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Efficacy of Spanish River Carbonatite Applications into Agroecosystems

VBT IR toa AEAOW AR S R G A S FTBCR

Summary #fit

Introduction 4} %3

Boreal Agrominerals Inc. (Boreal or the Company) produces and markets, under the labels
“Spanish River Carbonatite” (“SRC”) and “Volcanic Minerals Plus”, a naturally occurring
alkaline to ultramafic agromineral fertilizer and soil remediant for which there is growing
demand as the world moves to more sustainable agricultureal practices. SRC is produced by
Boreal from its 100% owned rare mineral deposit near Sudbury, Ontario.

3R F (RAREEEEAE]) DT mRIRE A" (EAR“SRC”) F“ X LIF HPlus

(Volcanic Minerals Plus) AR5 Az P2 FIEE B R S8 7= A2 PR AB 14 21 e SRk I R 24 FN 1342
EH, Nt FAE R B E AT RR e A Al S e . SRC T THESIE M 22 KIS 48 B B
B 32100 % 34 B A 07 e AR 0

The efficacy of utilizing agrominerals, (rock dust), in agriculture to enhance crop production
has been bolstered in recent years by earth science, geomicrobiology and soil microbiology
discoveries. The application of agrominerals has been documented for a better part of 300
years with a strong correlation of positive soil and plant affects associated with ultramafic
rocks.

UTAESR, WERRLY BT EY A LR E Y A R BURHER L R B Yk 4 Ca
4 fERfE BR A TR IR SR A SCIRICHEE 3002 E R R LR BN 5
FEBEBR U0 B DIAH 5C Y S RAE ) S ARAR T o

Renewed interest in the use of agrominerals to address soil health and plant nutrition has been
the result of the following factors:

X T8 T 24 0 ik o S RERIAB 498 57 1R ABUEE 37 7 A B DA BRI 3R 2 ) -

1. The organic agriculture movement, where the use of synthetic fertilizer is prohibited,
instigated the investigation of alternate soil/plant fertility methodologies. This
research led to a greater understanding of the role microorganisms play in cycling soil

chemistry. £ 11 £ Fl-& AT EHA A VUK OLIZ ShHES) 10 RS AEYINE 177 12
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The increased awareness of soil microbe ecology has brought soil health to the
forefront. The assessment and criteria of human activities on soil quality has not been
defined. Yet it is generally accepted that agriculture has had a negative impact on soil
quality through loss of organic matter and soil aggregation resulting in changes to soil
microbial communities that ultimately affect nutrient cycling. On a greater scale it is
becoming apparent that soil plays a major role in global chemical cycles, particularly
carbon, nitrogen and silica. ffiFE N0 TIEAE YRR NI &, IR
Al H 22 2R o ANZRIESIX T LIS IR IR HE R TR E . AR AT
W IN R T AU L3R AR R A, Ok B3R A T i, S
BRI R AR, GG IR . TEHURTEREY, L3 ES
BRACSAIEIA P LR RN, Rl RAEm. R A bRk,

The United States Environmental Protection Agency stated in 2000 that agricultural
pollution was the leading source of water quality impacts on surveyed rivers and
lakes, the second largest source of impairments to wetlands, and a major contributor
to contamination of surveyed estuaries and ground water; major culprits being animal
waste and fertilizer. € [ FREEIRIPE 20004545 i, A Mki5 Pt iX L2 37 1 25 i ) i
FHTA R B ) £ BRI, RIS A 58 — JORIR, e A2 1 it
KIS G 32 B — — T A SR A 1 R S SRR -

Energy use in agriculture; though the existing research into this question is far from
clear there is general consensus that agriculture systems must become less reliant on
non- renewable energy resources. Though requiring substantiation the use of
agromineral resources within close proximity to established agriculture regions is
sustainable and more efficient then refined mineral fertilizers. 48 [V B4 GE J5 46

— — B — MR B ISR AR, (HEE IR, Rk ARG
DRANT FRAERE VR AR . BARIETE BAIESE . HAE T S A RO R Il R
WA PR TR AR IR B I AL

Ultramafic rocks have been cited for the potential to accelerate sequestration of
atmospheric CO». Zhaoliang Song, (2012), goes further by suggesting that part of a
strategy to accelerate the sequestration of atmospheric CO» through soil-plant
systems can be accomplished with rock powder amendments. Katherine Keller,
(2012), argues that agriculture has affected silica cycles through the depletion of

phytolith1 pools and the contribution of soil silicate minerals may become a key

contributor to replenish depleted pools. FEEE T A A #EIA A T HE N KRS =
FAIRMEAE . REESE (Zhaoliang Song, 2012) #E—-42H, Bl A HHEIERT
PLSZPLER 418 1 3 - M) R G0 i KR EAL IR I R R KRG . DLk Bl



(Katherine Keller, 2012) AR, Rk E?éiﬁﬁ*ﬁﬁ1$1}§m THAET R T 48,
ACRERIEIR , 3R EERR SR WA o R VT BB A #h FEFE B R SRR &

6. There is sufficient confirmation that nitrogen fertilizer stimulates microbial growth
though enhanced use of soil organic carbon, (Westerman and Tucker 1974). Loss of
organic matter through tillage and fertilizer application has resulted in organic matter
at levels not adequate for the requirements of resting soil microbial populations,
(Anderson and Domsch 1985). There is a growing body of research that is indicating
that agromineral amendments and specific mineral types accelerate organic matter
humification to the benefit of soil microbial communities. G 702 FIEPEFRH, FE
A g A AT LR A ) FH R RS AR 0 2E K ( Westerman i Tucker, 1974 ). #f
VERIAE 1 A A WU 2% B BT PUTU S B L DL L B LISBA Mpi e
75 2( AndersonfliDomsch, 1985). #ORBZ KRR, K ATH P18 BRI
R IR AN T ARSI . AR T LI YR

Major scientific advances across a broad spectrum of disciplines have established that soil/
plant/food/nutrition/health webs are infinitely more complex and interrelated than previously
believed. Geoscience’s major role in this new multi discipline science paradigm has yet to be
substantively recognized. The global imperatives for environmental and ecological
sustainability, along with safe and nutritious food will require the advanced capabilities of
geoscience; in particular the study of the reactivity of unique naturally occurring minerals in
various soil systems made available by complex biological/mineralogical interactions.

BRI R RRH AP R TR, L3RR W E TR R M 2% L URT A A Y 2E
RN 2% HAR TR HUERP} /i 5 AR RIAERT 0 2 SRR ) e oA 2 52 Bk
INAT o BN T IREEAIAEZS AT Rk DU 2 e IF R B I oK, ORI T Bk
Rr2 A ek RE 115 R 1 52 2% 0 A 0/ ke LA TR 848 o L3 AR 4 rp URR ER R
IR SR o

“Phytoliths are rigid, microscopic structures made of silica, found in some plant tissues and persisting after the
decay of the plant. These plants take up silica from the soil, whereupon it is deposited within different
intracellular and extracellular structures of the plant. Phytoliths come in varying shapes and sizes. Although
some use "phytolith" to refer to all mineral secretions by plants, it more commonly refers to siliceous plant
remains.” https://en.wikipedia.org/wiki/Phytolith “fE i B = E AL REL BBy RAF R T &5 44, ZEAE 4.
AN R BUIF A Y REWUE RREEAFTE . X SR T3 e 4 flfi, AT K HOURRTEARR ) ) AS ) 2
N R NS . FEREARE A FTRAAR N BARAE L A8 AR R — TR IR AR A I T A
WYY . A0 L A RS REFURA SR /K . “https://en.wikipedia.org/wiki/Phytolith



It is has been Boreal’s mission from the onset to bring geoscience into the sustainable
agriculture debate. Commencing in 1996 the founders of Boreal have attempted to
demonstrate that the judicious use of ultramafic rocks, in this case SRC, with a carbon source,
could stimulate soil biota to sequester atmospheric carbon and nitrogen, improve microbial
habitat, supply mineral components that will enhance soil formation resulting in improved
exchange properties and supply essential macro/micro nutrients. Validating this would result
in a significant change in soil nitrogen management and an overall reduction in fertilizer use.

MHIERF} A TF R B 0] RO AR E — B FOR A i a o 1996TT 4R 1 3 1 A1 4 A\ i IETIIE
HAGnAnT B L PR BB IS . FESRCAT TRRIRIIHOL T . A vl fig Bk A W A K
SPEIBRRIR, fem LIERE IR AR, (LIRS 50 23 N 1 S PR TR SN i
1 AR RE RN B A T B W IO E 37« INREIESE X — i, Bl DR RS R
R HAEALAE 0 TR Ao o

Boreal initiated its first academic partnership project in 2013, with Dr. Frédérique Guinel
from Wilfrid Laurier University, to explore the effects of SRC. Findings from the project,
funded by OCE's VIP-I program, showed that on-site plants were colonized by mycorrhizal
fungi, indicating a symbiotic association between fungi and roots of the plants. Furthermore,
legumes exhibited rhizobial nodules and sweetfern displayed actinorhizae, indicating the
existence of several types of nitrogen-fixing bacteria in the deposit. In James Jones’ recently
submitted thesis, “Spanish River Carbonatite: Benefits and potential for use as a soil
supplement in agriculture”, SRC was evaluated to investigate the optimal concentration that
most benefits the soil, microorganisms and plants; the impact of SRC on the important
agricultural symbiosis between pea and rhizobia; and lastly the manner in which SRC is

EA13

stored. A number of key observations such as’ “plants were more photosynthetically
active . . ..” and “plants grown with SRC gain more nitrogen per amount of carbon invested
in nodulation . . . .” has resulted in James pursing his PhD thesis and bolstered Boreal’s

marketing efforts.

3/ E] (Boreal) F20134F 5 & K7Hi /R K2 (Wilfrid Laurier University) )
Frédérique Guinel{lf 3L R J3zh T EH MNMEARSIET H . SRR EIE T iRIREE S (SRC)
FIFEIE . %00 H f 22 RIg A siBidt (OCE) RYVIP-IH H % B, 45 ExR, By
BRRE R Y, RHEFE SHEYRTZ MEEIRER R WA, SRMEYRIHR
JEAWEETY, FBRCGRILHZ R, R 2 P2 AL [ S A i o e 30 B it

(James Jones) Hii$e MBS VUL IBRIRE A0 AE Aol A3 78 70 AR 28 4 A
B, PR RERERER S (SRC) #8417 TiFfl, DIFREAR T 138, Ay
VI RAE WS, PIPEF W REREL S (SRC) Xt 5.5 4R Ji 1 B 2 Rl A 1 52 Wi
W JE RFHE VIR R IR Eh A (SRC) M. —BUCERMIEREE R, -t 2ok
ATEME...... PRI Y EE IR AR R ER A (SRC)  Ax K AR TE 45758 H 5 N\ B A ke 2 W) 3R
BEZMA...... S AR AR 85, ISR (Boreal) 4REEPE(T
T



In a recently-funded NSERC Engage project, Boreal will be identifying plant communities
present in the natural SRC deposits and whether these plants may be accessing nutrients
through association with soil microbes; in that context, the nutrient status of these plants and
of their surrounding soil will be determined through the project collaboration with Dr. Petro
Antunes from Algoma University. Currently Boreal, Wilfrid Laurier, Algoma and Waterloo
Universities have submitted a grant application, “Microbial Community Analysis Related to
Plant Growth Promotion by Spanish River Carbonatite” to the Ontario Genomics Institute.

TERGE B NE K B AR A TREMRZ R4 (NSERC) 25T HH, #3EA A
(Boreal) W#fiE fA7ET HARAVIE A RIR A (SRC) W IR H BUAE Y HEVE DL R X S
Y75 v RE BT 5 IR AR I RO E SR TERXFMBOLT . X Seb ) 2 HR
T E SRR UK 5 TR BFFS K% (Algoma University) [JPetro Antunes f# &
. HAH3EAR (Boreal)  hNE KI5/ Ei/R K% (Wilfrid Laurier)  FiJ/REFFS K
2% (Algoma) FI¥EEKSE K2¥ (Waterloo University) B[22 KBEEE R AH A 75 iR 2e T
— 1 PHIE ZF IR IR 2h 5 1 BEAR Y A K S AR V% 4 > I B K S o

Though Boreal has long recognized the relationship between microbes and minerals the
current research has resulted in investigating opportunities that the company did not consider.
As well as synergistic relationships with carbon companies Boreal has also worked closely
with biological companies such as Mikro-Tek and Earth Alive Clean Technologies. Today
every multi-national biotech company has acquired companies that have developed microbe
symbiant products for sustainable agriculture markets. The possibility that the unique
geological footprint of the SRC complex could produce unique soil microbial communities is
an important market opportunity. The current research project represents a living laboratory
where the study of distinct evolutionary changes in soil biota is occurring as a result of the
inherent geological landscape.

REESEREINREIGEY ST MR AR, {5 HE AT R elE 7 — A FR
BEEBIHHENS . FRSRARBIER RS, 3% 5Mikro-TekflEarth Alive

Clean Technologies¢ M) A R H H VI G AFE. W45 FE AW AR 2 mIHRIOW 1729
RO T T R AR = M 2 &) . SRCE A Wik i i 2 300 A 7T R F= A
MR IR . KR AN ERNTLS . HATRIR S H AR T AN
Az 0 S ZE R 9 S A AR AN [e] B AR 2 p T A A TSRO T e 2 Y o

To address the geoscience aspect of the SRC complex and the effects of SRC amendments on
geochemical cycling of N, Si, and P in soils Boreal has begun to collaborate with Drs.
Corcoran and Webb from the Department of Earth Sciences at Western University to study
the geology of the deposit. The scientists have agreed to put together a NSERC Engage and
subsequently a NSERC-CRD grant application to hire MSc students.



