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Abstract:

This study was conducted with samples taken from two depths of two Brazilian soils from the
"tabuleiro" of the state of Pernambuco, and the surface soil of Blodgett series of western, Montana. The
tab uleiro soils are from very level areas which would be advantageous for agricultural development,
but the soils are very sandy, highly leached and extremely infertile. Micronutrient cation deficiencies
are common in these soils, and detailed studies had not been made to determine the chemistry and
fertility relations of these elements in tabuleiro soils. The Blodgett soil represents a common soil from
Western Montana, but one of relatively low fertility.

Determinations of the retention and leaching of copper and zinc, were conducted. Results indicated that
both elements were readily retained by the top soils, and this retention was two to three times greater
than that of subsoils. The Sao Jose soil retained more copper and zinc than the Ubu soil at comparable
depths. The organic fractions retained five to ten times more copper and 'zinc than the mineral fractions
of the same soil. The Blodgett soil retained 10 times more copper than the corresponding depth of
Brazilian soils, however, zinc was retained almost equally.

The sulphate forms of copper and zinc were less subject to leaching than the resin adsorbed or chelated
forms; these two forms leached up to 100 percent of the initial copper or zinc added.

Growth chamber experiments, using barley (Hordeum distichon L. variety Hypana) as a test crop, were
conducted on these soils to identify micronutrient cation requirements, and obtain information to
determine the most efficient source of copper, iron, manganese, and zinc to correct deficiencies.

It was found that copper appears to be the most limiting micro nutrient cation for plant growth on these
Brazilian soils. The sulphate forms gave higher dry matter yields. Chelates failed to adequately supply
the micronutrient cations required for optimum plant growth under the conditions of these experiments.
Resin adsorbed micronutrient cations also were less -efficient, than sulfate salt forms. The Brazilian
soils had been steam sterilized. The results must be interpreted by including the known influences of
steam sterilization on micronutrient cation availability.

Results from the Blodgett soil from Montana suggest that only supplemental . nitrogen, phosphorus and
potassium are required for barley growth under these experimental conditions.



MICRONUTRIENT CATION RELATIONS OF “TABULEIRO"
SOILS OF NORTHEAST BRAZIL

by

JOSE PEREIRA LEITE

A:thesis submitted to the Graduate Faculty in partial
fulfillment of the requirements for the degreé

of
DOCTOR OF PHILOSOPHY
in

Crop and Soil Science

Approved;

S PLZ

ead Major Department

Grédyéte Dean .

MONTANA STATE UNIVERSITY
Bozeman, Montana

June, 1971




M ‘51:...‘,,;'.2.";

To my wife, Odete, and daughter, Anamaria,
whose company, encouragement, and dedication

made this work possible




iv
ACKNOWLEDGEMENTS

The author expresses his~sincere gratitude to the flant and
Soil Science Departmept, Montana §téte University, Bozeman, Which
provided the equipment énd facilifies for this investigation.- |

He also would like to acknowledge the help and ide#s received
from the committee members; Drs. A.“H° Ferguson, E. R. Hehn, J, R,
Sims, and J. H. Brown.

The author cordially expresses his appreciation to Dr. Earl
0. Skogley, major prqfeSsor-and better friend, for hiS'éffo?t, yet in
Brazil, and guidance throughout the -couirse of fhis investigation and
during the‘author's graduafé prograﬁ; |

Sincere appreciation is gxtended also to USAID and the IRI
Research Institute for their economic supfort and 1ogis£ica1 assist-
ance throughout the guthor's program; |

Sincere thanks goes to Dr. Ursulino'Daptas Veloso, Director of
the Instituto de Pesquisas Agrongmicas de Pernambuco - Brazil who in
1968 finally granted the author permission 8o leave the institute,
materializing the author's dream to earn a U. S. degree. Also to Drs.
M. B. de Carvalho and AntBnio Viera de Mello,'for the patience, and
persistency of sending the petitions every time they were reqﬁested.

Thanks are also extended to Dr. E. Smith fof the computer analysis
of the data.

