@nbamg 3Gim(3gLbgdal bobosml, s80@ma3, bbgs-
abbgs §ndab boswoggdo b gMmo s ngngg boswognl Lbgowabbgs
3969D0baM0 3mEHadMbEG 930, bGONIG YO s3Mga9@gd0lb ImE-
BMemmao0om g3obbbgogwgdnsb.

gBm@3dolb dobgogom aobsbbgeggdgb LEMYJGHGYma saMg-
358900l Lod Bndb:

" 30deL;
= 3M0bIymb;
" gogommgsbl

300060 &odob bLGONJG YO saMgas@lb badogy aobbdm-
domgds — boaMdy, Logobyg, bLodommy — ssbrmmgdom Msbsdotn

07d3b o Basgagh 3mdb 96 Lggmmb. 3GaB3nmo bGGYJGNOYmo
23M9a5@0b mMo 356bm3nmgds - boaMdy-bogoby sMomabadsmos,

d9ga69gd0m bndsmmgbgs asbznmaMgdymn s asshbos 3Gnb3ob
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o6 bgg@ob @m®ds 5g3Lb. Bogommgabo saMgas@o bLodsmmgby
LybGoE oMol gobgomamgdamo, oMy LogMdg-boasbgdy, asd6m-

&Ygmgdygmos ©d Imazo3mbydl godsmb - BoOR0EGSL.

5) 3o d) 3G0bdnmao a) gogdommgabn
L. 46. bLBOYIG PO saFgas@ob Gndgdoa.

LEOYIG OV 53735 gd0L (3org3gNmo Godn, DmBgdabs
> ©33gmbymmdol botobbol dobgogom, ogmas agefgdsm s
bobggde - YBO™ bgGHom gMmmgmmagdsc.

bosoggdol 35 3Hm3mEBmemanabogol  3oGggmbaalbm-
3960 360d36gmmds gboggds boswsagdalb LGN JGNGal Godmmm-
300b, Moms aobobsdmgmmL dobo ggbgbabymo s sabmbEo-
3060 360d3bgmmds. LodoGmggmman Bomgdmmoas b. dobsmgals
dogM ©odY3ds390ymo boosagdol LEMNJENGAb Jmabogozszns,
Gmdgebag Legndgmor gzl LEGYIGYGIme ghogYmgdol
BmMdgdo ©s Dmgdo (ob. (3b6. 2).

bos@oggdol LEOEMIG PPN s3Mgas@gdolb RmEMIgdal o
Bmdgdob BoGImmagbamo Bsbabosmgdmagdn 39@-6s3magda bEsb-
MG Ymos dogmb dbmggmomdn (dbmangGomn 1860d36gmm Lob-
933@omgdom), Mo oo bs3daMmal mdagd@ummdsdy 898Y39-
mgdb.

5) BoM(33mmgabo ©) dsboyo (8336030)
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L

3) bgg@mgobo 9) 9bEHIG O™

3) 39e2®™3obo/ 39dyo
s 3nobamo (5L BzgMmgdam)

Rdggobgmo (deroage BgHmgdom)

L@, 47. LEOYJGYOYmo sgMgas@al G03gdo s Labggdo

53960 30b dgg@mgdamo 3898 gd0b bmgmal dgnmbgmdal -
356853968 0L (USDA, 1951) 8096 398mmagabgdem boswaggdal
LEONIJGNEL Jmobogngzszosda LEMYIGYMoL gmabo gsdmaym-
3o 0bngoEsmuMn 5g3Mgas@gdol bLadysmm bmdom, Godo o —
domo gm&dom (ab. (3b. 3).

60000533(3m©bgmds30 yzgmadg 3g@ o g@omn® Lob@gdgdl
BomImaggbgb L. Bobammgal s 83gMogmmo bgmmab Boswsgg-
30l bEONIGYMoL 3mabognza3ngdo. obobo JoMaswm s bsjdomm
bgdnbggbom s5bggb LEOYJG PO MmO s3Mga58gdol FmMgm-
mmaoasb.

booogqdol LEOYIGYMS M0l Boowsgbs®mdmJdbol dgwgan.
dgbodsdabo, Lbgswobbgzs @n3ob boswoggdo asbbsbmg@nmo
LEONIG PP  bobosmegdosh. dsgsmomsm, ds33065d0bmgol
5dsboboomgdgmos do(33emmgabo LGMNIG YOS, dogmdgdlb sbs-

Losmgdo 3G0dIPmo LEGYJGPGS. boswsggdl, 3Mod@0znmsr,
dogmb 3Mmgomdn, oMobEMML o6 asshbosm gMmagemmgsbo

LEOYIGYMS. 3oMndom, LEENJG ML 39bMbDMBngMo (33emamg-
35 3903Rbgge boowaggdal 3Mmgamol bgrednMowsb boswsgbom-

dmdgdbgm qobsdgog.
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Bossgqgdab LEMmnd@n&ab 3mabogagsios (b. dosbsmmzgab dabgwgzam).

gbmamo Ne2

LEAIG Ao

LEBENIGIGYma 5369338930l 33o6a $AB8S B0, Loby bmds
aLb 3 m336n >200L3
3gm@mzo60 - bBmAIsLEMGE™ gm@3als 3o@oIOM3
©3 36305653560 dgos3oMab dgm@mzobo 20-10 L3
3269258930 '
o B360mdgm@mzsbo 10-1 L3
3bbgnmam@Gmbmzsbo 10-3 33
amAmbmgsbo 3-133
amﬁmbmsosn (dmaémsasn)_ 6360Q6m6mbm3660 1-0,25 83
33z 35mgdnmoe gm@dab @ 383MnbydGn -
bm& 3masbo dgs3nmal 3jmby 933069b0
\& 5369338930, 36 360l 353m 3390000 3036ma3M9358930,
) 39bgg30 300 gm0l <0.2533
"B 3s6hgzs ’
7 39:9dergdgmos
- dgmos@emgdgemo
ngsemom
393mm3zsbn - 398-653mgdse LEmMa 8bbgacngsgemgsbo >igad
am&®dob s dsbzom3nmbasbo 393mm356an 10-7 33
336034330 B3Mom3s3mmgsba 7-533
: dbbzamds@(ggmmgsba 5-333
356 (33emm3360 - 398-653mgds LEmAo 5
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boo@oagdol jmbLobEgbzos @mda bojdomm (330 gdo@00
©> oEy@ oMol ©sdmjagdyemo bosoaqdal  Ggbosbmdaby.
5803MMMmoE, b ©s3o330Mmgdymos boswogndol dgrsmgonm
daMa (3nnMy &nb0obmdss) mgobgdgdmaby(s: d¢ 1603960 -
a9b0mmdsbmab, dosboddal jmddmybab mogobg&grﬁabobonﬁ
mBasbagmo o mtﬁgoB*@@ﬁnbg@o@m()o bogmadob bobosmmsb.
LEMFgE o8nEMB, bnsaggdol 3mbLobLEb30s dbadgbgmmasb wo-
236mbGa 31 bodsbb baddmawagbl.

bospsgnb 337989980l bsz9cmg 396bodmszmy

boooggdnb Loggmyg dmEgmmmaoydo smbgms of odmygo
boo@aandnb saqdgmgdalb  Godgdob a56bmasmgdam  @obobo-
0m90ol, MoEasb 53 ML sbabosmydgb dbmmma dab (3o 399
3™33mMbg68gdL: BMEsbmIsl, LodgMagg/bodogmagl, boswaggon
30 9OmBsbgmobaob Booogab Gobab LagGmm sggd¢mgdoo a56lb-
3930093000, ®mdgmaz ©odm o dymos boowogbo@dmdbals @3-
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Lo s sbo3by, bnowsgbsmdmdddbgm Jobgddy, sborm3magby®