N T ROEPEIEI I RER Hh e (SRC) & AR HBRBL7 0] & DL WU E 27 T B IR #h
(SRC) BRI 3 4. REMBE (N, Si,and P) HERILAIGERAIFE I, 3L A
(Boreal) &4 5PEERA: (Western University) HiIkFR} 2% Z flCorcoranfil Webb

TE1E, AT RS . BPRINCFREEMER A AR TEMAE RS

2 5TiH (NSERC Engage) FIIEAR B ARFHAF TR L2 RS MEWE A ER
(NSERC-CRD) #2719 & H I HOE— R RIS TR LA LRI

It is the goal of Boreal to substantiate through collaborative scientific research and a long
term on-farm trial with industry partners the green mining economic opportunity. Boreal’s
long-term strategy is to build on the company’s first asset, the SRC deposit, which will
facilitate the creation of a Canadian agromineral company that not only profitably exploits
mine waste streams but follows in the long tradition of Canadian mining excellence of
applied geoscience technology.

32 7 B br A 5k SR A ERE AR SO EEA T IR IR i B IE S22 (™
MBI E. RIS R S AE A RIS — % 7 — —SRCHIR b, XKBABT
WL AV E R A2 ], 2 AT AR A HOF R LR Wi . Bl
FRGEAE A RN EE R RA b5 5B B FH HIER AR

Background #% 5

The Spanish River Carbonatite Complex PYHE A [ is £h 1 5 &k

Alkaline Rocks

Amongst geologists no other rocks have provoked such interest as the alkaline or alkalic
group. This fascination is out of proportion to the number of occurrences where less than 1%
of igneous rocks are classified as alkalic and yet one third of all rock names are alkaline; a
total of more than 250. An explanation of their unique suite of minerals and incredible
diversity of chemical compositions exceeds the boundaries of present petrogenic theories,
(Currie 1978). Though the origins of alkaline rocks is fraught with debate generally excepted
conditions to formation are proximity to crustal plate boundaries, a strong association with

tholeiitic basalts2 and the very deep source of parent magma; often greater than 50 km.
XHHIBTA R M S AR AR RS A REAR B s s 25 A — RS R A AT %8
KIBEAAREN % P 2ok, X5 ENKBEAOARLG, mMraanhaE=02

TR — — S 250 . FOMARRE AL S R A AT R A A 2 AR
H T A RE PSR (Currie, 1978) o BBV A R IEFER 74, HERT

BT M X — b . OB S PRE AR A ISh . SRR R TR
FR R IEAH SRR — — B H KT 508 B,
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Alkalic rocks are characterized by concentrations of alkali metals greater than normally found
in igneous rocks. These ultramafic, (ultrabasic) occurrences chemically have low silica
content, (less than 45%). Ultramafic rocks as well as low in silica are rich in magnesium and
iron minerals, (normally greater than 90%). Ultrabasic (alkalic) are rocks that are low in silica
and not enriched in magnesium and iron minerals; the best example being carbonatites.
Carbonatites are often referred to as complexes because the mineral zonation is ringed;
alternating from alkalic, (ultrabasic) to ultramafic.

BB 25 PR e LR T B R Mk B LU K B v DU B o X SRR R ARk
W BB A S’ ONTF45%) « BEBEEgREAMRHER SO HSHEE
BRI P GEHE KTI0%) o @l (Ultrabasic) & A fbiES B EANE S8
T W S A — —RIFR G TR RER A . BB EEE AE S, H T Y4
PRAR A — — PRI R Bk B e 5

Figure: 1 Igneous Rock Classifications & {75 4325

Figure: 1 Igneous Rock Classifications

(pg. 137 Principles of Mineralogy, Second Edition)

*Highly Reactive *Non-reactive

Ultramafic Mafic Intermediate Felsic

Weight % Si0, 45 52 66

* Based on current geoscience and geomicrobiology publications evaluating rates of mineral dissolution.
Further scientific substantiation is required.

Tholeiitic basalt is one of two major mafic magma divisions. The distinguishing characteristic from the second
group, calc-alkaline magma series, is the redox state of the basal; tholeiitic magmas are reduced while calc-
alkaline are oxidized. fii Bt Z A& WA BB IUAHK AR — 5 BBk A R0 X B FF
fIE AL R I AR FURES BEE S5l . B X aliTs Kb
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Mineralogical and chemical characteristics of alkalic rocks highlighted by Dr. R.P. Sage,
Ontario Geological Survey, which impart distinct changes to mineralogy and weathering
properties, are:

LR WG48 T AR FRR P, Sage 31 1A A7 BB WA R EARAIE R FREL
TH PEE XA O B AR A

1. Chemical and mineralogical diversity; {b.22FIH W24 2 FEVE;

2. Disproportionate concentration of hydrolysable bases, (Ca, Na, Mg, K); A~ i EL 5 )
KRR EE (F5. 4N BE. #)

3. Volatiles (H20, CO2): &) (K. —E4bm) ;

4. Lithophile elements (a strong affinity for oxygen, having a greater free energy of

oxidation); A TER (WASAMRBIIFEF T, RABKMEILA HEE) ;

5.  Primary clay minerals; J§i 4 K5 +854);

6. Anomalous rare earth content. 5 1 &8 % o

The inherent properties found in alkaline and ultramafic rock occurrences have pronounced
effects on the weathering rate of rock forming minerals present, resulting secondary
mineralization, chemical constituents required by the biosphere and a greater understanding
of the mechanisms that cycle this essential life chemistry has increased scientific interest in
these formations. Current geomicrobiology research is documenting that terrestrial cycles of
silicon and carbon driven by plants and soil organisms play a vital role in the regulation of
atmospheric CO». The identified mechanisms are: (i) mineral weathering facilitated by life,
(i1) the formation of phytoliths, (iii) accumulation of secondary clay and (iv) protection of
soil organic carbon through aggregation. The role of silicate mineral weathering in carbon
cycles is bringing the importance of ultramfic rock formations to the forefront of these life
mediated processes. Researchers at the U.S. Geological Survey developed a digital geologic
database of ultramafic rocks in the conterminous United States that have been deemed
suitable for mineral CO» sequestration. This phenomena is due to rapid silicate mineral
weathering characteristics, partially the result of ultramafic rock redox characteristics, (high

12



state of reduction), and composite mineral crystal structure that is preferential to microbial
attack.

T AR Bk A b & BLEA) AT R A TR B I KA AT B M, 80K
AL A R I T B B AR XA A e AL S G PR ) BE PR N B AR 48
MY XPENTHIRES R B AT TR EY A IR, AR e A MR Bl R
FRH ) Ity LR B E I8 TR b B — SRR T T 44558 BB . b A E R A
() e dtis L (i) MREARIER i) KR ERRRLUL Gv) @il R
X LAY ORI FEBRERD W) AL AERRIAEA pi 2 A0V R R e ik 2 4 21
A fir A S AR A B B A, SEE MU E RPFR A BOT R T — P T A
b 32 HB BE R TUS O BOA T E T BRI B (RIE) - XPPELRIA
P PR FERR IR WA XALRRAE , R o E B T BBk BT I AL IE IRRAE. (R
EFIRZS) DURARSE T A IR MR S S8 W S A 4544

Volcanic and Igneous Rock Classifications

Rock Type Ultramafic Mafic To Felsic Felsic
Volcanic rocks Komatite Basalt Dacite Rhyolite
Sub-volcanic rocks Kimberlite Diabase Pegmatite

%

Carbonatite
Plutonic rocks Lamproite Gabbro Granodiorite  Granite

Peridotite

General Characterisitcs

Mineral Constituents Numerous Few Fewest

Reactivity Very High High Low Lowest

Physical Properties Very High High Low Lowest
(including magnetism, paramagnetism
electromagnetism and gravity)

Overview of Carbonatite Complexes Wklik h & SR LE vk

“Haunted for decades by the ghost of the theory of limestone assimilation, petrologists
seeking to explain the origin of these rocks have now successfully exorcised the phantom by
invoking the blessing of carbonatites, limestones of igneous origin.” E. Wm. Heinrich, The
Geology of Carbonatites, Preface vii, 1996.

ARERMAHEIEHRBELFIL T KR TE, MAMFHRX LS AREERI S A
RN EERIR S CKBERIERKE) BIPESR IR T 4%, "——E. Wm.
Heinrich, BRERA M4, B 5 vii, 1996,
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Until the 1950’s the prevailing belief was that calcite could not crystallize from the mantle,
but was incorporated into magma from material originating from limestone beds via
hydrothermal solutions, (water in the magma). The primary argument for the non-magmatic
origin of carbonatite was that the melting temperature of calcite is too high (i.e., ~1300°C at 1
kbar). However, Wyllie and Tuttle (1960, J. Pet, vol 1, pp 1-46) showed that the melting
temperature of calcite is suppressed to ~620°C in the presence of H>O vapour. Observations
of the eruption of natrocarbonatite (dominated by sodium carbonate) from Oldoinyo Lengai
in the early 1960’s lay to rest any doubts of the non-magmatic origin of this rock type. The
Oldoinyo Lengai lavas erupt at 500-600 C°, lower than any other lava on earth.

—HB B AR, AN T A ASRE IS 45 4, T i PR
CEHFEFRIK) WARKEZFF=EREEFPIMANEEERK Y . kBRSNS R 3
PR T A AR B R (RITE Ikbarfhf K £71300°C) o #R1, WylliefiiTuttle
(1960, J.Pet, 25145, 551-4601) F£in, FEKFERAFET, Tl e i B o il
B K#)620°C, 201604 ARMIAFER 55 K L (Oldoinyo Lengai) WEE BIFRER HHEL 7
( natrocarbonatite, DIBREREI M) HIWEAFTHE T XX PSR SH JEA5 H s H 1) 5
o B35 K ILIEATES00-600°CIE A, (KT HIER FATM HEEH

Today Earth science researchers are recognizing that it is this unique volcanism and the
associated African Rift valley, host to numerous alkaline rock occurrences, which have had a
significant contribution to the Serengeti Plains soil development. This nutrient rich grassland
hosts the largest land mammal migration on Earth.

SR, WERRHADFFN RIERE],  IERXPR: 0 K LR AT BL RS 2 A R A R ISR
A, TR T KREREMA T, X IEE@ TP (the Serengeti Plains) [ -3 F 1 H
THERTER. XAE TR 35 R _EAE Bk B KRR R STt .

Carbonatite complexes represent approximately 30% of alkaline rock occurrences.
Carbonatite is generally accepted to be intrusive and extrusive carbonate rocks associated
with alkaline igneous activity. Author E. Wm. Heinrich in “Geology of Carbonatites” for
descriptive purposes defines carbonatite “as a carbonate-rich rock of apparent magmatic
derivation or descent.” For our purposes Spanish River Carbonatite, (SRC), is described as a
magmatic pipe whose age and genesis is coincident with and related to the Sudbury Basin
magmatic event. “The Dictionary of Geological Terms” cautions that the term carbonatite is
not synonymous with limestone. In fact all limestone mined in the province are either
sedimentary or metamorphic in origin and this genetic difference is at the heart of what
makes carbonatites unique. The adopted nomenclature used is from Dr. R.P. Sage of the
Ontario Geological Survey in his series of studies of Ontario carbonatite complexes.

BRBRER A E AR T 430 % HIBRIE S A o BRIR A 18 BN b2 S KOscs 16 3l
RHMZNPERIE I PEBRIR thA o /FHE. Wm. HeinrichfE CBRER &S HUTUEY A5 BRIR £
8 SUIR I S RIRER ) A AT T REA R EA A7 AV LI R R
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A (SRC) HlidiadkE, HAERGHEMEEM AR FHES, HRNEZMX%.
CHUFORTE TS RIS, REWREEA A KA HRATE . $F5 L, FEZRTTRI
P AT A R = I DUAR B AR IO X it 1 28 S R R e R PR AU AZ B o R
H i #4150k B 2R B HLU DU 2 SR IR P. Sage i - 7E fth 5 — R 51 58 T KBS B IR £
=R NI

“Sovite. A carbonatite rock composed of 50 percent or more calcite. Various mineralogic
modifiers are used to classify the sovite, for example apatite-magnetite sovite, olivine-

amphibole sovite, etc.”

“RAEBRIRE —— W50 % SR 2 W07 A A BRIR Eh s . SR S oM IO T R
mRBA MR, BIINBEACO — G I T, MO — AR . 7

Carbonatite complexes can be both very simple to the most complex mineralogy types of
igneous rocks. Consisting almost entirely of calcite and dolomite to a variety of carbonates
accompanied by silicates, phosphates, sulfates, iron oxides, RE carbonates, sulfides, fluorides
and niobium oxide minerals. In excess of 50 minerals have been found in carbonatites
(Pecora, 1956). Dr. Sage commented during a site visit to the Spanish River Carbonatite
quarry, stated, “that after years of publishing his geologic research of identified carbonatites
in Ontario he circulated an internal O.G.S. memo regarding the ability of these unique rock
occurrences to be used as a natural fertilizer”. This comment was in response to the changes
in growth patterns associated with these geological events. Today, as well as, distinct
magnetic and electromagnetic signature carbonatites are found through evaluating vegetative
patterns overlying complex occurrences.

BRIREL AT A TR T 1 B8 BB R S R JORE T ) 2R TP e e T R R E
AR AR ER I A A A IR . WEEREL . mMRER. AUBER. AR LaRRER. #ifk
Wi SEAFNEICRE W AERRIR A T & BL T SORE ) (Pecora, 1956) o Sage
T VER PYPE I TR R 2 R S AT SE B BRI TR R AT 22 K I 48 1 2 1Y
BRIR BT R 2 4R LUR &A1 — A N ERO.G.S. KT X SR i) s A A E AU
PERIRAERHARE T Rk X PFIRAR T 1 [0l b5 X 28 M ot 4 A7 S R R AR
HIAE . AR, LRI DS B 5 52 2% S AR AR A A [m] B4 e R L 285 A
=g

The Origin of the Spanish River Carbonatite PY¥F 7 ] ik lis 2 BA 6 TR

The birth of SRC Complex is distinctive amongst unique carbonatites. A rock, 10 kilometres,
(6 miles), in diameter and travelling at approximately 143,000 kilometres per hour, (89,000
mph), impacted the Earth. The resulting catastrophic shock wave resulted in a plume of
super-heated rock, from the deepest part of the crust, catapulting into the Earth’s early
atmosphere; only to return under the pull of gravity in a great splat; extensively turning the
crust inside out. After the dust had settled, a hole that was originally 250 kilometres, (155
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miles in diameter), was created, a molten rock lake that was three times the size of the current
Yellowstone caldera. Yet, out of this Hades, geoscientists theorize that, similar to what
occurred in Yellowstone, the vast network of hydrothermal vents and complexity of mineral
constituents created the very conditions necessary for life.