The writer kindlf gives his thanks to Mary Cline for typing this

manuscript.




v

TABLE OF CONTENTS

Page
DEDLCATION=-==---m-mmmcmmm e o e e oo e moomem-- ii
VITA---ommemmmmmmme g mcmme oo me e m oo mmmm————eeme - iii
ACKNOWLEDGEMENTS === =--mmmm e e e c e m e m i mm e mm e e e e o m e - iv
TABLE OF CONTENTS === === e mmmma o cmmmm o cimammm o m v
LIST OF TABLES-==--=-==m-mmmmomammmme o m o mmomeom oo m vi
LIST OF FIGURES---=--==-c==m=m=commmmmmeomommmmmmome—mmion - giid
ABSTRACT-----===-==- B T T T L EE LT TR xi
INTRODUCTTON = = == == = == == == = = oo e TP 1
LITERATURE REVIEW--------- P s T ETEE PR 7
MATERIAL AND METHODS----- R L L mmem———————— 42
Soil Characterization------- et L R D L b Lt 46
Separation of Mineral and Organic Fractions------ m—— 48
Copper Retention Studies--===-==mm--eocmccmoeaacamea 49
Zinc Retention Studies--=-==-----=mm-ccmmmmmoomommoo 20
Soil Leaching Studies-===--===m-=c-coccmmmommmm oo 50
Growth Chamber Experiments----- e 52
RESULTS AND DISCUSSIONS-=--=====mmmm==mmmma- e 55
Growth Chamber ExperimentsS-----c-e-cecrmearmcmmcocoenn—o 80
SUMMARY AND CONCLUSIONS-=-=-==mmmmemmromooommmmommoomennon 111

LITERATURE CITED----===-=-==-- R Rt E T --- 118




Number

6.

10.

11.

vi
LIST OF TABLES

Context Tables

Soil test results of five soils employed in
studies—===ccmme o e -

Analysis of soils. Means of ppn of Cu,Fe,Mn and
Zn in soils as determined by DTPA TEA or NH4Ac
methods ===-cmmma e e e e e e -

Copper retention capaci:ty of soils as measured by
Cu remaining in solution after four hours of
contact between soil and Cu solutions-~-=-=-ww----

Copper retention capacities of organic and mineral
fractions of soils as measured by Cu remaining
in solution after four hours of contact between
soil and Cu solutions-=-=m=mm—ccmcccecmne o -

Zinc retention capacity of soils as measured by

Zn remaining in solutdon after four hours of con-.

tact: betiveen soils and Zn solutions------=------ -

Zinc retention capacities of organic and mineral
fractions of soils as measiured by Zn remaining
in solution after four hours of contact between
soils and Zn solution-=--ce-mmcccccmonnm e -

Dry weight yield of five barley plants per pot
as influenced by fertility treatment on two soil
layers of two Brazilian soils and the surface
layer of Blodgett soil===scmemm-cccrncmmreennax -

Means of DTPA extractable "Cu" in soils after the
barley plants had been harvested---~-----=------ -

Means of DTPA extractable "Fe" in soils after the
barley plants had been harvested--=-=-----==- -

Means of DTPA extractable '"Ma'" in soils of the
barley plants had been harvested--=-=-----ecu-u- -

Means of DTPA extractable "Zn" in soils after the
barley plants had been harvested------=-------- -

48

57

58

63

64

8l

93

94

98




vii.,

List of Tables

Context Tables
(continued)

Number

12,

13.
14,
15.
l6.

1v.

Manganese. concentrations of barley grown on five
different’ soils as, influencéd by fertility: treat--
ment.and form of micronutrient------==-e-c-ccuow -

Zinc concentrations .of barley plants grown on five
different soils as influenced by fertility treat-
ment and form of micronutrient---=-----==--=--- -

Manganese yields from barley planté grown on five
different soils as influenced by fertility tréat-
ment and form of micronutrients====s--c--ceccce- -

Zinc yield by barley plants grown in five different
soils as influenced by fertlllty treatment and
form of micronutrient----=e--ce-smuenmmon e aenae -

Phosphorus concentration of barley plants grown on
five different soils as influenced by fertility
treatment and form of micronutrient ~--=---ew-----

Yield of phosphorus by barley plants grown on five
different soils as influenced by fertility treat-
ment and form of micronutrients--====recmmecaccwa -

Page

100

102:

104

106

108

109




viii,

LIST OF FIGURES

Figures

1.

10.

11.

Map of Brazil showing its states. Soils in this
study came from '""Tabuleiro" soils of the coastal
area of the State of Pernambuco (shaded)-=-e-ccuua-.

General climatic and vegetative zones of Brazil--=w--

Copper retention capacity of whole soils as measured
by Cu remaining in solution after 4 hours of contact
between soil and Cu solutionSse--c-vrcccmecccormcccaw

Copper retention capacity of soil as measured by
copper remaining in solution after 4 hours of con-
tact between organic fractions and copper solutions.

Copper retention capacity of soils as measured by
copper remaining in solution after 4 houxs of
contact between the mineral fractions and copper
s0lutionSmercrem e m s c e e -

Zinc retention capacity of seils as measured by Zn
remaining in solution after 4 hours of contact
between soil and Zn solutionS----ceecormccccccccaacoa.