BdJHMODdy.
a565bbge39896 bossggdol dsbol bogMaom 0398 mgdals d90-

93 §039dL:

1. gbgogMo sagdnmgds — boowsagddo bobomsjgdo o6
0369358980 geHN836gnmsb ©5393d0MgdYmo 56 560sb 56 doo
dmEnb 3939060 0degbo 5M53B 30390, Mm3 bossaol dobs
s30mo  0g3dgbgds  dgdobogpmo  bDgdmgdgmgdol  dgrmgac
(s3mambs, dmbgbs);

Lay@. 63. BbzogMn 53989mgdal boswogn

2. 8336030 53980 gds — bossggdal bobomsjgdo ob sgg-
358980 gem85bgnmab bs3dsme 3@ Jo3gE 9M0sb ©s3ogdnMgde-
™0, 6563 J36056 gMm0sb BaMow bbgymb, Hmdgmoz dbmeme
domob go8myqbgdoo 0dmyds;

L. 64. 3336030 539dmmgdol bossaon
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3. sbo@ymo s398mmgds — LbEONIEGNO™ boswazgdals
Bobams 390 s o 3MmogMgas@gdo domonsb 3@ 3039 5M0sb dg3s-

3306 954m0; boM3MJ3b0b gAMb demob@), aoxoMxggdmm dobol
96056 306md93dn, 30dmIMMobal 30 dmogf sbsdMmamgdeman

36056 dbbgom dgmBmgsb ob bgg@mgeb gMomgmgdsw;

L. 65. EsboEmmo v398mmgdol boswago

4. d305b0 5398 gds — bossggdol boboems 3980, 3o 3Hmag@g-
398900 56 3mb 36930980 dg(39896Egdmas J30sb dsbada, HmBgem-
0(3 96 0dmgds b3 g 309N 03FMOMgdol/0bbEMm3968gdab asdmy-
96930l go69dg.

oo % Al a
£ e s 57 - g FR

L. 66. gg0sbo 53989mgdob boswaggda

Bosaggdob 39dgmgdelb @sboeagbor 3grdy (oer-(3oe3)
>0bgMgds dobo meg0bgdnMgdsbo — gmM0sbmds s Lnd3zGogzg/

bodsgMy. obgzMamgdonm sbasbosmydgb BmMAgdol Gm™BgdL, dom
BdmdgdL, MomEgbmdsl s 3mMobdmbE@dn gobsbamgdol mogabgd«-
6905b (dgbadmgdgmons cr3ob go8mygbgds). obabGymb dnomgds
3mM0DdMbEOL BmE0sbmdolb dmgswo @obsbosmgds. boswsggdols
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bod3360300L oBgMOLalb godmoygbgds ©obs (o6 LoGgbo) o ow-
29696 80l 3@ 9amEagdl (domasb 3336030, 333030, dmdgztogm,
dmgzbzogmm, gbgngma, dbggacn).

dot@ 030 baggmy babgdob (doMomao mMgsbmegd@o o)
bBomgd0m, aobabobrmgMmnds boswsegelb dobol (Egbnob dwam-
do6gmdadn) Dmgogmmo g3abo 3-89 Jobo gy mgz0bgds. jgHdme,
3090 bg 000b g ads Bgdmgbgdal (568bgdmgabo, byb@ow Bgdmgobo,
B9dm3360, domoab B5dm3560) s 3rob@nynmmdab (sMsedemob@on-
360, domosh Lybewm 3mob@ogy®o, LybEow dmobGosndo,
3emabi@ognen, domosh 3mab@ngntn) 3oedg@mgdo. boggmyg 3o-
Amd0dd0 sbazg vmabgFgds boowag gdab bagMmm sggdymadol Go-
39d0 (gbzogmo, 8330030, @sboymo, 4305b0).

Boooggdnl 539dmmadolb @y@smnEin Momwgbmdmoge dgb-
Bogems B568moma g6l madmGodmGogmo 33mggab bogsbl.

IIVIL 9bYX636»3M60J36330

bos@aggdnb 3Mmgnmdo Lbgowabbgs gmmdobs ©o dqwag-
barrmdnb bogmngfingdgdolb @ogmmagdsl sbombomdmbajdbado
(sbomd8bnmdgdn) 9bmEgds. obobo Bamdmogdbgdosb o nmgdg-
3006 bnosg 930l 3mEHabmbEgdda Jodan®a, domemmaogo, gobo-
3060 36m(39b950b, 03 gm39 8(30b0M gm0 @s (3bmggmms ydyommm
bgdmddgmgdob  dggas. obomBomdmbedbgon  dmAmgmmman-
@@ 3oMase hodmysmadgdnma (godmbodmo) bogmngfgdg-
30s, boowagol dobobaob gobbbgogmgdasb dgragbommdom, sgg0-
@300 o BMEIoMEgdnsb Bosagbsmdmgdbol 3Gmisgbdn (bg-
mabs bo@dmJdbagmo).

Boooggdal sbsbemdmbodbadab 3mobogogazos gumdbgds
™6 dofomam dobsbnosmadgmb: 1) 3qmagboemmdsh s 2) ggmeadobs.

Jodonmo d9wggbocnmdnlb 3bsembs63dmbsd6930

sbomBsm3mbogd6930, dg8swaqbymo GogmagMmgdgdols dobyce-
3000, 043056 d93wa doMoms® RANRIOO®:
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e >3neo bbbswo domomado (NaCl, CaCl,, MgCl,, Na,SO,,
MgSO, wo bbg.);

*  odd3domn (CaSO, - 2H,);

o jomnmdobs o 85360980b Jomdmbadgdo (CaCO,, MgCO,);

o /3060l semy8abob, 356356300, Bmbymmol yobagde (Fe,0,,
ALO,, Mn,O,, P,O.);

e 3oy9dnbs (SIO,);

e oaby BnbaMmomgdo (bomogoedgon);

e Jydgbosbo bogmngmgdagdo.

boswoandda Jodom@mo sbombsmdmbsjdbgoo (Bom8mmanboemo
sgamopbbbon  Bofmomgdom, msdsdatom, jon(3nmdol  jo-
dmbo@no, jogdobom, 3qdabosbo ©o bbgs bygMogdom) Jodoymo
30m9bgdal dggasw Bodmadmdosb. 98 wmmb bamdmddbagmo
BogGondo dgndends @oomadmb botmdm jdbal oQér)@ by b boowo-
aob bbboGmob dgtg30b d90w©9a 5)@50(930@(9)1) Smﬁmoomb@o—
0 ©O 3{]@@)(n senn dodamormmgdoo. dgbsedsdobow, Jodoyma
bogfmgdo gadmoymeznsh bomdm]dbol saomo@sb asm33gmo
(begxg 8bndzbammgsbo) dobdoenab dmdmEgdom.