SRCAE A PRI HEATE BT A e B BRI P o AT i AR B . — IR BB IO L (63K
B) W DN 14377 0 B (89,0005 B/ ) B BEATBE, fily 7Bk, Hiitt
PRI GOV P R T — B RGE . TSR R R T B BRI RS
W, EEEMER IRk IE AR RERD RSN E NN R B . R R, TR AET —
AIRAGA25020 B (IS5 EAR) Wi, XAEEHHEH A KIDHR=EK. R
eI, MR AR, REIT A R AR, BRI 488 )
o WIS 2R MERE T A f b /5 B 554

This catastrophe, referred to as the Sudbury Event, is the leading hypothesis for the genesis of
the Sudbury nickel basin and fortuitously, the SRC Complex. The modern surface of the
deposit consists of the very roots of the original outflow of igneous material. These remnants
of the impact site are known as the Sudbury Basin, and this deep magma resulted in the
deposition of one of the richest nickel deposits in the world. The SRC deposit is located on
the outer perimeter of the Sudbury Basin. Referred to as a pipe the igneous intrusion is
comprised of calcium, magnesium, silica, phosphorous, potassium and iron minerals.

X IE, YRR R, R R UK A B D, AR AR
Ji% 7 SRCE Afd B PREBUASE 1T H SR HE B0 JOSIAR IR . X 28 bt b s A5
AR AR AP A, XPPRECA G A T 5 B R E A AR R 2 — R UL
Ho  SRCH RO T B IEM A MBI SNE . KBCARNEE M, 8, —HAfbhE,
W, PRANERE W2 A o

The Geology and Mineralogy of the Spanish River Carbonatite P§3¥F 7 o[k
iR B b T RN 2

The Spanish River Carbonatite (SRC) is comprised of four major rock units defined by

mineral composition. These divisions are rocks with high silicate content within the outer
core comprised of silicocarbonatite, ijolite and pyroxenite phases and lower-silicate
carbonatite, sovite, occurring towards the core of the complex, (Sage 1987). All major rock
units are quarried together to produce current SRC product predominated by biotite sovite
and ijolite where much of the biotite has been weathered to vermiculite.

VHPEF I iRIER e (SRC) 28 W) ey MU E oA A Boedlf. BT XAIZET 4
A ST A RERR SRS, EREERRILS . A RO A RRRERR Eh
Mther (RERREhE) 4L, RAEEESEHD (Sage, 1987) o i HEASA AT
FE— B HIFR A Y AT HISRCF i — — ER R R A BB = A RS . HA KRERD %
B EL N RIES .
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Based on past and current geological mapping, the ground magnetometer survey, seismic
data, diamond drilling, reverse-circulation drilling and the 1996-trenching program a global
resource was estimated for the Spanish River Carbonatite Complex. The purpose of this un-

vetted, (43-101 unsubstantiated)3, calculation was to demonstrate the size of complex and aid
in developing long-term mining and processing infrastructure to supply calcite, biotite,

pyroxene, vermiculite and apatite to the growing sustainable agriculture market.

W 2 R I M . MR R MR BNE R, R RIREIR L
199G B4, ST PITE R ER th 4 A AT T R BRI B . XTI B Y

(43-10RZIFSE) SHREA E AR b TIEWIE & AR . SEHh I & K R B
THERLECHG . R R R AT AR AR R . AR A AR T
.

Figure: 3 Surface Schematic of Spanish River Carbonatite Complex
(Not to Scale) PP kIR TE ‘A B &R R EE (AHEEH)

Exploration required to
delineate 10 million tonnes to ot 2,835,000 tonnes (down to 7.5m)

25 metre depth (depth of current quarry) V 9,445,800 tonnes (down to 25.0m)

Current
Quarry Limits

Inner Core

Prior hole drilled to

600m vertical depth
(In ‘ore’ throughout)

Historical Exploration Area

y Global Estimated Resource
to 425m vertical depth
1,242,205,470 tonnes

3National Instrument 43-101 (the "NI 43-101" or the "NI") is a national instrument for the Standards of
Disclosure for Mineral Projects within Canada. [ 5% (35 43-101 (“NI 43-10178%“NI”) B ME KT T

T HARHERY E R 35
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Table: 1 Spanish River Carbonatite Potential Global Resource P4 ¥t 7 1]
BRIR Thoa T AE 2 PR GER

Resource Estimate of Spanish River Carbonatite Complex
(Un-vetted global estimate prepared by Agriculture Mineral Prospectors Inc., 1999)
Trenching, Geological Mapping, Seismic Survey and Drill Hole 69-3
has approximated size and shape of high calcium carbonate facies
of Spanish River Complex

Block Area Depth Volume S.G. Tonnes

Spanish River Carbonatite 1,082,532 425 460,076,100 2.7 1,242,205,470
Calcite Resource 65% 807,433,556
Apatite Resource 5% 62,110,274
Biotite Resource 5% 62,110,274
Magnetite Resource 5% 62,110,274

1)ddh69-3 intersected inner core at a vertical depth of 950 metres

and ovwer a true width of 178 metres

2)seismic surnvey and trenching program at the road zone estimate

width of inner core at 570 metres

3)geological mapping and magnetic surwey estimate length

deposit at 1500 metres

4)calculated area is based on all available information and topographical relief

5)depth taken at 1/2 the depth of ddh69-3

6) S.G. of calcite used

7)estimates of calcium, biotite and apatite resource based on assay results of trenching

Current Ore Resource of Spanish River Dense Layer
(43-101 vetted reserve prepared by Gary K. Smith, Devon Corp., 2012)
Trenching, Geological Mapping, Geochemistry and Seismic Suney

Block Area Depth Volume S.G. Tonnes

Dense Layer 188,916 7.5 1,416,870 2.0 2,833,740
Calcium Resource 90% 2,550,366
Biotite Resource 5% 141,687
Apatite Resource 5% 141,687

1) siesmic surwey and trenching program estimate dense layer depth to 7.5 metres

2) porosity of dense layer discounts S.G. to 2.0

3) estimates of calcium, biotite and apatite resource based on assay results of trenching
4) area covered by trenching only included in resource estimate

5) dimensions of area are 800 metres long by 270 metres wide

Mineralogy of the Spanish River Carbonatite Complex PHIE 7 1] ik g £k &
HIH )2

The modal composition of the SRC deposit is 50 to 100% calcite, O to 20% pyroxenes’, 0 to
15% apatite and O to 20 per cent biotite. Currently quarried mineral composition is 60%
calcite, 15% Biotite/Vermiculite, 12% apatite, 7% pyroxenes’ and 6% accessory minerals.

SRCUTFM I LH AR 50100 % B 77 fiff - 0320 % FUREA  0F15 % BB K A F10
ZE20% BBy, BRI RET P84 R0 % T ffA 15% BRBEMER . 12 % K
F T%HEA LLR6 % S W)
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The growing awareness of the need to increase the nutritional content of food and enhance
soil quality, in agriculture, describes the need for minerals to achieve sustainable food
production. The use of the word “minerals” in this context refers to the chemical elements
that are required by living organisms; commonly referred to as dietary or mineral nutrients.
Unfortunately, it is in the same context that soil amendments tend to be evaluated. Described
as essential and trace minerals, the evaluation of an agromineral is misleadingly by measuring
its elemental constituents alone; misleading, because virtually all Earthly compounds contain
all or most of the elements in the periodic table. Evaluating the chemistry of rocks alone,
therefore, does not indicate the level of their agronomic benefit; an analytic report supplies
only the elemental composition not the mineral constituents. The rate at which a mineral
weathers or imparts catalytic affects within the soil system is a function of mineral genesis
and crystal behaviour. Were the physical properties of a mineral has a pronounced effect on
the redox equation equally important is the minerals physical properties.

RAFEE, AL M AR A D ESE S BYIE I S B S TR, X
WA ZH PR LB RS B A7 o FERXPPG DL T 68 F 00— T da R AR
e b s . EE A BY ST VICE R R AR, FERSFNL T, TIEER
FIEARAR, . VORI LRI YIB, AKHT YT HITR S 2 R, %)
BRI RARSIE. BRI A BB S 080 & 70 3% 8 912 b i 2 iR s R
PICE . Wik, FPPAY A A LAY O A RE R A AR M K P T R R
(LoTne S VAAITE | 27/ wr B 7 VAR A pr S A iR oo E X ibp A 2 TR 7/}
FHERARAT IEAE R NSRRI P B O SR IR T R A B2 B, IR A0 Iy
Py PR o ) A E B

Calcite (Calcium Carbonate, CaCO;) 77 i1 (BRERES, WRERES)

For the purpose of this document the term “reactive” is used to describe the rate at which
natural rock forming minerals weather in the soil system. Even when comparing
mineralogical and geological similar deposits, each deposit carries its own unique physical
and chemical properties, which will either accelerate or hinder the natural weathering
process. In the case mineral weathering within the soil profile dissolution is substantially

accelerated by microbe and plant exudates occurring in the rhizosphere4.
WSS, ARVE S TFatlid KA A 8 e L R b KBRS . |

EAE LU W2 PO LB SR PRI . BN RER A B R AL 22 e, X
JIIBEREA RS B O P o e SHITTTR e a7 DR AU 45 LN = I a3 7 R e SN0

ERRYIE Y, R R B

4
The rhizosphere is the region of the soil that is directly affected by root exudates and associated microbe

communities. R i BLHE AR S IAHI AR 5% A v S i ) 38 DX 0k
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Flu gas operators routinely test calcium carbonate sources for reactivity and purchase reactive
black limestone from Michigan on this basis, (Veldhuyzen, personal correspondence, 2002).
Nelson R. Shaffer, a research scientist with the “Indiana Geological Survey” at Indiana
University has spent several years studying the chemical, mineralogical and physical
properties of Indiana limestone deposits to determine what makes some limestone more
effective in scrubbers then others. Shaffer’s work shows that similar limestone deposits can
differ by more than a thousand percent in the amount of sulfur dioxide they can absorb.
Shaffer describes the effectiveness of limestone in terms of reactivity, “as the measurement of
how rapidly and completely a particular limestone absorbs sulfur dioxide”. Physical factors
that significantly affect reactivity are porosity and hardness. Chemical properties such as
magnesium will have an effect on reactivity. Mineralogy and crystal structure is currently not
used to evaluate different agriculture lime resources. Where calcium magnesium carbonates
demonstrate a higher neutralizing index due to the capability of dolomites chemical formula,
(CaMg(CO3)7), to neutralize a higher quantity of acid compounds yet is unable to achieve
neutralizing potential because of inherent poor reactivity properties.

WAASABE T 4 H IR RBR PSR UR . 7RG LAY BN B BAR W K5 PR B K (Veldhuyzen,
AN NHFE, 2002) o ERSSZAR K2 ENEE L M Bl &5 R 22 K i 3 (NelsonR .Shaffer)
A6 T BAE R R ST B AR 2GR AR A WA EMERE . e A A R
TEVEGA P A BRI R, REINA KA DURRTE — S sl & FrTReAE
ZAE. I ERR THER M A KA AR, B AR A A
TGHEFN 52 2 R —EARBR " BB S B P R ) B DR R S FL AN B o B4 b A
R X R N PR A . B S AR S5 R4 B T AS B TR AS R RO A AR R IR,
TAZAMYE (CaMg(CO3)y) HIREST, FHEEmIRiE BRI B =M PRI, Hik
HRNAS R B BRI A B T T A A A 2 I P A O T TG Y SE B R RN T T

Beyond the objective of addressing soil pH calcium’s role in microbial/plant/soil dynamics is

critical at all levels of the foodwebs. As well as temporarily adjusting soil pH calcium has
been cited for the following agronomic benefits.

e et HEpHEL 2 b . 57 B M0/ R M 2 b O FEL O BT B 464
R B REEN . BT RER AT L EpHIE, F5IEMS T R L AL AR -

> A complex of interrelated food chains, (American Heritage® Dictionary of the English Language, Fifth
Edition); A combination of food chains that integrate to form a network, (Collins English Dictionary); A group
of interrelated food chains in a particular ecological community, (The American Heritage® Dictionary of
Student Science, Second Edition). —#4UH L REKAEY)4E (SEEMEE@IGETM ., FIR) ; —MHEY
WAHEBALIERME (Collins English Dictionary) ; 7E— M5 xE B A ZSHE X H Y — AR LGB B 9
HE (EEMEE@AAERAFE, M0 .
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Controls the physiological balance of plant nutrients in the soil. ¥l -3 AEY)E
I 5 ) A BT

Direct Source of Plant Nutrients - calcium is an essential macro plant nutrient and is

supplied directly to support plant life. {E¥)E 55 & ) BHEE R H — — 52— P i)
FMEWE TR, I BN LS R ) A A o

Calcium in pectate holds cellulose together. 5 Hp 4S5 £ 4k 2 45 S 7F— 2 o

Adequate calcium is crucial for plants developing proper cell wall membranes. 7¢ &

FRES X HE ) & 6 18 2 ) 20 R B 2 5K

Plants use calcium as a signaling messenger, like neurons in humans & animal life. 1§

Vi RS G SR, AR ARSI L b B2 e —H

Improved Soil Tilth - addition of calcium renders the soil more workable and friable.
Fine, colloidal clays that dry into large clods (hard panned clay) are broken up and

pulverized more easily. Liming materials exert a flocculating action on fine clays. P}
= LR — — PSRN L3R 5 TRHE R S TR B (BEBORY
4 AN AR L 2OT I A S Ry o A ARSI IR R R BEVE

Provides Source of Trace Elements — calcium sources, such as SRC, is a fruitful
source of many trace elements that are important to plant growth. In some crops it is
vital. Most important among these elements that are prevalent in many lime sources

are manganese, iron, copper, zinc, boron and molybdenum. $2 {4 & 0 & ik IR
——55F (NSRC) B L IEYA KB EEMMETRENFE R, £
EYI, XRBEREEN. T2 A IR R AT X ST R BB
bR N N [ E2 2R

Reduces the Toxicity of Several Soil Constituents and Combinations. Calcium

carbonate is often cited as an additive to correct soil toxicity problems. [ )L 115

JEI A TENE . 5] BRERESAF A 4 IE - SR R AU T 571 o
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9. Nutrition and Storage - Adequate calcium will produce crops that will store better. &

FERMEAF — — FE R 5 & 7 A B A AP O VE Y«

The role of organic matter in soil formation and fertility is paramount. What is little
understood and is attracting the attention of many researchers is the clarification of
geographical characteristics of humus formation that are determined by the pre-existing
conditions of soil formation. One of best summaries of this subject was presented by the
Russian scientist Kononova, “Humus of Virgin and Cultivated Soils”. Kononova’s
investigation of soils in the USSR highlights current understanding of these processes. The
conditions of humus formation are affected by vegetation, hydrothermal regime, nature of
biological activity and parent material. They are reflected in nitrogen and humus content,
distribution within the soil profile and the consistent differences in the properties of humus
substances. Decaying constituents of the vegetation cover is the main source of soil humus
and is the main source of energy for many microorganisms. The formation of humus is
largely due to their activities. The total reserves of aerial and root system biomass varies
greatly depending on vegetation, climatic conditions and soil properties.