Zinc retention capacity of soils as measured by Zn
remaining in solution after 4 hours of contact
between soil organic fractions and Zn selutiongw=---

Zinc retention capacity of soils as measured by Zn
remaining in solutioen after 4 hours of contact
between soil and Zn solutionge-r=e-e---- —m -

Percent of DTPA extractable Cu leached from the soil
as influenced by type of material added and amount
of water leachéed over time Ubu so0il 0-20c-ce-eeccc--

" Percent of DTPA extractable Cu leached from the soil

"as influencedyby type of material added and amount
of water leached over time Ubu so0il 20-40--ecccecau-

Percent of DTPA extractable Cu leached from the soil
as influenced by type of material added and amount
of water leached over time Sao Jose 0-20-cecwc-c—c———-

Page

59

60

61

65

66

67

68

69

70




13.

14,

15.

16.

17.

18.

19.

20.

21.

ix

List of Figures.

(continued)
Figures
12. Percent of DTPA extractable Cu leached from the

soil as influenced by type of material added and
amount of water leéached over time Sao Jose 20-40-cm

Percent of DTPA extractable Cu leached from the soil
as influenced by type of material added and amount
of water leached over time Blodgett soil 0-20 cm----

Percent of DTPA extractable zinc leached from the
soil as influenced by type of material added and
amount of water leached over time Ubu soil 0-20 cm--

Percent of DTPA extractable zinc leached from the soil
as influenced by type of material added and amount
of water leached over time Ubu soil 20-40 cm-----wu--

Percent of DTPA extractable zinc leached from the
soil as influenced by type of material added and
amount of water leached over time Sao Jose 0-20 cm--

Percent of DTPA extractable zinc leached from the
soil as influenced by:type of material added and
amount of water leached over time Sao Jose 20-40 cm

Percent of DTPA extractable zinc leached from the
soil as influenced by type of material added and
amount of water leached over time Blodgett 0«20 cm

Yield of dry matter of barley on the 0-20 cm layer of
Ubu soil as influenced by fertility treatment and
source of micronutrientSe---eemmco e e

Yield of dry matter of barley on the 20-40 cm layer
of Ubu seil as influenced by fertility treatment .
and source of micronutrientSe-=----eecmeccmemcmcamena-

Yield of dry matter of barley on the 0-20 .cm layer
of Sao Jose soil as influenced by fertility treat-
ment and source of micronutrients--=-----c-eceraaoao

71

72

75

76

77

© 78

79

84

85

86




X
List of Figures .

(éontinued)

Figure

22.

23.

24a.

24b.

Yield of -dry matter of barley on the 20-40 cm layer
of Sao Jose soil as influenced by fertility treat-

ment and source of micronutrients----===weee-ee- -

Yield of dfy matter of barley on the 0-20 cm layer
of Blodgett soil as influenced by fertility treat-
ment and source of micronutrients-=---=--=w----- -

Comparison of each treatment effect on each soil.
Dry weight yields of barley as influenced by
fertility level and micronutrient source (Spils)—

Comparison of each treatment effect on each soil
Dry weight yields of barley as influenced by
fertility level and micronutrient source
(Treatments) -~----=cmmecemcceuc e rmece -

87
88

89

90




xi
ABSTRACT

This study was conducted with samples taken from two depths of
two Brazilian soils from the '"tabuleiro"” of the state of Pernambuco,
and the surface soil of Blodgett series of westeunn Montana. The tab-
uleiro soils are from very leved'areas which would be advantageous
for agriéubtural development, but the soils are very sandy, highly
leached and extremely infertile. Micronutrient cation deficiencies
are common in these soils, and detailed studies had not been made
to determine the chemistry and fertility reélations of these elements
in tabuleiro soils. The Blodgett soil represents a common soil from
Western Montana, but one of relatively low fertility.

Determinations of the retention and leaching of copper and
zinc, were conducted. Results indicated that both elements were
readily retained by the top soils, and this retention was two to
three times greater than that of subsoils. The Sao Jose soil re-
tained more copper and zinc than the Ubu soil at comparable depths. ~
The organic fractions retained five to ten times more copper and
‘zinc than the mineral fractions of the same soil. The Blodgett
soil retained 10 times more copper than the corresponding depth of
Brazilian soils, however, zinc was retained almost equally.

The sulphate forms of copper and zinc were less subject to
leaching than the resin adsorbed or chelated forms; these two
forms leached up to 100 percent of the initial copper or zinc added.