.)b.)@g.)rﬂam&)jab-g&nb ogm&dgdn

obambomdmbodbgdal dmGgmemaon®a bob@adsdo e sgm-
005658L yzgems o3cm, dgbm — ©o o gMmmRm®mINdlL. sbombe®-
3mboddbndal ymmdgdo dogmosh dGwgomasemos: bomeymaoa, Jg6-
Jo, bogngydn, yHabEommgdo, do@mgado, BoMuodgde, boMmGomgdo
(60663 gdn), “mda” ((3G9do3gema gdo) mgegdn (boengda), 3mb3-
ﬁa@ogbn, dnbogemgbgda, modgdn, bomay )0)(]60 bobgqomagda, mmE)-
d&qgnbgdo, ox3bygdo, 608m60@3;J(7, dnfyda s bbg.
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beg®. 67. sbsmBs@8mbog36gd0l gmM8g3n

SbomBs™ImboJ3693L, Bmam(y Godmemaon® 60dsbl (dsoo
Bo3mImds 8353806 dmmos boowsgbsmdmgdbsbmsb), boswsag-
3ol gmaboggozazonbmgal oo @oogbmb@ogymo dbodgbgmmds
sd3m. 39360 sbomBmmbogdbo odobabosmgdgmos boowsgol
bbgomobbgs (3mb3Mg@mma) Godobmgab. dsgomomo, gbgMhgdo-
bongolb — mGEG3B0bgda, szome bLBso dosMoegdol Jghdgdo -
3ma3dg boswaggdnbogol @s bbg.

Bosoggddn, sbomBsm8mbsg869dolb dobgrgom, dgbadmgdg-
mos dbggmmds dom 3g6gbabbs ©s s3GHmbmBaym cgobgdgddy.
3oa5m0ma@, 6nowsagdal dgms 3mModmbEgddo 3@Mgrobygho
5 g56g0560 mo4gdal 5MLdmMds 08ody 3g@Ygamdl, Hm3 bosg-
530 BMGIoMgdMmos 3oM339amo oFsmdgdol JoMhmdgddo. oy
5060360 sbsmBocdmbsgdbgdo mobadgummgy boswsabomdm-
4360L 3Gm(39Lob Fggal BomB8marmagbl, 35306 gl dogmmomgdl
bobmggemm-badgn@bgm 3neGnHgdobmgal bosgsgol sMobgmboy-
g sgMmmbmomm mgz0bgdgddy.
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Ly@. 68. gobgosbo s 3@MgobggHa modgdo.

0@30mdbLbsa  oMamgdol  sbambomdmbs dbgda sbabo-
0090m 30398 (3odmdgdl) o ©sdmadgdmm bossggdl. ababo
dmO@mmmang@o 3Msgemazafmmdom gsdmomhigznsb s ©sdm3-
0093mmbo 56056 doMnmgdol aaMmgzgdol batnbbbyg. boswsggd-
do doomgdal sbamdbomgdgdols doMomsmn gm@dgdns: mgota
domz9d0, mgm®o bbb jmgdo, dmmgm®m bogoydgdo s 3odmb-
3m9d9d0, 0dgz00ma - BLbggmdnzgmamdbsg J860s6. sdmadgdol
bocobbob dobgozom Bamdmnddbgds domamasbo dMggda s bbgs-
sbbgs bobgob doMomosbo g dgdo.

0535306000 Sbombam3dmbaddbo adsbsbosmgdgmoas ddMaemn
LE930b bossggdobmgab. ob b 3domm b3g (3080 3YM0d @S JoMasE
a3dmogmas  3s3Mm-ImO@mmmao@ae. boswsggddo yggmady
bdoMoe 3emnbrgds madadamal bgMam 3Mab@omy®o 3mbimg0g-
30, 8bbgomo 3G0bEsmgdo, mgoMo dofmaggdo.

LY. 69. M5d5d0M0560 boswag gdo
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5653060l sbsmBsMm3mMbsgdbgdo go36(39mgdmos 6gdma3s-
@-LYMROG M0 bossggdab, do39d0b, do3mdgdal J3gos dmo-
Bdmb@®9d3d0. bobggMom Mdbmb s MEsdbmb boswaggddn bdoMow
353m0gmazs madsdofal dgidgdo: “aoxn”, BzMom 3@ab@omymo
ob dbbgom 3MobBomaMma IMggdo. MmedsdoMal sbemow amgdamo
obambsM3mbsgdbgdo baboosmwgdosb mas baggnggdgdolb s asdmb-
om9dgdob, mgofo Bobbymgdol, 0dgosmem — ®adsdamal gbgs-
©m3dnzgmoggdol Loboor. MEsdbmb bmango Boswsal (dgs sbas,
gobobgmo) madadamal Mgmad@nmo sbombamdmbsddbo sbsbo-
00 98L. 0853060 bosseggddn ndgzosmem azbzogds 3mbiMmgog-
d0b s 39 (3980L Laboo.

39¢18060b sbombamdmbaddbo g.6. 3098060l BnbogMdzggzn, aob-
bognomgdom sdsboboomgdgmoas gbgMgdobogal, Lmmmegdo-
bongol, g9969Mgdmmo s gsbmmmegdamo Bossggdobogal. ob
Bodmaggbl BzMom dmmgomtim (Gbo-8mbs3Gobymm) bogogdl
Bosagol LEOYJGNONMmo gPMgNmgdol Dyosdamdy. bos-
039890 sbg3g a93M(39mgdnmos 3593060L SbosMbsGIMbsJ369dals
dgd@gan gmMmdgda: dmmgmn®m madgda, g6gd0 (bmmgdo), bomzqb-
0930, BOMOMEIS 3o3M (39 gdnmo 30Mnsb-3ogdabsbo Jogfdo o
3900, 39¢006-05d5d0Mnsbo sbamddbamal 3mbiMgzngda (ob.
bLyGooma 84).

boooggddo Lygdomm as3M(39mYdm0s 3oMdMbIG ol db-
smbaMmdmbaddbgdo. obobo a3b30098056 Lbgoabbgs d¢bgdcng
Bmbgddn, 3oMmdmbaGmoa dobgdab gogMmzgmgdal sgomagddo.

L@, 70. 399056-01535306M0360 3mb 330930
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3o 309980bs o 39360930b 3oMIMbBsGgdal sbomBamdmbsda-
6980 (CaCO,, MgCO,) gotorme sGob 3536 (39egdgmo 3o330693-
30, Ob-go30Lx396M, 430G 9H s bbgs boswsggdda. 3oMmdmbs@gdo
bbgowabbgs @mmM3ob sbam]dbomgdgdl BomdmJdbosb: godmb-
omadb, dommggdl, bogagdl, 60bb3mgdl, xnbygomdnzgmoydl
(“mdb”), baemgdl (gmgdl), 3mbgMg309dL, 3M0bEGsmydl. 39Mdmb-
58 930b 3060 dbmmn sbambsMmdmbsgdbgdo yzgmadg sbomasbws
BmMEA3gd0s.

L@, 71. 3oMdmbs@mmo sbamddbaomagdgdo

Jofdo, xo39560, IGggd0 BoMmImoagbgb boswaggdolb dggem-
3omgm BM3mbaddbl, MHmdgmo @s3s3dnmgdmmoas boswagbat-
dmddbob dggm 30mmdgdmab (dog. Nsdbmb joMasbo JgMdo).

3963mba@gd0lb sbombamdmbsdbgdol doMomam ©osabmb@n-
396 60ds6L BoMdmaagblb d0dnbol (dbyyoemals) Mgsd0s dofnma-
9935b036 YOMgHnJdggdobsbl. joMmdmbs@mmmds boswsggddo
oB39693L 6obJomBgogal BoMomgdal, M3nMms@qbow, Ca s Mg
bobdoMdyogs doMomgdol sMbgdmdsb.