ARURTE LI AR R A E R R 2 R EER . RAANTHESIERZHITANR
PR, I A T TE ) 3880 S5 A o ) S8 B O Y H B AR AIE o R 7
Bl R BHE G (Kononova) $EH TX—FE IR EL R —: “RYEIF B IR
YEHIERBTE T . PHETE O IRE TR 2 7Y T XX e PR 3 iR . B %
B BB ZAE R KIS AR TR T SO R . BT R e SRS 5E
e & b IR P AT DU B T R B R — S 22 . AR B 2
T IEEE R EEORIE, R SRR EERIE. R R
TENMED . R SRS IR, PR R A Y R S B AR
Ko

Kononava concluded that there is no direct relationship between soil humus content and total
reserve of plant biomass. Plant cover is only one of the factors controlling soil formation and
the accumulation of humus. In various studies, the influence of parent material on soil
formation, type and content of humus formation has been investigated. The incorporation of
calcium from parent rock into the biological cycle promoted the accumulation of humus and
the preferential formation of humic acids in the upper biogenic soil layer. In cultivated soils,
lime plays an important role in the transformation of organic matter. Numerous studies have
demonstrated the positive effect of calcium on decomposition of fresh plant residues and
there are indications that the processes of organic matter transformation are impeded by the
presence of iron and aluminum.

BHAETIEN D, 1IEEER SR EHEYEY B SR MNA EERR. HYEzER
G TR EEFR RN H EZ —. FESTHR T, CEPR 7RO LT
JEHIRN , RO B R S B R E . B A P RIES I B ALY IE IR
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W, ARk TR AR R AN B IR P R LS . RS R,
IREATPUT AL REEBZAEN . VF 2 TS TR B85 X T A 5k 78 00 20 A AR
YEH, I HA MR LAY AL R R PR 38 ) AE 7R 1T 32 2 REAS .

In summation, Kononova stated that the outstanding role in humus formation is played by
biochemical conditions and in many cases the importance of chemical and physiochemical
properties of soil and parent rock outweighed that of bioclimatic conditions. In soils
developed from parent material rich in bases resulted in the transformation of organic matter
into more mature forms of humus. Changes to the organic fraction of soils have occurred
through cultivation and the application of mineral and organic fertilizers. However in spite of
cultivation and reclamation the humus still preserves features that are inherent to that of the
particular soil type. This is to say that soils are self-organizing and decomposition of added
organic matter will result in the formation of humic substances particular to that region and
soil type where parent material plays a pivotal role.

B2, Pk BA R RO B R AR, HAEF ST, T
kA BB B B B 7 AR A A . N S Y BT & LAl
BB HAL A SR E TR R 8 ARG St A e R AN UIE R, Al
W R T AR, BRI, SR T RRRAOT B, RSB AR ORE TR IR A
AL, Rt il L0 A, HIEMEa NI ff 2 S 208 SR E T % K
LSRRI R IHYIT, RGBSR -

There is a direct correlation to soils formed from calcareous parent material and the quality of
crops grown. This phenomena has been well documented by the French Wine Industry where
Dr Gérard Sequin, University of Bordeux, stated, “active calcium carbonate is the one
chemical constituent generally associated with wine quality”.

RO R LI SEMA R REAERE LR EEAEBEIT L CERSIEH T
X—ME, WIRZ KA (University of Bordeux) AJGérard Sequinfli+- 3, “WEHEMRER
5 e 55 4 e S B R SR — P R

Recently Amy Trubek, Associate Professor in the Nutrition and Food Science department at
the University of Vermont and Faculty Director for UVM’s graduate program in Food
Systems concluded that, “the tests concluded that syrup produced from trees on limestone
bedrock had the highest quantities of copper, magnesium, calcium and silica, which scientists
hypothesized, had a role in the taste.”

BRI, 5K (the University of Vermont, UVM) EF 5 & iRl R BIEIRNE
Y R GER s A R EAEAmy Trubek A iS58 “INAAHIIZ IR, ARAIS FAK
AR A P AL B LA B8 F5 R S brE S B, BEAZHEN, EATXE Ak
EREM.
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Possibly the most important attribute of calcium within the soil system is communication.
The concept that soil is a habitat for functioning communities of organisms requiring the
capability of communication is paramount to documented symbiotic relationships between
soil biota and plants. As stated by Lynn Margulis, (1997), “Ca plays a critical role in the
metabolism of all nucleated cells.” “Neuron-firing communication networks of the brain
depend on calcium as telephone communication does on copper telephone wire.” Agriculture

. e o . .. . +2
is an acidifying process resulting in Aluminum toxicity blocking Ca ~ transporters necessary
for signaling resulting in soil biota and plants inability to sense its environment.

ARETIE RGPS I BRI R IR T EE T RE ST S REVE A MR AT S
HX — M, Xl HIEA YIRS S 2 MR A R R B G H ., IE4Lynn
Margulis (1997) B, “¥5(ERA A% AMA Al E e . " IR A i (s
s LR TR T2 ERYIEAT . KRINHMZ TR 1S W4 BRI T 85 Rl —fp
RAML T SRR ML Ca B B L LRI 16 5, MR T s
RN H IR

Lastly soils that are developed from calcareous parent material result in the neo-formation of
micaceous clays. In George Millot’s ‘The Geology of Clays’ he states that, “calcium ions play
a prominent role in the synthesis of mica type clays, in which calcium does not intervene in
the crystal lattice.” In this example calcium is a catalyst.

e S BURESUR B S T S 20T = BERS TP Bi(neo-formation) . fEGeorge
Millotf) i T BT 2= g . P58 TTE = BERR L& b R A EEAEM, H
IR T W aAs . "TERXAMFr, 458 T — Pkl

Calcium, more often than not, is cited as a critical contributor to soil restoration measures. It
was the inherent reactivity characteristics and igneous calcite content of the SRC Complex
that led to developing the resource starting in 1994.

FESEH PN N T S A R R & . JESRCE AR B A KM FFAERN K 7 i
BT 199445 IR B 9 IR 4 o

Apatite Series (Ca5(PO,);(F,C1,0H) ) #§ /K f1 &% (Ca5(PO4)3(F,C1,0H))

The phosphate ion is extremely reactive combining with at least 30 elements and under every
conceivable geological setting resulting in approximately 300 phosphate minerals. Minute
changes in impurities, pH, and crystal defects, to list of few, result in significant changes in
solubility-reactivity behavior. For this reason wide discrepancies exist for solubility rates for
many phosphate minerals and sources, (Nriagu, Moore, 1984). Different phosphate phase’s
maybe stabilized or destabilized by the presence of various cations and anions, which do not
have to be incorporated into the crystal lattice. Microorganisms play a very important role in
the distribution of phosphorous on the earth’s surface, (Nriagu, Moore, 1984).
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Microorganisms are closely involved in the cycling of phosphorous and current
biogeochemistry and geomicrobiology research is providing greater insight into influences on
phosphorous dissolution and mineralization within the soil system. Apatite mineral
weathering by microorganisms is primarily accomplished by their acid production. Banfield,
(1999), was able to detect pH values of 3 to 4 in proximity of cells attached to mineral grains
within a local microenvironment. The bulk soil solution was pH 7. A lowering of pH between
3-4 will result in 10 to 1000-time increase in the mineral dissolution rate, (Banfield 1999).
Phosphorous movement through the microbial biomass was faster with more phosphorous
being bound (Mader, 2002). Research conducted by Peter vanStraaten, (unpublished data),
demonstrated A. Niger inoculated cassava waste resulted in greater than 30% dissolution
igneous fluorapatite. In many of the company’s regional soil audits total phosphorous
reserves were more than sufficient to meet the need of crop production. Deficiencies in
growing crops could be overcome in these soil environments with more attention placed on
improving microbial habitat. There is evidence that agriculture practices that focus on soil
health through improved organic matter levels and soil structure will result in the existing soil
phosphorous mineral reserves meeting crop requirements. Current research strongly suggest
that adequate organic matter, soil aggregation and functioning communities of soil
microorganisms play a critical role in the efficiency of phosphate nutrient cycle and
maintaining biological available soil pools.

BERAR & 15 2 /30MT R AW EEIR , M s8R HUTE 5t THEE = 42241300
FhSRR R M. 2900, pHAERI S IRBRIA RTINS (L, AREE S EOE AR B — AT Ik
HBED. HTXNER, 23R YR IR R 7R 22 R K (Nriagu,
Moore, 1984) o AS[EBIBEER SR MY BE AT B8 T 45 Pl FH 25 10 B 25 1 A7 78 Fo A
TR, IXLERHE TR B T A A 2 s . YT IR R T BB o Ah i
e EZERM/EH (Nriagu, Moore, 1984) o FAY)-S5BERIIEERF Y 7 A ¥y HbER {1k 27
UM, T HHER A VIR SRR AL 1 X 1358 2R G0 PN B A AR AN A AL M B SR IR N
)T fifo TRAEMIIE O BE AR B AL S Bl B AT ER T e . BESE/RTE
(Banfield, 19994F) REf%7E SR 40N 6 10 SR S TH IR EE i A W) UKL R i A i 3 3 22 4
PIpHE . Kk IR HIpHIE N7 . FEAKpHIER3-42 1] & S0 P ik B4/ 102
10001% (Banfield, 1999) . Bl ¥ 2 WBEp R s, i A WA ) & 0 ks gl ok B B
P (Mader, 2002) . Peter van Straatenfiifif 58 CRAREHR) BR. JEHI/REF
R R SEOEIT 30 % AR KRB K A - (EIZA R IR I AT, B
BRI AW AP B R o FEIX B IR v B 42 1) 56 1 A0 8 T Ak W R
FhREVED A BRFAME T DA e ik . AIESR R, M ScR AU S8 LIEgY, &
P -3 (B P b S B TT B 1) LI B W i = i RAE TR R . H AT BRI R R B 3
B, EYAAYWIR. IR SN A MY Dh RE VR 7E R 16 35 20 116 PR AU 350 R A0
YeRhLE AR A A AE

Phosphate minerals are a favored host for radioactive ions and heavy metals, particularly
cadmium. The phosphate fertilizer refining process removes radioactive ions but cadmium is
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incorporated into the finished fertilizer. Recent research is showing plant and animal
cadmium uptake exceeding tolerable level intake guidelines established by the World Health
Organization. Cadmium containing phosphate fertilizers were confirmed to have increased
the Cd status both in soil and plants. In response New Zealand, Australia, Austria, Sweden
and Finland have established guidelines and worked with the fertilizer industry to reduce Cd
soil contamination. Austria, Sweden and Finland have enacted legislation to ban high
cadmium fertilizers. As a result of this issue emphasis on phosphate production from
carbonatite complexes has gained attention primarily because they do not have contaminant
levels associated with sedimentary phosphorite deposits.

WA SR I O BON VR B T B B R R B2 £ BRI Rl R £k T
U (BRBABEE NS . B ptesR, R TR S & i
YIRS R Cl e AT BN B bR . RS SRR AL TR I T LR
%*%%ngo%ﬁi\@ﬁﬁl\ﬁﬂﬂ‘“ FZ5 A5 HE e B2 ) 5 7 HEDU, 9 H
PERE Dok A VR R L35 gt A T \ﬁﬁfaﬁﬁiﬁ &Ik R AR ALIE .

PIAIXA G, MBRERTh A A4 P R Eh 32 B R R TE, FRERHARA 5 TR
WA A R TS B IR

The New Zealand and Australian experience suggests that utilizing waste management
guidelines could be ineffective in reducing Cd soil and plant levels. The plant availability of
heavy metals is very dependent on soil conditions, farming practices and climate. Generally,
metal uptake is high in acid soils; guidelines in New Zealand and Australia recommend
maintaining soil fertility, particularly where cadmium levels have exceeded tolerable levels,
through the application of organic matter and lime. Weathering of carbonatite deposits is
economically important, because phosphate mineral content are markedly upgraded through
weathering. There are two main weathering sequences, which result in apatite concentration.