Growth chamber experiments, using barley (Hordeum distichon L.
variety Hypana) as a test crop, were conducted on these soils to’
identify micronutrient cation requirements; and obtain information
to determine the most efficient source of copper9 iron, manganese,
and zinc to correct deficiencies.

It was found that copper appears to be the most limiting micro-
nutrient cation for plant growth on these Brazilian soils. The sul-
phate forms gave higher dry matter yields. Chelates failed to ade-
quately supply the micronutrient cations required for optimum
plant growth under the conditions of these experiments. Resin
adsorbed micronutrient cations also.wete: Less .effiicient: than .sulfate
salt forms. The Brazilian soils had been steam sterilized. The re-
sults must be interpreted by including the known influences of steam
sterilization on micrpnutrient cation availability.

Results from the Blodgett soil from Montana suggest that only
suppteméntal: nitrogen, phosphorus and potassium are requ1red for
barley growth under these experimental conditions.




INTRODUCTION

In Brazil, Columbia, and Venezuela, a large continuous area of
Oxisol soils stretches from the Andes on the west to ;he coast on the
east. Interspersed with the Oxisol soils are areas of hydromorphic
soils, alfisols and Entisols, Agricultural use of these soils has
occurred mainly in southern and eastern Brazil and in northern Colombia
and Venezuela, Very little agriculturai development has occurred over
extensive areas of the Amazon Basin, although soils favorable for agri-
cultural use have been surveyed there (106).

The Oxisol soils with inclusions of_hydromorphic soil, alfisols,
and entisols cover nearly 3,214 million hectares or nearly 25 percent
of the land area of the world. The himid and wet-dry tropics and sub-
tropics are covered mainly by these soils. The estimated potentially
arable hectares come to 1,382 million of which today less than one
feurth are under cultivation.

The minerals in the Oxisols are highly weathered. The soils have
been subject to strong leaching with warmer water than in temperate
regions.

With important local exceptions, most Oxisols are respomsive to
modern management system and can be highly productive for many food and
industrial crops. Although practical ways have not yet been found for
efficient farming on the most infertile Oxisols, such as some in Brazil,
at a high level of productivity, research can be expected to find ways.

Many of the best undeveloped tropical soils .are covered with heavy
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trapical rain f&restsa These .are the soils least understood of any.
Judged by yields of earlier days, they were no more leached of plant
nutrients than many of the currently most productive arable soils cf
the eastern part'of the United States and of northwestern Europe. And
they.are higher in organic matter, although it is brown rather than . .
black. An enormous popential exists within these soils, which could
be highly deveioped with the science and.technology of modern.agri-
culture.

Travelers in thétmopicscommonly associate poor crops with "poor"
soil, and are thus led to great errors. Even the most responsive soils
give low yiélds with inadequate management (Kellogg 54).

Three types of coéstai land forms may be observed along the east
and northeast coast of Brazil; Lagoon sections; hilly lowlands; and
the flat-topped mesa forms, with young sandstone cover (as in Espirito
Santo) that reach the coast in cliffs 10-30 meters hiéh, to which . is
given the name of "Tabuleiros'. The latter two oftem occur together and
erosion has reduced them to simila? altitﬁdes,  They are distinctive
both by their aspect and by their soils. The tabular forms contrast
with rounded hills and the Tabuleiros carry leached, sandy infertile
soils, whilé the hiily soils have weathered into reddish clays a dif-
ference that is very.important to the farmers of this relatively densely
populated coastal zone. | : ' B

The northeast coastal area of Brazil has existed for centuries
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on a sugar cane production economy. In spite of their topographical
advantage, the Tabuleiros have not been used because of théir low
fertiiity. However, it has been impossible to mechanize care production
on the hilly lands due to extreme slopes. ‘The demand for more efficient
methods of production has spurred interest in developing the level, but
infertile Tabuleiros.

Northeastern Brazil covers aﬁ area of 1.5 million sz, 17.6 per-
cent of the national area, and has a population of 28 million people,
which represents 30.4 percent of thé national, acéording to the 1970
census.

The area of humid brushland and associated grasslands of central
and south centfal Brazil and ”tgbuleiros” of the northeast; covers
approximately one-fourth tﬁe total area of Brazil. Most of the area
is level and well suited physically for agricultural development. The
soils are deep, sandy loams to clays and are composed mainly of kao-
linitic claysland oxides of iron'and aluminum, The rainfall in most of -
the area is adequate for crop production. The soils have so little
fertility, that annual crops do notlmature any seed without the appli-
cation of fertilizers. Where fertility is impfoved9 excellent yields
have been obtained.