3oM3mbsBg30b 356b5dm3Ms 39em 89
39Dy 3oMdMBIGMmmMdS a560bdbgMgds boswagal dobody

10 % HCl %38mg39093000. Gmwgbag boswogn 3oMdmbs@mos,
35d0b  doMomdgogobmsb YHmogMmmdobslb dodobgdl  (dbyyob)
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5 353mogmags babdommEgsbao 3md@qdol Laoboom. bosseggdob
boggmyg a0dm33mgg980bol, 3oMHdMbs@gdl sbasmmaona dgom-
oo LodEgMeg9b M0mddnb dogem bmgemomda.

L@ 72. 3063mbs@gd0b aagbs 39mbg 10 % HCI Dg3mJdgmgdoo

Bosogol 3mGabmb@ddg 10 % HCl 999mddgogdom 3go-
dmgds 500b0dbmb dndabal dgdgan 3oMnsb@gdo: o6 dndabgdl,
LrybE O d0dbgdl, d0dabgdl, dmogmaw dodnbgdl (sebsobndbagos,
M3 doMomdysgol bgdmddgegdedy dogboydal JoMdmbo@gdo
993069396 go30mgdom LybEsE, oMy gomEondol JoHdMb-
58900).

39-4 (3bGomdn g3dmbobymos “gom”-b LB b gdab dgbs-
3530bo0, bosaggddn 3oMdmba@gdal dgd(339mmdal 3obbsdrgm-
ob (10 % 3s0mdgsegsb gdmgdgmgdom) amaws3ngdo.
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GbM. 4. 3065mbaBgdnb 333 (337mmbnls aobbabrgms 10 %
domnmdgoagab %ngdagg\)gfﬁom {n3om™-b dobgogom).

CaCoO
o0 6;060 aM505(30900 CaCO, ao6boBrgms 10
Q;/g % HCI b90mddgmadoom
0 210 35MdmMbadmmo o6 dodabgob;
0.2 LnbGow dodnbo mgommam
) 3oMdMbaGmema oM d503hbg39;
510 badgomme d0dobo mzsmom
) 396dmbs @ ymo dgbodhbggos;
dadabo mgsmom dqbsdhby-
10-25 demoge 300, 9500l dgogaoc
) 3oMdmba@ymo bat8modbgds  dJogo o
Rbogds d0d@Egdo;
dﬂ)naﬁ)o 630d(300b BDG\JU—
) a0 bBomdmoddbads  Lin-
>25 030RYMgbe o dogin, doenosb dbmob

Joﬁbm[io@‘ggyn

S godmaymaes o Mo~
m©qbmdab dndEqdo;

Je:bsbg35Mn 5563980b 5b5mb5HIMmbofd6530

30b0b, sedabols, dobasbydal o gymbgmEab gobygdal ob-

SmbBafMImbo3bndn go36 (39 gdmmns Bomgmdnbgddn, yzomagmdo-
69030 s & 9b0sbo LydGHM30 3gmo bmbab bbgs boswsa 53 dn.
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by, 73. 6 3060b 95639800 sbombsmIMbsJdbgdo (ggbomamydo).

®0b056 Bnosg93d0 3060560 sbomBsMIMb36gd0 boMdme-
39600 3mb3Mag(309800, 836356930l sbamJdbomgdgdo 3o - dsgo
ma7gd0b baboon.

L. 74. 8563563056-6 3060560 sbaembsmdmbaddbgdo.

63065-856a569980560  sbombadmbaddbgdol  gm@m3omgdedo
26bgdomn 360d3bgmmds gboggds 33965 gms Bgbgms LobEgdsl,
30360mmAa560D393L, 3ndnbol dmdMsg gMog3090L, GmIgma-
obo(3 MMy ddgmgdolb dgogase bomdmaddbgds 3ndybosb-
63060560 o 3139b0s6-356356930560 sbombsmImbsedbgdo.

63065-8562569930560 sbsmbsMH3MbsJdbgdol yggmsdy dg@ow
393039 gdmmo gmMdss 3mbzMg309, asbbsggommgdom gomdo
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5896056930l 30Mm™dgddn. M 30bal s M 30bs-3563569930560 Sb-
SmBaM3mbsgdbgdol  Lbgoobbgs gm®mdgdo  ©s393d0Mgdaemas
Boo@ogbatdmddbol gobbbgeggdym 3Mmm(39Lgdmsb. @ gbnsbg-
30l 30Mmdgdo 5MLgdoo gogmagbsol sbgbgb M 3obs-3sbgs6430sb0
(M3 g0bgdab) 3mbzMg30900b m@Isbs s dgoagbommdsdy.

Indo-Ombo 6 3065-856356m80560 MmO gobgdo  odoba-
Losmgdgmos Mo  gomgdgdymo  3mME0sb-5696Mgd0bmgals,
3@ 35635693-6 3060060 5 63060560 MGG g0bgdo — LbB o
m9d0sbo s Mgdosbo bossggdobogol, dobasbydnsb-Mjobosbo
3mMb3M9(309%0 (MMGIEg0ba) s dmbocmsmm-Iums Ggab bgmo-
mo dofmm3zgdo (mMEGdobEgdo) Godnmos abgmo gbgMmbacdmJdbols
3Om(39Lobmgol, HM3gmmabsz dgbsdgdamos bgmsedomyymo o6
ammb@ob agomdgds. ghmbsobggofn gobagdobs s 3o63563nls
956300 sbomBsm3mbaddbgda bobnsmogdnsb dgdwgan gmm3gdoo:
Bomgmamgdo o Jgidgdo (Boswsoggdol dbomgdabs s LB -
GOnmo 530935 9d0b bgedomdy — ¢sbgobygMo bogmogm-
9%9%0); magdgdo s mggbmamgdo (g5630bggMa); G 30bols enmeny-
900 (bogggb@gddo), bogoxgdo, sgbggdo. 30bal s Fobasby-
3ol 3b0dbyyema Sbombamdmbaddbgdo aogM(3gmgdyemos 3oMaon
©M9bsg0b oMM gddo.

L. 75. M 3obals madgdo.

63060l g3999630L sbomBsMmdmbeddbgdo sbobosmgdm gom-
L8006 BoooggdlL. domn gogzMzgmadymo gm@mdgdos: sgbzgda
(8m3@Mgobymm), modgdo (dmadbgebm Mubon), gogosbo@ol bom-

Beomgdo (gdxo) @d gmbyMgngdo.
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(3)

by@. 76. 3ogosbo@ob bomgmomgda (3) s moggdo (3).

3omemmgnemn 6563mdmdob sbsemgdboemgdgdo

boosaggddo  gobobbgaggdgb  dommmgoyma (33966 gmemo
o (3bmggmy©o) boM3mImdol sbomdd6nmagdgdlb. dommmayo
obombomdmbsddbgdo gsdmaygmas bagosmal, 3e3Gmemn@gdals,
bogggbyMgdol, Bombybgmomal Loboo. bossgdo (3bmggmagdals
(06005, DoDYbs, Mbybgms ©s Lbg.) ImdBHomdao RBpgds sbom -
Boemo “bmGHmgda”, GmMImgda(z 38mzLgdamos Dgdmesb Bs@sbamoa
3939bmgebo bogmogHgdgdom.

’ i - ik
vy 49 2N
e

y

L. 77. bossggddn (3bmggmyo bgmgmgdo

Fooggmgdobs s bbgs Fgogdolb 3nd-bobmaogasb gL 36g396-
&9d0b Loboo godmymagommo mmEmBmgzsbo BogmogMgdgda (3306g
amMamagdo) bosogol dobob 96909896 s bocImJdbosb 4.b.
Bemmmmaon sbaemdbamgdgdl.
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L@, 78. gooygmgdo @s domo
9db369396@gd0

0530b79396 sbsbsMH3MBsJIbL boMmImawa bl oG mmo@omos
— BobgMomyn Boghmn, Hmdgmoas bomdmngddbgds 339606 9g6do
5 Mg s6mmo 656R76930b odmab 393wy, bosmagdo Mhgds.