AR BT V4 = ABROCR R 26 FE B L R P IR0 A B DU T 8 TG 1A /4 ) -3
HEYIR . B RARYIHY AT A I PEAR R AR T A AR S . — ok

B, ERME -3 B R RO s TP 22 AR I Y R rp i G A MU A A
HRARARFE LI TT, R R AesR & B T i 2 ACP TS BL T o BRER A RAY XL A
HEMAETT A, HoEE BT P SR 2ERE . AN TEENIEE RS
M B AR A R

1. Phosphate is remobilized by weathering then re-precipitated into a secondary

phosphate deposit. jl it XL sl Eh B G, 85 F-DUE A — IR BEIR 3h DR
Yo

2. The more soluble components, particularly carbonates, are weathered leaving residual

concentration of phosphate. B8 5y i g oy — — U HEBRIREE . B XK 5 T T 5%
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The phosphate content of residuum quarried at the Spanish River Complex is currently 3.14%
and the phosphate content in underlying bedrock is averaging 5%. This is contrary to the
typical accumulation of phosphate minerals in residual sands overlying a carbonatite
complex. Though continued exploration may lead to the discovery of residual apatite beds
further geological and mineralogical interpretation is required to describe current

phenomenon.

H BIE VI 52 A W) 0T RER I P IR S 2 808314 % . E IR R A H iR Eh & &
TGRS % o REEBIEWIRI A E &1 LRER b Th BEREL T Wi LR UR A
Jo  BIRIRSEEDIA T RES R IR AR AR B ACH 2 . (HIE T 20— O MO )~ A
Rk AR B AT LR -

The mineralogical characteristics of the SRC Complex studied by a number of geoscientists
and the observations may help to explain current deposit unique mineral characteristics are:

H1— LS HIER L2 SRR 2 SRCEL A AR AT AR AIE 7T BE A B T H R AR
R AR DAL -
1. The intrusion has very low fluorine content suggested by the absence of the mineral
pyrochlore (Ca,Na)>(Nb,Ta))OgF (Hogarth, 1989). | k= 8" ¥y kesk i
(Ca,Na)p(Nb,Ta)yO¢F, FrLUMR AR & BIEH L (Hogarth, 1989) .

2. Uranium, thorium, cadmium, arsenic and other heavy metal contents are low (Sage
1897a) particularly compared with other Carbonatite complexes (Hogarth 1989, Sage
1987b). 4l . . SFIHABEGE S REL (Sage 1897a) , HELHE
IR S & YAHEL (Hogarth 1989, Sage 1987b) .

These observations are important, particularly low fluorine content, which precludes the
formation of pyrochlore and the corresponding accumulation of radioactive ions and heavy
metals, (Hogarth 1989). Low fluorine also results in the substitution of chlorine for fluorine in
the apatite mineral. Chlorapatite is considered more soluble then fluorapatite, (Veldhuyzen,
2002). The complex is almost entirely comprised of sovite, (igneous calcite). This would
result in a higher proportion of volatile elements (OH, CO2). With the lack of fluorine OH
and carbonate substitution is also likely. These geological conditions would result in the

formation of CO», chlorine and hydroxide substitution in the apatite mineral lattice.
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RGBT R, JCHRA SR, X 1 s AT BRI LA T
FIEGEIAR (Hogarth 1989) o M SEBEARAH Y BB Rk
RAYON NP A E S (Veldhuyzen, 2002) o ZESHRILF2EH R KR
a CKBOTIEA) AR XHERiELETCHE (OH, CO2) HLflEm. Bz AR
BRER AR AR T RERY o X LEHI IR M & S EEREACR B YA I i — AR 5
AR

As well as influencing the size and shape of the apatite crystal carbonate substitution weakens
the crystal structure therefore resulting in increased solubility. “High carbonate substitution is
advantage in francolites; it allows the use of such a phosphorite by direct application or, in
other words, the use of this phosphorite as a fertilizer without chemical pre-treatment,"
‘(Nriagu & Morre 1984). This is very significant, preliminary analysis of SRC clay fraction
indicates highest phosphorous content suggesting the existence of finely crystalline apatite
group minerals.

B MR A SR RS R AR . BRER TR AR WIS AR 54, R B0
FEREI . ik FEA T B R R IRER R A R AT DA v B XA B
BTG, XA R VRO ERE, AT R AT (Nriagu &Morre |

1984) o "iXJESRCHG LARHHZEMVIG T, BBk B, RIEENSEA
JBR Y] o

Unrefined rock phosphate applications to agricultural soils are increasing in response to the
growth in organic food production. This demand will increase beyond the organic sector as
ornamental chemical fertilizer use is restricted, environmental legislation restricts soluble
phosphate applications and continued research is able to demonstrate the efficiency of

microbial mediated plant available phosphorous. The initial studies of the apatite mineralogy
also highlight the uniqueness of the SRC complex over others currently being studied.

WEE A HLE S AP I, ARREMRAY A A BERR SR Al -3 B A IEAERT N o X R
SR HE H A LR IEANWL S PEALAE RO T 32 BUBR ), PR ST iR BR ) 1 W] sV AR TR Y
W I BARRSERIRT ST RE RS BRI E o S A AT RO A R . BB )
VIR R T SRCE A4k 5 H Al IETERF 5T I HAd 52 A A R R4 o

Boreal is currently developing research initiatives and actively seeking a PhD thesis
candidate with the Earth Science Department, University of Western Ontario. The PhD thesis
would coincide with anticipated advanced exploration of the complex. This thesis will not
only document the complexes genesis, structure and mineral zonation but investigate apatite
mineralogy and dissolution characteristics under microbial influences.

WA R H AT E AT R BFITH . BB R P5 22 ks k2 (University of Western
Ontario) HIFKEIEABIH L8 SO N . LSO 1% & MBI FR 2 Uy
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Tjolite Rocks - Pyroxene Series ((Ca,Na)(Mg Fe™ Fe™™)[Si,0]) 5255 7 -
YA %51 ((CaNa)(Mg Fe™™ Fe™™)[Siz06))

The ijolitic rocks alternate with bands of biotite sovite. These ultramafic zones weather
rapidly and constitute the most reactive phase of the complex. These mineral series are
amongst the most cited in CO2 sequestration through silicate mineral weathering.

LR A SRR AIR .  X S BRI I A A SRR A A R I BRI B o
LW R 5 el RERRER T W XA I — A BRE 7 5 T e 2

Geoscience queries discussed with Wilfred Laurier and Algoma Universities that are of
interest and pertinent to the effectiveness of SRC is the effect of the silicate mineral

weathering on soil carbon and nitrogen pools.

IR 5 /R AR (Wilfrid Laurier) FIFJ/REFIG R (Algoma) B 5 SRCH R
5% B HBR A} 272 1) R e TR R ) XA o - ST 280 AT 5 o

Primary Biotite Series and Secondary Vermiculite Clay Minerals J5 Az BB -

BE G FIR A WA A T8 ) o

The clay minerals are layer-type aluminosilicates, ever-present on our planet in rocks, soils

and oceans. The role of clay in soil is fundamental; it is their permanent structure and
colloidal size, with their unique surface properties that play a major role in the biochemical
cycling of plant nutrients.

KLY E AR R EL . (TR I Bk KA ET A A . Bt R bAE
IR HOE AR IERIARAS: BT R ATESHTIIRAR /N JlRe i 3 T Pk BR7ER A8 57
W 4 A A 2 AT A P T A

“The transformation of biotite to vermiculite with the release of the interlayer K is perhaps
the most important biologically mediated geochemical reactions occurring in the rhizosphere”
(Banfield, Proc. Natl. Acad. Sci. USA 96, (1999)). As the potassium is released the exchange
capacity is increased and is characteristic of the clay mineral illite. With complete removal of
K interlayer planes vermiculite and montmorillonite clay minerals are produced, (Hinsinger,
P., Elsass, F. Jaillard, B. & Robert, M. (1993)). The transformation of biotite to vermiculite
within the soil system is rapid. Experiments conducted by Mortland (1956), Spyridakis et al.
(1667) and Weed et al. (1969) documented biotite functioned as well as soluble salt (KCI) as
a source of K.
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“PR R RER RS AR 2 18] 45 R BRI BB A A AR TEAR bR Y B B AR Y R ER b
RN, 7 (PEE/RTE, EEERBFBE, 1999) [EEMARBACHEE iEn, X
TR PP RIAASAE. FEEHEEAMFIA RS 2ERE, Mo r=aT

(Hinsinger, P., Elsass, Flaillard, B.&Robert, M, (1993) ) . +TIERGHNB=FE

mEA B L R . Mortland (1956) SpyridakisZ: A (1667) FliWeedZ: A (1969) it
kT RBABIIRE DL AT L (GARBIKCL) VB R8RSk IR

Anne Bakken, (1997), conducted pot trial experiments growing with different K sources.
Bakken concluded that during the first period of plant growth plants treated with KC1
absorbed more than 70% of the potassium added. During the second growth period biotite
carbonatite supplied as much K as KCl fertilizer. K-feldspar did not supply significant
amounts of K to barley plants. Bakken (2000) transitioned from pot trials to grassland field
applications covering a wide diversity of soil types. The results from this three trial are
highlighted in her publishing in Nutrient Cycling in Agroecosystems:

Anne Bakken (1997) P47 T HIAS R #IR AR I AR 5050 . BakkenSh 451 . 7€
YR AP BL, AL PR R 1 8L 70 9% 8. FESE —IRAEKEY
B, BBHRIRIR IR S BE RO S . SRR AR R Z YR R
A%, Bakken (2000) MZAIAK S BERIE AP LR EG M. =005
A5 RAEM IR CRALAEZS R GETR TR Ffs LUsR i -

“Crushed rocks and mine tailings containing biotite, K-feldspar and nepheline as K-bearing
minerals were applied as K fertilizers in a series of 15 grassland field trials. A treatment with
KCl as K-source out yielded treatments with rock based fertilizers in the first and the second
experimental year. In the third and last year of the study when no K fertilizers were supplied,
previously added carbonatite and biotite concentrate supported grass growth as much as
previously added KCl did. Although it is concluded that a substantial part of the K bound in
biotite and/or nepheline in crushed carbonatites, biotite concentrate and epidote schists is
plant available, these rock/mineral products weathered too slowly to replenish the native pool
of plant available K within a three year period with five harvests. The K bound in K-feldspar
seemed to be nearly unavailable for the grass plants.”

“EHBRDEE ARATEA RS YR AR, PUEEEAC I 4L IS A
R o FESH— AR AN SEEAE B, eSS SEIDR P AL PR BRI AT AL
o FERTTHIEE ZARRIR R —4F . SICAREHPIIERT , Z RSN SR SR % = B
SRR, EMZ AT INA AL . B LU HESE. KR MER=
BRI/ P 5 IR RRIR S BB ST A A a4 A2 v sy R, H
XA W) i WA K8 T oA B = AE T . SRR R # LR A T
HiEY.

Vermiculites are classified as high activity clays. This means that this group of clays have a
wide range of mineralogy resulting in a wide range of compositions where the interlayer
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spaces are charged and hydrated to various extents resulting in a wide diversity in behavior,
Pedro (1997). Clays being tiny nanocrystalline particles are essential components of the
earth’s surface. “Any clay, even a monomineral clay is a population of different particles.
Each particle is itself a population of micro- domains. When the environment changes, each
micro-domain and each particle starts changing. Each of them shift towards a new
thermodynamic equilibrium according to its own speed: population dynamics are going on.
Population dynamics apply to clay mineralogy today” Millot (1989).

EA WA AR o X RNE X AR E B AT YRS TERT AR
HRAEY: HP RS EgEESKEGRARBRE, SETITANTZE2HE (i
T821997) o Mt RBUNAAORSBIRL, BRI A B R o AEfPRE L
FL 2 B YRS R A R BRI R R A . AR A B R — AR R S . 24
WL A AR, ARG A EEARL I IR 28 . B RBEFIRL T2 IR B O Y B #
[ — A FH TP RS ASEAERATH . BB S A E R TR L 2.
Ok#ly, 1989)

The Spanish River Carbonatite Complex is an exceptional source of both biotite and
vermiculite. Though not widely recognized in agriculture today, ongoing research will result
in highlighting the very real problem of clay destruction through progressive acidification and
clay re-mineralization could play a key role in soil nutrient cycling and rejuvenation.
Secondly K bearing biotite, as well as, supplying comparable quantities of K to growing
plants as KCl enhanced soil system dynamics with the formation of vermiculite.

VPSR AT BRIR th s 52 (A B = BRI A AR BROR I R H RTFEAR L P MR A )
N, ABIEAESEAT BB F0RE 5% HY 5 8 1 3 25 R A 1o A8 3 JRS 1 e DA 8 B I v e
HRS PR T BEAE LIRS MR X R A SRR T . HIK, $IURE T R BE,
HIEATE SN W APPE5E T IR RGN 27, i AR SR B B

Rare Earth Elements 5 1 702

On a visit to the Spanish River Carbonatite Complex, Dr. Ron Sage, (personal
communication 1999) was asked his opinion of why the melting temperatures for
carbonatites was so low and was there a correlation between this phenomena and why the
Spanish River Complex was rapidly oxidizing . Sage believes the melting temperature of the
calcite in carbonatites may have been impacted by catalytic trace elements and this could
transcend into the unique reactivity properties exhibited.

FE—RIRZ PHL I IR IR #hoa &2 5 7RI, Ron Sagefilfit: (RANZZHL, 19994F) Bl K
BRI e I A BE R T Z ARB LA, LUK PRI 15 5 PR Sl iR e 52
AR R R Sageih Ty, BRER A 7 A AR (LR BE VT RE 2 2 fi Ak
IREITCRIN, X 0] e H AR DU R SR o
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The SRC Complex was targeted for acquisition and exploration for agronomic potential
because of high carbonate content but also because of its very low metal levels. As stated a
common signature of all ultramafic rocks are anomalous levels of lanthanides. The potential
for detritus effects to animals, plants, soil, soil biota and aquatic environments was thus
warranted.

HTHRE SRR, HESRSERIK, SRCE SR B RRPIIRR K
J1o W ERrR, Pra@EENA AR IR AR R PR . ). i
Yy 3. LIEAYIRERIK AR IR0 AR K A RSB R o

Currently China is the only country that has the commercial use of rare earths in agriculture.
Limited studies were published by Russian and Bulgarian scientists in the early nineteenth
century. Chinese research began in 1972 and early outstanding results with low level
applications resulted in adoption. The physiological responses include increases in
chlorophyll content resulting in darker green foliage, enhanced root development, greater
production of roots, stronger thicker stems and better colored fruit in crops such as apples,
oranges and watermelons. Yield responses included increases in crops such as wheat,
increased sugar content in sugar cane, increased vitamin C content in grapes and apples, and
increased fat and protein content in soybeans. These gains were made without any known
impact on ecological sustainability or biodiversity.

B b R — A RO B R LA E R . LS, MR R CR IR 2 R
ETHBRMPIR S . PEOPICIA T 197248, B0 R BT 0075 R AR K 5
. AERE R AR R S B RS B E IR W R R T ERH
MR R ZERE AR A GACR , ER ARV REEAEY) . 78S A4 /N
ZEMEYIRIHIN. H R S EAHIIN. AE AR A RCE B LR K E S
TR A& BRI hN . X SRR AR A T R B AR W) 2 B B AT AN R
W] o

The obvious language barrier and the lack of experimentation details and statistical treatment
of data warranted further investigation. Research conducted by Australia, Germany and
Austria showed conflicting results and could not confirm the outstanding crop enhancements
reported by the Chinese, (Kerstin Redling 2006). Several hypotheses have been proposed as
to how rare earths affect plant growth ranging from effects on transportation mechanisms,
accumulation of ions, nitrogen fixation over influences on calcium metabolism and
photosynthesis to the protection against certain plant diseases or draught, (Kerstin Redling
20006).

B HE T PEAG LUK Bk Z S0 A0 TR S T ALY S AR AT A, R

AL A SR ) BEAT AR S0 s T P TR AER . I H IR S b R ARGE R S
HAEYIHESRACR  (Kerstin Redling, 2006) o C44&H T LA R T LA 52 naAs )
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AR EMBBE, CAERHEEEALEI KR, B RBUR . R RS ADE 1R R Y
SO AT LA s+ 5 (Kerstin Redling 2006) o

As well as utilizing lanthanides in crop production the Chinese also use REE’s as a feed
additive in livestock. Where confirmation of Chinese research has not been substantiated has
been in livestock feeding experiments. Positive effects on animal growth and feed conversion
in both pigs and poultry have been demonstrated, (Kerstin Redling 2006).

B T HEAERAE R A R e E AN, R E ISR LT RE AR BRI . 7
HERF A MRS ENELIER T, CAET TREMFTLE . CIESNEME &R
YIHE KR AFA/ER  (Kerstin Redling, 2006)

Unpublished research was carried out by the principles of the SRC project on small laying
chicken flocks starting 1995. Observations followed Germany, Switzerland and the
Netherlands studies and as well as increased feed efficiency SRC substantially added to egg
shell thickness. Today Boreal has commenced facilitating scientifically validated research
opportunities here in Canada.

MI99SEETFARHIAR K L HIB T, LASRCI B S M AT A NI REI H o SR ERIKR
PEPEE. B LRAT2RRRS, DURAR SRR, SRCKRIEIN T EREE. 4

K, WA R CEIHIRTEINE RS L Bl A e L%

Geochemistry of the Spanish River Carbonatite Complex P I 7 ] kiR £
a8 A ER L 2

Concepts of Soil Degradation 1 3%;iE 4k HIHE S

Soil Acidification + 3E g4k,

Agriculture is an acidifying process that is addressed through liming. Liming
recommendations are primarily based on soil pH measurements. This does not take into
account soil dynamics that have possibly a greater influence on soil and plant health such as

organic matter loss and compaction.

Pl — MR R, I FRER AR, A KBNS B T L pHAE I
RXIFANTE O L IERAR A B AT REA BOR R RAY L33 02, IE USRI 5%
An important weathering feature in the calcareous soils of Southern Ontario is the dissolving
of calcium carbonate concretions and nodules in glacial till parent material. This is because

CaCO3 maintains a preserving effect and the dissolution of calcium speeds up the weathering
and soil development process. In areas of heavy to moderate rainfall, like Southern Ontario,
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the loss of calcium from leaching and erosion is considerable. A study conducted in Ithaca
N.Y., reported in US Geological Survey Circular 1017 and The Nature and Properties of Soils
by Nyle C. Brady, showed the following losses on a silty clay loam:

2 g T T A A AP S Y R B ) XA R ALE AR BR R B 45 0 T R LA B DK B 4577
X TR B ORGYER . 85 AN 7 XA 3L B il . R
FROXAER R B S5 R T R AT MK, IR ki B S R S 4 B . Nyle C. Brady
TEALPEERPEATI— IS B AR EIEIERD | TIE7ESE [ SO AR 26

1017391 ., Forp R Wy ORS A4 40 R 52k :

e Bare Soil — 398 Ibs/acre/year £ 1-- 398%%/H w1 /4F

*  Rotated Crop Land — 230 Ibs/acre/year 38 1F - #ii- 23085/ 5 /4F

e Continuous grass — 260 Ibs/acre/year #ESEFPHE- 26075/ 55 5 /4

Losses to erosion, even on 4% slope, in Missouri, USA experiments showed the following:

FERE IR MR AR, EEA4%HK, Sl BRmT:

e Continuously grown corn — 220 lbs/acre/year #EZEFPAE T K—220%%/JE 5 /4

*  Rotation; corn, wheat, clover — 85 lbs/ acre/year #4F; Tk /N&E. BETHF-85KE/Hk
HI/AF

Using the best-case scenario where cover crops and proper rotation is practiced, average
losses would amount to approximately 315 Ibs/acre/year. According to Brady this would
indicate a required application of 1.1 to 1.3 tons /acre of CaCO3 in a 4 to 5 year rotation. He
goes on to conclude that the test results verify the importance of lime in any scheme of
fertility management in areas of medium to heavy rainfall. Yearly losses of calcium, due to
leaching and weathering, exceed all other macronutrients.

TEREAT R S AR YIANIE 24 (A VR b i M R EE R G B, PR BIA B 4315
B/ JER/AF . ARPEBradyHI i i%, RO RIRE (E4 2 SAFRYFE /R i 068 AT 1121 1.3/ 3
FTHBRERES . BE B IR A5Ie T, IR A RAESE 140 ACTE HR 21 A R e X e JE 7 2L
THRIP R EZNE . BT REMRE REBERN TR, Bl T AE R
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Since the focus on acid rain, scientists have been concerned that acids could deplete essential
nutrients. Research starting in the 1980’s has attempted to understand the effects of acid rain,
particularly regions that have little buffering capability, (i.e. soils formed from parent material
containing little calcium). A report, Soil-Calcium Depletion Linked to Acid Rain and Forest
Growth in the Eastern United States, USGS, published in February 1999 explains the
mechanisms set in motion with acid deposition, resulting in forest losses on the Precambrian
Shield and Eastern United States.

HMRTERRTE LR . BRI OR K HARL T E SRR M8OERTTR, A
SRR ST T ARBRRE IR, R IR L AT b RE TR X, B R 5 2 AR £ 5
) L33 REHTUAER T 1999420 L% T — ik S8 EAHRIY LIPS E%
LRI AR A R Bt MR TRRFDURRBIBILE] , B R HE . gk
ARHR LA R 32 E AR AR AR R o

The breakdown of high-energy clay minerals also results in excessive leaching due to the loss
of exchange sites in the B-horizon. The increased concentration of exchangeable aluminum is
taken up by roots and eventually is recycled unto the forest floors. Dissolved aluminum can
also be transported to the forest floor by a rising water table. Aluminum, having a greater
affinity for negatively charged further displaces plant nutrients on soil exchange sites
resulting in overwhelming the soil system.

i RELRG LA WA 2 A BT FE SRR S IR o BE IR Y o SZ ek BRI BE 4
TN AARFRIL . FRZARIABIARARFE M o B AR ER A VT LUE I b T ER 7K A3 4ok 1 AR AR
Mol o BRXT SURAT R HEORRISER T, g BB T LIRS AL A AR IR
MBS R Gl o

Acid rain unquestionably accelerates the mineral weathering process and in the absence of
calcium causes the release of aluminum. Adequate calcium maintains the base cation
exchange relationship. This acidity may also increase the solubility of B, Mn, Cu, Cd, As and
Ni to toxic concentrations. Phosphorous is converted to insoluble Fe and Al compounds in
aluminum saturated soil solutions. Potentially a more serious problem is the long-term
application of acidifying fertilizers. Nitrogen and phosphorous fertilizer are acid generating
and in any fertility recommendation an estimated 1.8 to 5.0 lbs of calcium carbonate
(CaCO3) is required to neutralize the acidity generated from one pound of ammonium nitrate
(NH4NO3), Monoammonium Phosphate (NH4H>PO,4) and diammonium phosphate
((NH4)2HPO4).

BRI TCEE N TH W XA, MESRZ BT, & SEERMRIR. 7t 4
FRORH B ek R o XFHERVEIR T LIS Al &5, 8. %8, AR (B, Mn, Cu, Cd,
As and Ni) XA FER BV AR B o BETESR IO T3 W P Stk o N B EB L &9
K i I BR AL AR P RE & — AN S P2 E A o). RORBEAE R} P 2R R . FEAT T AR J7 3L
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AT EEL8 - 5.0BEERIRES( CaCO3 )R Hh AT B 1% AR £ (NHANO3) . IR —4(
NH4H2PO4)FI#kER — 4 ((NH4)2HPO4) F= A 1 1A

Aluminum toxicity is ubiquitous, meaning it affects animals, plants and microbes. In animals
excessive aluminum results in neuronal damage. Animals, which include humans, get
aluminum through drinking water, aluminum pots and food. In plants aluminum toxicity
results in poor plant health, poor yields and poor nutrient content. Plants obtain aluminum
through dissolved aluminum in the soil solution. Aluminum has a pronounced effect on
mycorrhizal fungi resulting in poor nitrogen fixation.

BRI ATE, XEWRE ESEMaiY. HYMEEY. Eah o BrER T
Wi, B ANENRSIEE KRR, R EYkieh. EEY PR
VESEAEDEREAROUAE . P RBELUCEFRME T A L b i 4
AR AR E R A B R, SEERRCR 2.

Table : 3 Acidity generated from common N sources

Fors: 3 Wil R A HIIR
Soil Acidity and Liming, Clemson University

TR SIRA K, ORI

Ib CaCO3/1b Fertilizer needed to

Nitrogen and Phosphate Source 5 neutralize the acidity &% FIER & Pt
T B IR R 4% i

Anhydrous ammonia Fo7/K& 1.8

Urea [RZ& 1.8

Ammonium nitrate TEESR 1.8

Ammonium sulfate FiEa%& 5.4

Monoammonium phosphate B8 —i% 5.4

Diammonium phosphate B8 — 4% 3.6

Aluminum toxicity is a widespread problem and is one of the major limitations to world food
production as well as reducing the nutrient content of foods. This is especially true in areas
where food production is critical and population growth is the highest. Al toxicity is
progressive, without remediation it will not go away. 300 ppm aluminum in plant tissue
analysis is regarded as toxic and is common in soils with a pH of 5.5 or lower. Soils at higher
pH and generally regarded as having sufficient buffering capacity to resist aluminum uptake
by plants have shown symptoms of Al toxicity. This is due to physical and chemical soil
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impaction, which has resulted in creating soil hardpans and a significant reduction in soil
nutrient cycling capability.

MR SRR R, R R R R A R O S R S B R R
Z o TERREAEF BCEEFIN LK e py X IC AN . SRS it il . 4
RABTHEG EMASHEK. 3005 77 LK BRI R EAE M AT P 0N e 72
HAEpHS SEFE AR 138 Wo pHERR oy Al 40N BAT R WB 2 i eE 1 LLRHL
YR TR B2 R AR P SRR 1% i T BRI I ady 1B
T IBRE AL 37 7 U IR RE T A S AR

Silica Cycle AL EHIH

Terrestrial silica mobility is becoming an important area of research because of the effects

agriculture has on global biochemical Si cycles, (Vandevenne 2012).

5 B | 0 B8 X 7 ke 8 = B 7 N 9 = I 5 e 1 = X2 O ) ol S 4295 e s 231 0 51 S
% (Vandevenne, 2012)

Organic Matter and Nitrogen AR

The mechanisms and pathways of soil nitrogen fixation are well documented. The

management of the soil nitrogen cycle is clearly the most important issue facing agriculture
today. More effort and capital is being spent on the management of nitrogen than any other
plant nutrient, (Brady 1999). The major reasons for this are its essential role in food
production and its impact on the environment. Too little results in crop failures, starvation
and farm ruin, too much endangers the health of all living things, (Brady 1999). The
management of nitrogen with escalating energy costs coupled with increased environmental
awareness is resulting in a tremendous amount of resources devoted to developing solutions
to ensure both farm productivity and the environment can be maintained simultaneously.
These efforts have brought the critical role of soil organic matter and the biological
mechanisms that incorporate carbon and nitrogen into a functioning soils system into play.

TIEE FAINLHI R T A I LI RAIEPAAY LR AR 24 4 R b T Il ) i E
HHRE. HEZHSE MG EIEENTRER L, WA EHAERAEYE SRR,
(Brady, 1999) o H:=5 5850 PR B E B il A 7 e HC G PR35 08 2 W) 75 T 1) B84 o
B/ i AR DURFIR S BUK . B2 1206 KA R (Brady,
1999) o FEERET AW T M U RGR I . R E B SECR R IR
FIFRMERITS, BRI DFIEME R A B RS . X L8553 7ok T LAl
W ) % B4R FH LUK B AN AN 38 R s AR LE LR

Nitrogen alters plant composition more than any other mineral nutrient. Excess nitrogen
fertilization will result in nitrogen content at the expense of most of the other major plant
constituents, (Marschner 2002). Ironically it is adequate nitrogen that results in enhanced
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protein synthesis represented by lipids, chlorophyll, carotene, vitamins A and B, (Marschner
2002).