39896980/3593b 39380

oabs 80bgMomagdn Bom3mddboshb L3g0R0 NG  Sbombom-
3mbs43693L — mobal 3L 3gdl, mobol bomggbamgdl, mabol Jgé-
498L  bLEENJGNEPmo ghmgymgdol bDgs3omdy. boswoggddo
BOONMEIS 3536 (39 gdNE0 M0b0sb-3dbosbo sbombs@dmbs Jd-
6980: m0b0s6-330bosbo 0x3L 3980 @S Mobosb-3ndybosbo bomggb-
09d0 5369358 9d0b Babboggddyg, “39dnbosb-mabosbo ggbzgde” —
domobgdmo gm®m8al sbambomdmbsddbo ggbggdal gobogomdy.

mEa56mmo BosGIMIMBol sbomBamdmbsdbgdosb smbobad-
bagons 3mdnbob sg3bggdo @s ggbmomgdo bEGYJG YOO safg-
3580b Dgaedomdg 3Mosms msoggdobs s bramgdol Lsboo. 3¢4dy-
Lob sbomBsm3mbaddbgdn asbbsggmmgdoom ©adobobosmgdgmos
bE930b, MImegMmgboe 3Mdnbocm doEsMo boswseggdobmgol (dsg.
d53806580bm30b).
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L. 79. 3mdnbmgseba sggb3gda/3@obgdo

Fomdosb bossggddn agbgwmgds 393mLob ™ EIGg0bosba
dmadmagomagdymo 3mb3Mgngda. 393xLob sbombsmdmbeddbgdols
gmAIgdL sbggg BoMmBmaggbl: 3mdnbab moggdo s bmmgdo, 3¢-
Lol Jgddgdo (dbmaxg® Mo3g60dg doemadg@ Mol bobob).

@gobsmgal gommme 5ol gogM(39mgdymo 39@&obob (369-
35, dbombamdmbsjdbgdl, Mmdmgdaz asdmgmgbomos o3l 3gdals
boboo LEOYJGNONMo 9P Nmgdol (3ggdal), AsbsGmgdals,
J3900L Bgesdomdy, 3n@96gdo gbmmgds. Fu@sbo sgmm0sbydl
35dmygbgdm sbsmbomdmbaddbgdal &gmdnbgdl: mobosbo og3-
b39d0, Mmobosbo mggbmomyda, M 3060l Mmodqda, G 3060560 5x3L 3900,
356356930560 53b 3980, 35¢93060L B0boxM 393900, 3oHdMbBsE MmO
(363039013900, J9Mdgdn, bogzoxgdgdo, dobsgmagbgdo.

30&9b0 560l bossgol dabamalb d9bgdMmogo byosedamgdal
039899mqds3d0, 894960396 dgoagbommdado (&gdLEMGsdn) ©s
LEOYJGNGEodo ImBbEsMn (33mamgds, Mmdgmoai 3odmbgge-
mos bossgol (3omgygymo  3md3mbgb®gdol 3mb(396@®s 3000
56 3mobdob g(33mom (dGgMab Bobggom) “In situ”. 3m@sbgd0
symgomons dgosdomol gm@dal dobgogoom: sgMgas@gdob 34-
&obgd0, bgsdnmol 396530, ZmMgdob 39@0bgdo. dgoagbommm-
d0b dobggom aobsobbgzgeggdgb: mabosh 39@sbgdl, gMmbsbgzstn
95639300 3980bgdl, 35635630l mdbowgdol 39@obgdL, gom(so-
130b 3oMdMBoG b, Mmedsdamals @s BysmbLban dsfnmagdol 34-

&o693L, 30¢18060b 39&obgdL, Mormm 39@obgdL (dgoagbomb Mod-
096039 3sLoemnbasb).

151



bey6. 80. Boogemoa - 3g8s@0@obs (Fe,0,) wolgg@o@ob (FeO (OH))
>3b3920; ygomgeno — gg@0Gob oxbgdo; gMxe — 3aéobgdl
@00 5Md 593L

539M030b  JggFogdam 3Go@goda addmymagb  sbombom-
dmbog86930Lb Mm@ 3emobl: J@&obgdl (sgbigdn) wo 3mMb3Mg(3090b.
3956930 smabghgds dgdmgan dshzgbgdmgdaon: bofabbo s6v
Bogmogo Jgoagbommds; Gommgbmds (330Mg, bodysmm, dgzco
©5 . 3); 353mbo@mgds (bLybBo 56 bm@IsenyMo ©s o. d); sgomd-
©9d56mgmds  (LEOYIGOPmo  ghmgYmgdol 3mE0dmMbE o
Dgs30mhdg, 396036 dysdomdy, gmmgddo s o. 3); Bgen
(a560badrgMgds 3obbgm BgMms bzsmob dabggom).

3™6369(3093380 ngmeobbdgds goblbodbrgMymo Jo8oa&o dgo-
a960mdab Jog560, saommdMogo 3mbiMgogdo.

L. 1. ©3065-856356930560 3mb 3Mg(30900
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abobo BoM3mJ3bnsb bbgoabbzs bnnwol, m@dolb s gl
3oM(33em 3L 96 3 (3908b. 3mb 3G (30980 3obobabrmzMgds dgdwgan
aMs@s(3095000: bogmogcn dgwagborrmds (dofmomdosbn, joMasbo
s 5. d.); BomEabmds (domnsb 3m@o o6 (3mEs, 39360 s . d.);
Lodsg®g (Mo gddas gobfmqbgoom sanbnb: Mdaema, 4s8s53Mqdeemo
3 3. 4.); dmds (domnsb B3Mamo, byGama, bbgnemo s o. 3.); gggea
(5020696985 3obbamob gygFmma bgaemob dobgegom).

“gmom”-b b obmomBqdal Bobgmzom, 3798 560L dqo3obgds bryg-
d> MomEgbmdol, 34bgdob, sanmdogdsfmamdals, 3mbE®aLENL
(a0dmbs@mndab badg3906g) ao@aznqgdom.

J0G°bob Gommnbmdsl 89696 8oL doad assgmafgdbmmn
53619358 960b baws3nmgdol dobgogom. Jobo Mommabmdab wobe-
©a 5650 baMagdmmdgb baswogol majosbmdol, Rsbommgdals, ob-
s Jdbnmndgdabs s bo@MbsGnsbmdols bamabbol asb3Labmgmgmo
bmdma®sdom (nb. byGoma 43).

e 0% (3 HOm0;

e 0-2% domonob 3(3067;
e 2.5% 33oMa;

e 5-15% Lodsgaemm;

o 15-40% dq360;

o 40-80 % dotdo;

e >80% bodomdo.

30E260b dbgds smabgmgds dgdmgabsntisc:

e ®mabosbo;

e mabs @s gMmbobyzem yobagmmadnsbo;

*  oobo-39dnbooboe;

*  ©&Jg3barma bywadntgdo;

e “bemagdqbbonwmgdan”, bobaemmdmag aoms 33gmon;
*  “bemogdgbbonwgdo”, dmogMom aow©sj39moeo;

e 3dbobogo byadamgda.
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Ly, 82. “brmodgbbonwgda” (go3Mosmgdymo s MMIYmosba
bgsednmgdn, MHmImgdas Bodmogdbgds gMon dsbob dgmeg by

LAosmom).

30896900l sanmdgdsmgmdol dobgogom godmaoymaznab:

o 53M73580b bgmedoMgdo;

03M9a580b 39M& 035m0 DgosdnMgdo;
23693580b 3mE0DmbGsmuFa bgmsednmgdo;
dbbgomo gMoa3d96@&9d0;

396930 (mobob 3bwgda);

LozaMmogmgqdo;

56 543L L3y (30BN N0 dSEaomM3EgdsMgmds.

3080930l 3mb@®msbEmmdalb dobgwgoom smobgmgds: .
LybEn, 3obbbgaggdymoa s dgbsdhbggo.

0b3mb3MmImMb336930b bszgcemg 365em0 %0

Lbgowabbgs  Gndolb  bosoggdo  bobosmegdosb dosmmgal
©dabsbosmgdgmo  L3gExgYMa sbombBsMdmbsddbgdom, o3
booaggdal Loggmyg aodmyzmygzgdol EMmML ssgzomgdl osa-
BmbB0 3ol s boswsggdol §03gd0b oagbsl. boswaggdol 3ma-
Bmb® 9330 sbambamdmbsgdbgdals boggmyg sboemabobol s 30mg-
39m0d 506036mb Bsmn dg3ga0 30603g@Mgdo: sa0nmBgdata-
mds (03M935&9dL dogbom, dso ImMnb, 5369858 9d0b bgosdnmdy,
ba3Momgdal 3900mgddg), BgMn, gmEmBs, DmBs, bodsamg (sbaen-
Boc3mbogdbgdol Loggmyg ImEGmemmagonmo smbg@absl gsdmoa-
49b9%°> b398 0, @93s).

154



by, 83. bosaggdab baggmy g3emggabogal bogathem
bgmobobymgda.

boswoggdol Laggmg 3o8m33mg3980Lol ymzgmmazal o6 brgds
obombBsMmIMbsgdbgdals bogmogMma Jgoagbormmdals 503 96s. 530-

@™, booEsagdol sbombomdmbaddbgdol LHmmymgamo 3gbbog-
mobogob ©s bogmogHo dgmagbommdal dobgognm dsmoa jmsb-
03035(300bmngol, LogoHms Jodon@o s FobgMomyn modmMa-
GMOommo sbomnbgdob Rs@omgds.

ILVII. RO65601330

* BoboMmgdo 9bmegds Bosmsggdol 3Mmgamdn dgdmbzggom
dmbggmom bLbgymgdl, Gm3mgdoz mGasbamon 6 30bg-
sefo BoM3mImdabos. Rsbamgdl dngimmgbgdosh, dsgamo-
0@, dmmbiol bogemgda, 3o6dsmbgdmmo (3bmggmgdols dg-
mgdo, bogmxyssbmgzmgdm bsdmgda (sgmn, 3Gsdo@n, 8abol
6o3bbgMgggdo, mocmmbob bogbgdn), 8396560l bodsmbo mgmg-
d0, s dgmmmaon®o bomhRgbgdo s Lbg. Bsbsmgdo Bamdmac-
39696 6oosal dsbado goMase gedmymagam dmMgmmmann
993968 g0b, Gmdmagdas 396gbobyMaw 56 5G0sb s 3533060 -
b0 bossoabsmdmJdbol 36m(39Lgdmab.
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L. 4. Robosmogdo

e Robommgdl, domn mmgammn@o asgM39mgdob gs8m, boswagal
030b98930b sbspanbsm sMbgdoma 360d3bgmmds sGs dsdzm.
doa M3 bmgngMam dgdmbgggedo dom sdmgg9b a6 339 3603-
369mmmdob. bosoggdol sbogolb aobbobdmgMob Mmb 36n3-
369tmmz560 0bgm®Mds(300l domgds dgbadmadgmos domda s6-
bgdmmo Rsbommgdoo — sBdgmmmany®o bamhngbgdoom. sds-
Bbgem  Boswsggddo smdmhgbomos dzgmgbo  9s8056580b
IMogommnzbmgsebo Lodombgdo/boamdgdo dMsgsmeygMmmgaba
05M5m 95005 © bs 3gmmdgdoo.

by, 85. s Jgmemmgomo
asmb@gdom sm8mABgbamo
Robosmmgdo
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Robomagdol  Lob@gds@ogsdn  gsdmaymaezs dgdgan
X3YBYO0:

* SbAM3MIMMRBJd0 = SbHM3magbya RoboGomgda: sam@ob
bo@gbgdo, dobob 653LbgMgz9d0, 3968030L 63383693930, mo-
ombol bsabgdo, bsdsmbo bsdmgdn, MmImgdoy dgdmbggzacm
dmbggmomos boowsggddo s 39x96@nmos 3mMHobdmbEqddo.

* b0m3mMazgdo — 3(3960Mgmmo s (3bmzgmMo boG3mImdab Ro-
bomgdo: (sbmggmgdol dgemgdo, Imemab 3930b Bogsmgdo, gqb-
39%0b o MgfMmgdal 6sdaMbo 6sdmgdo.

39039800 356b5bx3645 bszgemg 30mm393dn

boooggdolb s domon (39mm3gnmo ImEobdmbEgdalb Boymen-
96930b 3603369mmz56 ©0ogbmbG e 3oB396939mb BoMmImaco-
396L d(39bsMgms x3gbggdol Momegbmds, 8sma go3M(39mgdol
Lo®M3g. LbmMge od0@mad, Loggmyg 3amgzabsb, ©g@smNMow
om0byMgds 3(39b0Mgms Bgbgms Lab@gdol gobsbormgdal bsboson,
Mobogobs(s 0mnbodbgds gbggdol Dmdgdo s Momogbmds.

L. 6. Bgbggdal oMgsmon boswsadn

bosoggdol 3Mmgomoal baggmg dmMgmmmgon®o sbsmab-
obob, bos@sad(3mmbggdo 3gbggdolb Mommgbmadal 535 mv) 03 3mo-
Bmb&do 0Ly smbgMgb, Hmam(3 53sb bgooggb (gb BobL) bosseanl
FOomob 3909mdg, Mol gs3m(3, Rggnmgdmog, asdmaygbgds bss-
doma bydogd@neo 3Gndgmondgdo.
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R9b3980b MomEgbmdol smbgMmabiob dgadmgds g0dmygbadme
0464b dgdnan bzome:

56 o0l g3qbgo/mnqbgm %39b3960 56 hoblb gMamob 3ygmby;

900 gnmo 3qbggdo 1-2 boemgomn g3gbga (133 bobdab);

0dgosmom 13gbggdo 3-7 3qbgo Bobl (133 bLabdab);

GMG> gqbzo 7-15 (1383 Lobdob) bomasn gqbzo;

693M0 Bgbgo Foeob ggrmoeb mommygm gzee®ed o
©9(30398O g 90l Modgbndg g39bsoe;

bdoFo 3qbggde %39b3930 §86056 g Msb/dnnsh

390 3obger Jbgerb;
3JOO@O 3mMabmb@ols mzmemmdal 50

%- 898b 139b3 930 d9o0a069b-

qggbga&nb (bmagiﬁnb (3d-000) aGomnGn  obobosoy-
doborgob aodmnygbgds dndwagan dohzqbgdemada:

dnbabs i39bggda <0,133; bLadmomm g3gbzqde 5-1038;
1b3M0mabo g3gbzqda 0,1-133; 8Lbgoemo 3qbggde > 1039,
doosb bamoemn iqbzgdn 1-2 99;

6860@0 (BUL)SO&O 2—5 88

39b370L ombyMab MomEgbmdal (s0 o0l gqbgn, dognasb
3™&° 3L30, 3™ES Babso, FoMdo Bgbzadn, dgzMo B3qbga), bmdy-
dob (6300, Ladyomm, dbbgomo s oo dmMob goMEadagaemn
3mabgdo), 8eogdamamdal/aobmsagdal (6bsmgddo, Rsdmbsa3396dn/
Logyq6dn, LEMNIG PN 369358 90L dmmob, doge 3mEnbmMb-
80 0150b56Ma ) Bnbyozam.