RECHANG WrE IF % ERENCEMYIALA. o B RIEK- B S B LA E4 HoA
FEEAEY S A (Marschner, 2002) o BATINRIEIRIE, IEREBHRSTELL
Jalt. ek I3 bR iR KARBANREREH FrE M (Marschner,

2002)

From a soil microbiological prospective data is available that indicates increased populations
of bacteria and fungi but this has been tempered by the fact that direct positive responses to
mineral nitrogen will only occur if the soil system has adequate carbon at the time of
fertilization, (Domsch 1985). The cultivation of soils results in a rapid loss of organic matter,
(Juma 2002). Potentially as critical as loss of microbial habitat due to organic matter
depletion are changes to soil microbial communities. Excess N in carbon-limited soils has
negative effects on microbial biomass (Beck, 1984). An experiment, conducted by Smyk,
Rozycki and Barabasz, (1985) found applications of mineral nitrogen (120 to 360 kg/N/Ha/
year) resulted in distinct changes in the structure of microbial communities in the soil. After
three years of test work, on mountain meadow grasses, at the above-mentioned rates the
following observations were made:

M A3 a] DU B RAE P TR AOE . RPN R E A A R, (HX PR E A2
BT LUT SRR X R B A ma B U Y AR I 3 R g B A R B Rk
A4 %4 (Domsch, 1985) . TIERIREFHS SEEVIWIPLERISK (Juma

2002) . W] AES A YA B R G TR, 8 T 3 2k [ A B A IR AR My R TR R A
tbo BREEH 3 A B R A A Y B 2 (Beck, 1984) o H
Smyk. RozyckiffiBarabasz (1985) FATHI—Isci RPN, HiF#H W5 (1205360 kg /
N/Ha /%) SEIERBAEMRE SR A B, S8 248 T/EE. 7El
MR b R AR Y DL SR 45 R

1)  Nitrosamines were prevalent in the fertilized plot, none were found in the control
plot. Nitrosamines may bring about mutagenic phytoxic (poisonous to plants),
carcinogenic and teratogenic (developmental malformations) in microorganisms,

plants and animals. SV 5 7 76 T HEAC FH epr L 7600 B v oR & A o
WAHNE ] RE SEAS A YRS SAYE YA ) « SURFIER
(RBETE) o

i1) Decreases in the number of bacteria accompanied by increases in the population of
fungi of the genera Fusarium, Penicillium and Verticillium. These changes have a

negative effect on the stability of the ecosystem. [ &8 JIF B B &8 M #H
JBEFPMEFECRIIE M, SRR, XWX ESRERREEAR i
AR

38



iii) A 77% reduction in the number of plant species composing the meadow sward. ZH Jik,

EYH YR IR A TT % o

There is sufficient evidence that nitrogen fertilizer stimulates microbial growth though
enhanced use of soil organic carbon, (Westerman and Tucker 1974). Loss of organic matter
through tillage and fertilizer application will result in organic matter levels at levels not
adequate for the requirements of resting soil microbial populations, (Anderson and Domsch
1985). This work suggests that depleted organic matter content in cultivated soils coupled
with heavy nitrogen fertilizer applications has created an environment that is detrimental to
all facets of the biosphere. Instead of creating an environment which will increase soil
microbe diversity which intern ensure soil pools of essential plant nutrients current practices
have led to requiring higher quantities of inputs. The reduction of plant species as a result of
changing soil microbial communities suggests that the symbiotic relationship between plants
and microbes is critical and is lost due to longterm application of N fertilizer. This may not
only demonstrate the need for soil carbon renewal, but the type of carbon additions. Microbes
may have very specific nutrient requirements and to encourage microbial diversity may
require diversity of mineral constituent’s within organic matter base.

A L5 4 2 PH RN 1 14 35 HUBR A 68 B R AU AE A K (Westermanifll

Tucker, 1974) o BHEFHEAEKE BHA VU I SECEVUTUK A A HI3EREY
FhEER B ZER  (AndersonfllDomsch, 1985) o X TAEFRIHBHME LI IIGHTR S
A, I EREREAER, &8 T —FXT Y E S A A E IR . XFh T
RO 24 5 SL B R M 3 0 M HIEE R EE SN . ARG E— AN S35
A 2RSS . HIERAE Y BRE L SRR P28/, X LMY 5 A
Yz B IERRBRER, HETRUEHZEmMER. XA ER T 5k
TR BN, i HIAR I TR REL, AEY TR B R R E R TR,

R TIRAAEYI Z AN, FEAEAVIERN AT YIRS 2 R0

Soil Compaction 3% [ 52

Plant Nutrition V= 35

Concepts of Sustainable Agriculture 7] 33:2¢ 4 [V B &

An Overview of Microbial Mineralogical Interactions within the Soil

System 13 R4 P IUEYIH H R

In K.H. Domsch presentation at the proceedings of the Federation of European
Microbiological Societies Symposium, (1985) on “Microbial Communities in Soil” the
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discussion on the contribution of modern agriculture practices to current environmental
problems has come to the forefront due to the culmination of warnings presented in the
media. According to Domsch the catalyst was the American biologists, Paul Ehrlich, who in

1972 claim that, “world agriculture today is an ecological disaster.”6

BTk SRR 5 k0], K-H- 2186 (KH. Domsch) 7ERRIMAEYI % 2B A B S
(1985) KT L RLEYIREE IS B T 5% T BUARROIL S B0 24 i PR )
B TTRRA IS . ARYE 2 WA B, HARE AR SE B AE Y R R T R
(Paul Ehrlich) , fB7E19724E/FR: “BLA R R R — I E T M. 76

The disruption of geochemical patterns due to human activity has directly manifested into
changing climate. Until recently very little attention has been placed on soil degradation as a
contributing factor. Though the quantification of soil health is far from complete the
importance of soil microbial communities in regulating global geochemical cycles is certain.
Though agriculture has been cited as a major contributor to the problem a greater
understanding of the dynamics of the pedophere gives rise to the real opportunity
agroecosystems can play in mediating current global environmental problems.

BT ARGl i 1 BRI A B . ERRBON Utk EEASH, MK
DR LR — MR A R X — . BRI AR AR . (H
PR BRHERAL AR IR E VIR EAR L BB . R AR B A2 i X —
U 2R, (BRSNS TR 388 15, W DO RO AR S R G U A 4 AT Y 3k
WI5 R R O R L% -

The role of living organisms in mitigating geological change is proportional to mass of the
life form and the mass of microorganisms combined is much greater than that of any other
life form on earth. It is the microbial world that plays the prominent role in the geological and
geochemical processes the shape the planet. The natural division of life on Earth is not plants
and animals rather bacteria, cells without a nucleus and all other life forms. Bacteria
evolution have led to all life processes fermentation, oxygen breathing, removal of nitrogen
gas from the air and photosynthesis (Margulis, Sagan 1997). Microorganisms create
enormous stores of chemical energy from a multitude of complex geochemical reactions.
These reactions are occurring at inconceivable speed (Vernadsky 1939). The catalytic effect
of biological systems can accelerate geological processes often by a factor of more than a
million (Westbroek, Bruyn 1996).

6
Paul R. Ehrlich, Anne H. Ehrlich, (1972), Population, Resources, Environment: Issues in Human Ecology,
Second Edition. Paul R. Ehrlich, Anne H.Ehrlich, (19724F) , AH. ®E. I ANBELSHNE G,

5 R
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A WA e 22 AR SR AL R B AV T 5 AR AR S SR SE LG, T E MR B R
FHER EHAMEMAEMESR SR, GUEYHE R e AR 2 R R R
Ve Bk BRI AR EAEY S, oA S0 A% B 40 L i
AHAMA GBI MRS T IaEmE LR, FPIRAE T NE TR ERR
SHDEEVER (Margulis, Sagan, 1997) o fAEMIMF 252 A BBk 22 SR b B 3
HE R ZRE R o XL DI AT B3 B % 4 (Vernadsky, 1939) o 4
Yy 2 GE A A P E AT DUAE B R sl i — 75 4% (Westbroek, Bruyn,
1996) .

The ability of bacteria to transfer different bits of genetic material from one individual to
another gives the entire world bacteria kingdom access to a single gene pool. The speed of
this process over mutation by larger animals is far superior. Where it would take animals
millions of years to adjust to changes on a world wide scale it would take bacteria two years.
The ability to communicate and exchange material on a worldwide basis allows the
microcosm to adapt to large external changes in the environment that ultimately affect all
plants and animals, (Margulis, Sagan 1997).

20 T A RE 18 A7) (5L 1L R 38 1 W ST — AN AN RS B 55 — A Ml R A R0 40 R
FEBEBIRAF AN TR E . XM EBRERB YRR IR L . ST E
T REIE DL ERYU B R AL, 200 6 DU 5 P AE A I ] o 7B A BRI Bl PN 28 Rt AN 52 45
R RE GO S5 RE A 385 I P15 r IR L8 B 2 5 W 21 B A SR Y LR AN AR Ak
(Margulis, Sagan 1997) ,

Current research suggests microorganisms significantly affect mineral dissolution rates and
thus the formation of soil. This implies that the earth’s systems evolved simultaneously and
long-term forecasting of climate change requires a comprehensive understanding of
mineralogy, soil chemistry, and microbial dynamics. Microbial mediated mineral
transformations occurring at the surface of our planet are essential to the biosphere. In fact it
is biological mineralogical interactions occurring at the surface of our planet that results in
the formation of soil, rocks, geochemistry of the seas and particulate content of the
atmosphere, (Krumbein & Dyer 1985). Mineral change at the surface of the earth is called
weathering. The term weathering has the negative connotation of mineral destruction. The
geological change mitigated by the biosphere is not a destructive force but one of
transformation.

HETRIREE R, EY B0 T Wi k2, I IR . X R
HWERRGE R I BEA, SARAR AL AR 5 22 1 R s LA G Y sh
1%t AEMERF T LA GEY T I PR A R Bk R, Sebr b, EFRAT
FERFE T & AR AW A EAR A T 38 A A BT, BRI SR R UM
Fi¥& & (Krumbein &Dyer 1985) o HuERF M AT WAL LFR AR AL . « KL 1A H
AHYIINE SOE 2 o A Bl 2 B M SR AL A SRR T A PR
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Living systems do not only adapt to the environment but shape it to maximize its

geochemical potential (Krumbein & Dyer 1985). The development of the soil profile is a

beautiful illustration of biological mediated mineral adaptation to maximize nutrient cycling.

Where soil mineralogy ultimately dictates the geochemical potential of the landscape the soil

system determines how effective this potential will be utilized by plants and soil

microorganism.

ATMOSPHERE

BIOSPHERE

LITHOSPHERE

ARG AMGE NI, IREEIRE, (i
BRAL 2418 18 KA (Krumbein & Dyer 1985).

B & SRR AR A T W) S B AR K
TR VG B A BIE . 380 2 B A o
FE SO HIERAE 22 B T ﬁﬁiﬁ%%éud&ﬁ?
FE PN ST ) FH X s TR

Dynamics of the Pedosphere zfj{&%)
FHIBNAS
(Juma and Nickel 2000)

The bulk of living organisms exists within a
few meters of the Earth’s surface where liquid,

solid and gaseous phases mingle. The result of

this intermingling is a distinct thin geological

profile comprised of clay, carbonates and oxides known as the pedosphere. The development

of soil requires two distinct geological processes; the formation of parent material and the

second process is the actual formation of a soil profile. Whereas the parent material

ultimately dictates the geochemical potential of the landscape the soil system determines how

effective this potential will be utilized by plants and soil microorganisms.

RERGH EMFAE T HIERR LR 2N, R, M. AR OMIR S . XPHEE/
ZERE R BRIR AN S AL WA RS ) B A T T RO R

(pedosphere) o 34 F T B AR AN ] O e A BF IR TR Jl R 4 38 50 Tl ) 5%
IZTJ?’ ﬁJZ REBEFURZRE T M BRAL 22T 7, (B3 RGP T AR 33 6ok

R A 2 X — 1

Soil formation is driven by biological processes. Microorganisms create enormous stores of

chemical energy from a multitude of complex geochemical reactions occurring at

inconceivable speed, (Vernadsky 1939). The catalytic effect of biological systems can

accelerate geological processes often by a factor of more than a million, (Westbroek, Bruyn

1996). The consequence of this complex interaction is the accumulation of organic matter,

humic substances incorporated into the soil and the formation of clays. This results in the

formation of vertically stratified layers or horizons recognized as the soil profile. Generally
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there are three horizons within a soil profile, known as A, B, and C. The A and B-horizons
represent the true developed soil where biological activity and clay formation takes place.
The C- horizon is the parent material from which the soils are formed. The C horizon is only
influenced by geochemical weathering and much of the original mineral structure remains
recognizable. The biological activity within the A-horizon results in soluble compounds and
clay minerals accumulating into the B-horizon, this is why the A-horizon is often called the
leached layer and the B-horizon is referred to as the enriched or mineral layer. Most horizons
are noticeable because they differ from other soil layers in clay content, organic content,
color, kinds and amounts of salts.

TIERTE R A RS o AR PaE I LA AT RS S i E A A A K AT T LR
by, i T B A RE B Af 45 ( Vernadsky, 1939). ¥ RETHHEALVE @S
AT DU b A2 0 10022 77 /% ( Westbroek, Bruyn, 1996 ) 3XFiE 2% HAH HAT H 1 A
THYWIBRR , JEEV N LR R Lo XN T 3 B2 2 B g T K
FHUZTE K. @, LRI A=EAEA, FOVA. BRIC. ARIBEMARE LA AL
Yrid s AR LR IE L L. CRR LRI L. CRZ BRI KL AE
FIRIREM , KERS R IET I EAa T nT R . AJ2 N AR Y176 3 S80I & ARG

T WIREFBE S KRN AAZBEFEPIAMBE . BEYFR N EEZHTY)
JZo KARFRAERIN S W, FOVENTER L& 8. AILER. Bie. SRR
B EARTEAM LR,

Soils can be described as a self-organizing system that adapts and transforms parent mineral
material into a developed soil profile that is best suited to the landscapes mineralogical,
physical, biological and climatic conditions, maximizing geochemical potential, (John Slack
2010).