“Rom”-b LB ebmsmE gdnb dgbodsdnbow, baswsagdal 3Gmenen-
30 39b3qdab gobobnmgdal Dmaswo sbsLosmgdabmgolb bs38ofn-
bos: 8) 3qbzgdal MomEabmdabs @s 3) dmdgdob ombgms. g3gbggdab

GomEnbmds 39mby nbmdnds 33000 (3099 Mq8d0 (d7%).

) 39L3gdob MomEabmdol 3ohgz9bgdmado:

56 3Gl 0

dogmnob (3m@o 1-20 d”
Gm@o 20-50 (982
bodmomm 50-200 d”
Fo6rdo > 200 d?
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3) B9Lggdolb Bm3gdal smbgMmabal go8maygbgds dgdmgan afowa-
(30900:

©05dg@& M0 (33-0m)

domosb BgGomo gqbggda <0,5
b3Momo g3gbggdo 0,5-2
bodmamm gbggdo 2-5
dbbgomo g39b3z980 >5

ILVIIL. &36006M3d

boo@aggdol 3Gmagomgdol ImGGmmmaoymo s0bgHol EMmU,
Logomms 30bmamamo asbobabdmgmmlb G gbosbmds, Gmdgmocs
B3obEgds (39m3gPmo IMmEadMbG AL {gbnsbmdom, Moz Lodm-
mmm ®8do gobbabmzMoglh 8omnsbo 3Mmgamol @@ gbnsbgdals
baobblb. dmGHgmemmgoynmo smbgMobsb bossggdol smbadbymo
&gb0sbmds o6 BaM3maagbb @nsabmb@ngnd mgobgdsl, Msd-
©gbs03(3, 9dMagmab dgdmbzgzedn, 360d369mmzba s LbMogswm
(335mgddom3L  @Mmdn. dombgosgem 880y, Laggmyg smbBgMab
Mmb, 6ossggdol &gbnsbmdal dnmomgds doemnsb 360d3bgmmgos-
Bos bbgs BmEgmmmaoym®o 60dbgdolb LEMMO 0b@ M3y s(300bm-
300. 60osg980b BgMn, LGOHNIENMS S 5390mgds &gbosbmdals
dgbodadoba n(33mgds, 8308 m3, §9b0sbmdolb gobbodbmgmsl dmem-
BmEmanm®o 60d56-m30bgd980L LEMG0 ©o©agbobmzgol, owo
360d3bgmmds 543b.

> 73

L. 87. bosagnl 3dGMomo s bm@om 6083gdo
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B96056md3nb bszgemg 9mbgms

$9b0sbmdal baggmy smbgmabols dgodmygds asdmygbgdaem

n4bsb dgdwaan 3Mn@gMaydgdo:

ddMomn bosago — bagmolb dabgdoom §abo 56 na®dbmds,
353mdOM0bol o6 mas3mgds o bymob @sds@gdom dvdwgds;
430d0560 bosagol 6odyda momgddys dmbEgbzom 0demads
(3900397 o33 ada, MobbaMo s mabasbn boswsan 3@-
396006705 ob ndmgds Lbgzssbbgs Demdol dogo® 3md@ndao,
bg@b 56 5303500,
3mbLGnsbm bosmogn — of IG39Mndboady (1?0(7)363‘@0 Bmif—
fqbgom, baemob dgbgdabsl LogGomyg og®dbmds. 3080560
bosaan ndmnds JoG(33em5d5© 05 383 30(31 237398 705;
@0bbsfn s mobasbo baswaggdn ndemnds dbydad 3md@qdsw.
358m3d@m3nbol m860d36gmmm mnogwads, bymol ©sdsdgdom

dwgde.
bab@nobo baswago — momgdol dgbadom Lobylig ngfmdbmds
@5 bno@saan 989bnobgdL oMol Jomaeb. 43dmdmmdabab
3b0d3bgermsbom mnogEads, bymol ©sdsdgdom of 8vyjwn-
ds. 4ands boswogo 33qemos s 5 ademgds mogobaemo
3oy damamgdow, baymdo dmbmgbgom o@ nbotRabg-
3L Bnboggdmem ggm®dsb. ddady 355603060 dqwanbormdals
boswognda bgemb o(30393L dgbgdobob @s dmb&mabob dgdwag
0bo@Rmbadl dnbadgdgm gmmdsl.
&qbnobo bosaga — bamalb dgbgdom §gbo 0amdbmds, dbgdado
89dobogu®o dgmagbommdol boswsgo ddyemos, momgddye
3l gbom o6 ndemagds. Mmobbafmo s mobs baswaggdo momgdl
dmEolb ImbEgbom obamgds o 3oMasw amgdb bbzowsbbgs
Bm@dslb, 93360l momgdl. Bgbosbo boswoan as3mdcmmdal
Mmb 0s3w98s, Bymob ©sds@gdom o 34 Jwogds.
Lgamn Bossgn — mamgddas 3mbEgboor baowsanl bnddgda-
©5b
Bysma dmygmbagb (Bysma dmymbogh basogmo gfomal 39-
yedyE)-
03960 30l dggFomgdae 8@ qddn, Gnbosbmdals 4obbobmgm-
nbmsnb ImBrgmemmanamn smbg@ob Qﬁ)mb a5dmoynbagds dg9-
ggago 80333@)6@360 ddmsmn, §nbosbo s bgaemo.
“gom”-b LBobwaMmEJdals dobgogom, Lyggmy 3oMmdaddo aod-
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moymRs B gbosbmdal dgdwgan 3Mn@gmoydgda:

* donsb ddMsomo — boswsgob badyda Jogoing, dbgemaw obfnbg-
ds bgemom, abggemgdal dgdoga 0mgdl domosb 34 aq@b;

J 8860@)(} = boosgal bodndo o 38 3Mnsbmyds, bymom dbamow
obMobgds, obggmagdom dobo gg@n Imdogdos;

e byb@ow $9bosbn — bodyda o0& smab 88 3Mnsbo, obigemndals
d93m9a mwbag 39 wgds, bgmdo sznmow obﬁmbgbo

* B9bosbo — boswoanl 6ndydo abgdnds, momgdal dgbgdoom oa-
dbmds §gbo, bamb 530398L, Lyb@owm dBabaglb, sbzgmgdam
R39GL o 033mob, bymdo sanmo ob®abgds;

* bggmo = bosagal 603dal g8 gb30b dgdwga Bymab 6390980
Robls, obignmgdom ggeb o6 o(33emol;

e dogmoob bggemo — Boowogolb 60dxdby Roblb Bymob bB3q0m980,
@ob39ergdob dgryas oMb > o3gemab.

boggmyg 306mdgdda Bgbosbmdal asbbabmg®s odmags
bomobbmd@mng, yz9mobg  dasbenmgdac 860d36mmmdgdl (B3
LENmosE bs385Mabos FmBamemann@®o sbaemnbab Fobbobmgol),
Mmdemgdog dgndmnds aomzamabbobgdaem ndbols bbgs nogbml-
@)odmﬁo/amﬁqgﬁ)g@mgnmﬁm msr)bgi’)gbnb (Cgaﬁm, b@)ﬁ)@d@‘gtﬂo,
5a90mgds) obsanbom. smbabadbsgns, md  jumEm&ramn
d(3060M9980L BMa-aobgomamgdabmizal yaqemoby 3980 m3Eo-
doemfos 3mbab@nobm s byb@naba boswagqdn.

bos@oggdab baggmyg ImGgmmmany®a sbomabol ™,
bosoandol ¢ gbnobmds Dmasmam snbgmgds o obo Mamwabm-
3050 dohgnbgdmadol dobamgdow ogomgdgenns (medmMa@mo-
Dm0 dbamabyo godmizemgzgoal ho@omgdo.
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Soil Morphology
(Short review of Guideline)

Macro morphological characteristics of soils are outlined in the
Guideline. This is onc of the important issues because according
to these characteristics soils differ from cach other as well as from
other natural bodies. Data of soil morphological description define
its genesis, classification and agronomic propertics. Determination
of soil morphological characteristics under ficld conditions has great
practical valuc.

Modern approaches and International standards of morphological
characteristics have been also introduced in the Guideline which is
a novelty for Georgian soil scientists and for other professionals as
well. The mam chapter of the guideline includes many illustrations
(provided by prof. R. Weismiller, UMD) that can help the readers
visually to understand the issues described.

The guideline consists of 3 chapters and a number of subchapters.
[n the first chapter, issues are briefly described that are related 1o a
complete investigation of soils under ficld conditions such as:

e Pre-investigation  activities  (setting  purposc/objectives,
preparation and recognition of cartographical materials and
cte):

e Information about the soil profile and its tvpes:

e The rules for taking samples from the soil profile;

e Lquipment needed during the soil investigation:

e Description of soil profile under ficld conditions and at the
same time the importance of a ficld formulary;

e Description of soil morphological signs by code svstems and
its importance:

e Dctermination of some chemical (plt: CaCO _ readily soluble
salts) and physical (texture, structure. bulk density) soil
propertics m the field:

Soil formation factors (such as climate. landform. parent material,
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biosphere, time/age, and human activity) arc outlined in the second
chapter. The soil is a final product of different soil forming factors:
thercfore it is necessary to study these factors and their influence on
soil properties while studying soil genesis. their use and protection in
agriculture.

Chapter 3 includes the field description of soil morphologic
characteristics in detail (profile composition, color/coloring, texture,
structure, configuration, ncoformations. nodules, humidity) according
to both, traditional and modern standards:

The soil profile composition reflects a common feature of soil
formation and shows also the changes in morphologic characteristics
from the surface to deeper horizons over the whole profiles. The soil
profile composition informs about the character of soil formation
processes. However, profiles of various types of soils are different.
The difference between profiles means also differences in the types of
soils that create the soil cover of the carth, i.e. the pedosphere.

The subchapter outlines the types of profile composition, diversity of
soil profiles and their horizons. Here, we also analyze the symbols
of genetic horizons developed by the V. Dokuchacev Institute of Soil
Scicnce, (Pochvennaya Sjomka, 1959), as well as the international
system of horizon symbols uscd at the world wide level, e.g. developed
by the US Department of Agriculture (USDA 1951: FAO, 1967). The
subchapter also includes the main types (organogenice, eluvial, illuvial
ctey and subtypes (peaty, turfy. podzolic, illuvial-accumulative.
illuvial-clayey cte.) of genetic horizons as well as the diagnostic
horizons of the WRB (mollic, umbric, histic, gleic. calcic etc.)
including corresponding illustrations. The subchapter also includes
issues related to the definition of horizon boundaries and their forms
reflecting the character of transition between horizons in a profile
through the forms of the boundarics. We give a detailed deseription of
simple and complex types of profiles and field rescarch conducted on
profile composition.

Soil color or coloring is onc of the most significant morphological
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signs. Soil color mcans not only coloring but it also involves the
character of colors distribution within a soil profile or a scparate
horizon. Soil color reflects peculiaritics of soil formation and as one
ol the main diagnostic signs that indicates the processes going on in
a soil.

The subchapter also describes an agronomic significance of color and
methods of 1ts identification under ficld conditions. IFor this purpose,
we mntroduce “Munscll color chart” which is a novelty for students of
Bachelor’s and Master’s degree courses. To identify the character of
soil coloring (mottling) we usc internationally recognized schemes and
gradations (size. amount, contrast, ctc) (USDA, 1951; FAO, 1967).

Soil texture, as onc of the morphological signs, has a great practical
significance. It influences air and temperature regimes of the soil and
its ability of adsorption. The content of nutrients in soils is also in
direct relation to the texture of the sotl. This influences on the rules of
soil cultivation and application of fertilizers.

The subchapter also outlines classifications of mechanic clements
(classifications developed by Kachinsky and  scientists of  the
International Society of Soil Sciences), the descriptions of mechanic
fractions and the mecthods of soil texture identification under ficld
conditions. It also includes some of the organoleptic mcthods of
identification of soil texture (FAQO, 1990; 11. P. Blumc, 1995).

Soil structure is an cssential characteristic of the soil morphology in
order to determinc its genesis and practical usc.

The subchapter also describes the morphology of structural units (size.
shape). being recognized as international standard (with Iess significant
changes). It also gives classifications of structures developed by S.
Z.akharov and the American school. The subchapter also deals with
the factors of structurc-formation and the issucs of its agronomic
significance, where the diagnostic indicators of structural aggregates
arc analyzed in accordance with the American and FAO standards
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(USDA_ 1951 FAO, 1967) during the description of soil research
conducted under ficld conditions.

Soil configuration, as onc of the morphological signs, is a reflection
of soil density and porosity. Soil configuration has a great industrial
and practical importance which conditions the amount of the fuel to be
necessary for soil cultivation, as well as the strength required for plant
rooting and sced germination ete.

The subchapter gives a definition of the soil porosity and density as
well as their agronomic significance. It also describes various types
of soil configuration (weakly-porous. porous cte), and porosity. 1o
identify sizes and numbers of pores we introduce the gradations of the
Amcrican school. The subchapter also gives the categories of density
(solid. loose cte) with corresponding illustrations. It also outlines
propertics of soil consistence plasticity and stickiness as well as
methods of their identification under ficld conditions.

New formations arc morphologically well-developed  substrates
which differ from the soil body in composition, which was formed in
the process of soil formation.

The subchapter describes neoformations of chemical components
(casily soluble salts, carbonates, sesquioxides cte) and its biological
origin. Their forms arc also analvzed. It also gives the ficld rescarch
gradations of identifving carbonate according to FAO standards (by
application of 10 % hydrochloric acid) and indexes specific new
formations 1.c. cutans (quality or substance composition; amount,
expression (weak or normal, cte); location).

Nodules arc bodics that appear in soil profile by accumulation. They
often have an organic and/or a minceral origin. Nodules of mineral
origin are stones. pebbles. mollusk shells. Organic nodules are plant

roots, bones of buricd animals, fossil plant stalks cte.

The subchapter includes detailed description of different groups of
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nodules and their importance. It also includes the description of roots
and skeleton. Their ficld description gradations are given according to
FAO standards.

Determination of moisture under ficld conditions, both in national and
forcign sotl science. gives qualitative and the most closer definitions
(serving the purposes for morphologic analysis). that can be used for
dentification of other diagnostic/morphological propertics (color.
structure. configuration). In order to receive quantitative indexes of
moisture it is necessary 1o perform lab tests.

The subchapter also includes criteria for the ficld description of
moisturc according to both traditional and FAQO standards.
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