EHT LR A BASURS . TR PRI LR A BT )
B AR AR R B AT . A PR G MUBR 238 /3 John Slack,
2010 ),

Most soil microbiology studies focus on the upper soil layer and do not take into account the
increased thicknesses and bulk density of the lower profiles. In terms of correcting soil C and
N content, it should be recognized that there is more organic matter below 25 cm then above
it. Nitrogen fertility is concentrated in topsoil while active carbon is more pronounced in the
soil substrates, (Paul E.A., Clark F.E., 1996)). This is referred to as the vadose zone (CO2
enriched). Without microbial and plant activity soil water would cease to be carbonated. The
community of organisms living part or all of their lives in the soil has been described as the
soil food web. The soil food web describes the critical role these mutualistic organisms play
in nutrient cycling within the soil biota. Soil microbial communities represent diverse,
complex, functioning microenvironments. The complexity of the pedosphere is represented
by microbial numbers exceeding 1 billion and diversity of species in the tens of thousands per
gram of soil, 99-99.9% currently unidentified, (Banfield, 1999). Both bacteria and fungi
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numbers decrease with depth, with fungi exceeding bacteria numbers in the subsoil.
Fluctuations in biota populations commonly occur and in alluvial soils organisms are more
abundant in the silt and clay horizons, (Paul 1996). Soil microorganisms have charged
surfaces resulting in an attraction to clay aggregates. The largest soil microbial communities
exist on charged clay particles. Microbial colonization and resulting soil structure is critical
for the establishment of higher plants, (William, Welch, Banfield 1997).

RKEH IR RMET L2, WA HER T 25010 R R AR B 1Y
e TEAERIERRAMASRITE, MiZARBR2S eml N L 2P EEZ G0 . &
IR R ER 2 3, iETERTE IR i B oA B (Paul EA., Clark FE.,
1996). XBEFR A (E & A8k ). WA TIHEYFIMEMIES, H3KBAE
et AR TEAE TIEA R sl e TR A I RE S R o HIEEYIN . HIEEYI MR T X
L H AR LIEAEBEN T IEIA PR S E R . IEAEMEEERE T 2. &
Z. DIRESRKHIOAE . HIREME e R I 102 RUAEYEE, B s
YR 2 REMER B R, BT 99 %399.9 % AR ( Banfield, 1999), ZiEHIE
AR AR A VR B RIS I b, M N AR R E . AR B s &
AL PR SRR AR, B A A R O EE (Paul, 1996). HIEARI H A
T, R REAREART] T, BRI IR YRS e T AR 80k L.
THAE ) 8 RERH FH O 2 AR 1 L SR A5 MR s S AR Y S, B G B S (William, Welch,
Banfield, 1997) .

Second to photosynthesis in importance is the 1on exchange and exchange reaction, (William,
Welch, Banfield 1997). The formation of soil clays is accomplished by soil microorganisms.
Clay minerals have the property of adsorbing certain anions and cations and retaining them in
an exchangeable state, (Grim, 1968). In general, the most common exchange cations in the

2 2+, NH4+ ~K+> Na+, (Juma
2002). Common anions in clay materials are SO4_, C12_, PO43_, and NO3_. Microbial

. . + +
sequence of relative attractive forces are Al3 ,Ca” ,Mg
colonization of soil aggregates take advantage of this phenomenon. Soil clay mineralogy is
complex ensuring a wide diversity of cations and anions essential to productive microbial
communities and higher plants.

R THEER RS TR Az . (William, Welch, Banfield, 1997) . +3#
R HITE B A Y SE U o R B ) B A W i S 2 B S R0 BH S - e e AT
{RFF AT RS PR ASH BT ( Grim, 1968 )0 — kit AEXTIR G| 175 H B i Wb A8 466 FH
BT RARY, Ca2t Mgt NHY ~ K > Nat (Juma, 2002). 85 -tbHkh b a9 T
#50%, 0%, POg> AINOY . LB AR A AT TIX % . LR 1
Y — 1 12 Z5 B 2R, BROR T AR =M S AR 0 AR U5 N 1 S A 4 b 75 1) FH S A B
TRz 2R

Clays being tiny nanocrystalline particles and essential components of the earth’s surface are
layer-type aluminosilicates, referred to as phyllosilicates. They arrange themselves into a
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structure of platelets similar to a deck of playing cards referred to as a colloid. This results in
these compact nanocrystalline structures having very large surface areas. Illites having a
specific surface area of 97.0 m2/gram and kaolinite 16.0 m2/gram. The best way to describe
this incredible phenomenon is to tear the pages out of a book and place the torn pages side by
side. The rather small book would cover a very large area and the number of pages would
determine how large the area would ultimately be.

it w1 AN b ST N T v B B2 3T
PIFEARSY . R IREERREREL . FR AT
R . 1R E CH TR
FEAR AR LA I IR S5 4 o X FEGX 28K
Ep SN ARER S E [y Ny 8
RA LEN7.0 FI5 k50, BIRA
HF16.0 FF7 K/ TE o FEIRXFPA ] LI
C RS S Rr S e (L Rl G CL ek N
FEAEHHA BT HEE . XA S /N
Pk 8 SR KR TEIAR , TUECK P E T
NRAHZ Ko

1R

Absorption of water and nutrients occur
over the extent of the root system but the
majority of activity occurs in the younger
and deeper roots, (Weaver, 1926). The study
of root development by Weaver

E_JI

demonstrated the remarkable extent,
diversity and importance to soil

|48 ! ~ | . development and the role subsoil plays in
plant nutrition. Experiments with a variety
of cereal crops documented that plants in

later stages of development received their

Sugrbnlegmun fine sendy loam, showing root stratScason ) .
in second and forth foot where kayers of clay were encountered.  NUtrients and water from the deeper soil

( Weaver John E. (1926). Root Development of Fekd Crops, :
University of Nebraska, MoGraw Hil New York ) layer§ even‘ whc.an j[op soﬂs: were abunda‘ntly
supplied with similar nutrients. Absorption

of nutrients from subsoil affected considerably the protein and quantity of the yield.

IS FOFR 43 WO 2 HEAEBEAMR RVE I . (H R 285006 3h & AR FE AR B R BRI AR 2R
H1(Weaver, 1926). 3 (Weaver) MR RZABFWMA LN, LIELETHEEEE.
SAEMEENE, DR HEHYE SRR ER . XTEMERIEYRRIGIER , BRAH
FELIERBHNVRLPMERE, AT LB RN IR 1 ERIFRE 5K
4o MR TWRCE 752 W0 I B RS W R 1 ORI P
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Weaver’s work contradicts the view that only the top 6 to 8 inches of soil is suited to plant
life and subsoil only play an indirect role in plant nutrition. This notion only fits in geological
settings where soil regimes have undergone intensive weathering. This requires distinct
geological conditions coupled with water and high temperature. An example of this would be
lateritic soils of humid tropical regions formed from acid granitic rocks (Leneuf, 1959).
Weaver’s study of root habits clearly illustrates increased root development corresponding
with mineral rich subsoil strata. Soil fertility recommendations never evaluate nutrient
resources of subsoil. Not recognizing the role of soil substrates in plant nutrition has resulted
in excessive fertilization and soil degradation.

= 3 I A5 AT 6 289 < i) 3308 A A A KA LAFERE S 5 Hh i le] 424
W SAR T JE o XM O0E T 352 5 2R R USR5 o 3R 5 20Uy 14
BAAT N _EAKR il e e rp — A5 F R A B 5 T2 JB ) ety el X A 21
Leneuf, 1959) FHIRIARR SIMEABFFHE ML T 5 S0 W T Z L W
HIMR AR R EA PN HIE T BOAAIEAG IR AE TR IR BAT IR 2 L3 FE
TEAEYIE 7 T AR 80T S BN LR AL

Potentially the most critical factor affecting biologically mediated enhancement of mineral
weathering effecting soil fertility is soil structure. There is a strong correlation between soil
structure and organic content. Roots of higher plants stabilize larger soil aggregates,
providing channels for water and oxygen. Fungus and bacteria dramatically increase contact
area between biological and mineral surfaces significantly enhancing mineral dissolution.
While the aggregation of soil particles by plants and microorganisms reduce physical
weathering rates, increased mineral surface area, increased water retention increase chemical
weathering. Microbial colonization and resulting soil structure is critical for the establishment
of higher plants (Barker William W., Welch Susan A., Banfield Jillian F., 1997).

M) XA A A 5 Y Lo i) - SRR ) B S i TR 3 T R IS M . L IBSh
5HENYR S EARBPAE . BEEYPIREE TE R HIEHA R, JKFR
SRPE T EE . FER AN BN AR R T IR, BERE T
VI i AR YA S A Py o) 3B RORE R SR AR B A T 3 XA 2, 5500 T3 Py AR
TRAHEFNE2ZE AR R o B A2 e A AN H 1= A Y 33 G5 A 0 T 1 S AR N 3 %
B3 (Barker William W., Welch Susan A., Banfield Jillian F., 1997) .
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Peat Ammoniated Mineral Fertilizer J i EALH P IE k]

Peat Based Mineral Fertilizers is the principal agriculture use of peat in Russia. Referred to as
“Peat Ammonia Mineral Fertilizer (PAMF) it is composed of milled peat and minerals
(nitrogen, phosphorous and potassium). The mineral fertilizers are applied on the peat before
extraction. Liquid nitrogen is added to the mass after extraction. PAMF is much more than a
mixture of peat and minerals because the added ingredients are combining with active
fractions of the peat hydrolyzing with water and forming new components. The organic
components in PAMF are there to promote plant and soil microflora development and the
assimilation of plant available mineral nutrients. Unlike mineral nitrogen fertilizer PAMF
fertilizers, which are composed of 90% organic substances, effectively transforms added
nitrogen into forms which are not detrimental to soil biological systems. This type of
fertilizer increases soil’s fertility by improving its physical, chemical and biological
properties.

TERZ W, VeRIET YNCE Ve R M EZRM AR BAR A Ve R LT AT E
(PAMF) , ‘& HBBRRMRRMT YT (. B 40k, JRBGTES YAk it

TEVR S bo $RBUR FIAR PN R . PAMFAMUEIR R YR RIES Y, BHR
BN 5 PR B IEVERR 2 S5 e, 5K — K TE 45y . PAMF
WA LA S AT SRR AN R W X R 2 DL AR TR 8 ) 0 97 0 5
M. AR TFA P RACPAMEALEL 90 % ALY DAL A, T A R ks RN Y SR
IR LSRRG F RN KPR ARSI S B, fe AR YRRk
BNt SERIAE S

Microorganisms accomplish the decomposition of plant residues. The complex compounds
are broken down to simpler ones referred to humic substances. Humic substances have been
classified into three chemical groupings based on solubility: (1) fulvic acid — soluble both in
acid and alkali environments, most susceptible to microbial attack; (2) humic acid — soluble
in alkali but not acid, intermediate resistance to microbial attack and (3) humin insoluble in
alkali and acid attack, most resistant to microbial degradation. It is recognized that the
benefits of humus will accelerate water uptake, enhance germination of seeds, stimulate root
growth, enhance growth of plant shoots and stimulate growth in plants and microorganisms.
Commercial humate products claims that at very small application rates plant growth are
enhanced but scientific tests of many of these products have failed to show any benefit to
plant growth, (Brady 1999). Unlike predominantly NPK fertilizer and proprietary product
programs employed in North America, PAMF addresses the functionality of the soil system.
PAMF fertilizers, supplies the soil with degradable carbon and sufficient quantities of humic
substances to stimulate microflora, which in turn enhances plant growth. The move to
agricultural practices, which are harmonious within sustainable crop production ecosystems,
will result in a move to PAMF fertilizers.
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Composting with Peat Jg ik HEAE

The composting of peat with organic materials, vegetative and animal origins are called “peat
compost”. In Russia after mineral fertilizers the principal use of peat is in composting. More
than 100 million tonnes of peat per year are used for this purpose (Gelfer, 1985). The
principal peat based compost products are cattle and poultry manures.

RS HEIIIB HPE IS IR HERC AR A TR SR HENE . TERRE W, HEER™ )
HERLZ G . Jemi) EZA SRR . ST MR TR TILHAY (Gelfer,
1985) o M LR s LR SERE P o R R & N .

In Canada Mathur, Levesque, Dinal and Daigle (1985) have done the most work with
composting peat. Their work demonstrated that peat was an excellent substrate for
composting. Fish, crab and seaweed residues were composted with moderately decomposed
peat (H4 on the Von Post scale). During the preparation of the compost 2/3 of the required
water came from the peat. This excess moisture content was a contributing factor for compost
microbial activity. The compost was comprised of 40% peat by volume. The same team
conducted testing in Kapaskasing using peat, liquid and solid cattle manure, poultry manure,
lime and sandy phosphate (Cargill Apatite).
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Other experiments demonstrated the use of decomposed peats did not give satisfactory results
because of absorption difficulty and low exothermic fermentation. The content of

carbohydrates decreases with the degree of decomposition and in these experiments highly
humified peats were used. The use of slightly humified peat (H3-4) as a source of
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carbohydrates appears to work the best. Peats used for compost must have certain
characteristics to effectively be utilized, table: 1 “USSR Quality Standards for Peat Used in
Agriculture and Horticulture” outlines these differences. There are a number of key attributes
peat possesses which no doubt will expand its use and are:
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a) CEC - peat has an exceptionally high CEC value, (60 to 160), making slightly to

moderate humified peat excellent bedding and composting additive. [H B 732 #{E 11
(CEC) ——RxEARFFHPIHEFacHE (602160) , R 2 FEHE
TRt B2 FHERE AR N o

b) Absorbing Capacity — the ability to absorb and retain water is essential for good

compost. B BE FJ — — R ERAF 7K 73 BRI BE J1 0T R R HEAE 22 5C L 38

¢) Biodegradable Carbon — slight to moderately humified peat is an excellent source

of carbohydrates resulting in soil microflora stimulation and composting qualities. 7]
A IR it R Ik — — SR 0 2 v A S AL R e — PR U BRAKAL B IR U, 32
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d) Humic Content — moderate to highly humified peats are very high in humic
substances. Applications of mineral rich, peat-based compost are a better way of crop

fertilization. JEFARR & & — — v B2 2 & BB FEAL IR AR I FE Y PR H T o S
B IR R AT A 1 A it A e B 7 5
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