The area of thg'State of Pernambuco:is 98,300 sza The '"Zona

. : . g
da Mata' of this state has an area of approximately 12,000 szo- The

"tabuleiros' are located in this zone..
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The soils are naturally acid and are deficient in both calcium
and magnesium. Phosphorus is strongly deficient in all areas and nitro-
gen and sulphur are usually deficient. For some crops, zinc and boron
addition are needed, Deficiencies of other trace elements may be
observed in some areas. |

it is to this latter problem that we haﬁe directed our attention.
Objectives of this study were to investigate methods of determining
which micronutrients are deficient for crop production9 and,,foliowing
verification pf a specific deficiency, ﬁhat materials could be used to
satisfy requirements. The high rainfall (over 2,000 mm per year, see
figure 2) and porous SOils.contribute to excessive leaching. Materials
used should be maintained in the soil for long periods if crop needs

are to be satisfied over several growing seasons.
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LITERATURE REVIEW

Micronutrient cations

The term micronutrient -is also referred to as‘microelement,
minor element or trace element. The author prefers the term "micro-
nutriept”, but they will be used interchangeably throughout the litera-
ture survey to reflect the terminology used by authors cited. Further-
more, not all micronutrients are considered in this study, so dis-
cussion will be limited to those studied; iron, zinc, manganese and
copper, the micronturient catioms.

Geochemistry

Copper does not contribute appreciably to rock-forming silicate
minerals and seems to occur in gocks mainly in the férm of sulphides
(23). 1Its abundance is 45 g/ton for the Earth's crust (about 50 ppm).
Where copper is present in appreciable quantity in a rock magma it- tends
to aséociate with sulphur and iron and not with oxygencn:silicoh. The
relatively few deposits of magmatic type copper are mainly of sulphides,
particularly the several complex sulphides of iroﬁ and_ copper.

iron is of high abundance in the Earth (23, 48), comprising five
percent of the crust. In the crust as a whole, iron occurs in combina-
tion with oxygen and enters freely into silicate minerals. The Fet ion
cannot replace ca?t in feldspar for thermochemical reasons, but it is
possible for Fe3t to replace A13T in these minerals.

Manganese is the eighth most abundant metal (1000 g/ton or about

i
1100 ppm) in the Earth's crust (23). The element is essentially




- 8 -

cationic and the highly oxidized aniomns MnOZ and MnO; are unknown in
nature. The ionic radius of Mn'™™ is 0.80 A which is only slightly
larger than Fe++, which is 0.74 X, Considerable interchange between
the two ions in crystal lattices is therefore possible. Manganese is
widely present in minerals, particularly silicates, as a trace element.
Manganese bearing minerals of primary origin predominantly contain the
Mn2+ ion and in the proceés of weathering, this passes into solution as
Mn(HCO3)2° The Mn2+ ions from wea?hering processes remain mobile for

2+ ions.

greater distances than Fe

Manganese occurs in igneous rocks associated with iron (23,48).
The ratio Fe/Mn in rocks is approximately 50. It is found in mineral
structures in three degreeé of oxidation: Mn2+, Mn3+, and Mn4+f As
with iron, manganese is found in hydrolysea residues formed from later-
itic meteorization. Iron is first oxidized, mainly as Fe(OH)3, how-
ever, manganese stays in solution until the greatest part of the iron
has been precipitated. The most common and abundant manganese compound
in nature is Mn0Ojp. In sedimentary rocks manganese is found associated
with zinc, cobalt, and molybdenum (40).

Zinc abundance in the Earth's crust is about 65g per ton (72
ppm) (23). TIn the weathering of rocks zinc passes into solution and
subsequently is precipitated in various forms such as carbonates, sili-

cates, phosphates, etc. However, most of these compounds are amenable

to acid attack, for example, in soils.
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Soil Relations

The total concentration of trace elements in whole soil is .
reported to be higher in well drained profides (particularly for
.manganese)(26,46), There is a tendency fo; the total trace elements
to increase with depth (46,113), irrespective of draimage status. It
also was repdrted that in the surface horizons, the bulk of trace ele-
ments occur in the finer silt and clay fractions in both the well and
poorly drained profiles (26).

One of the most important factors affecting the mobilization or
immobilization of micronu?rients in soil is dfainage-(46),' The ex=
changeable or acid-soluble form of the element may be concentrated
near the surface. This apparentlf holds true for well-drained soils,
but for their poorly drained counterparts, even the extractable forms
are concentrated in the lower horizons (100,102).

Soils vary along horizontal and vertical directions (68,75),
and even apparently uniform 1ayers differ in available natrient con-
tent, the surface soil usually being the most fertile (75).

The total microngtrient content of a soil hag little significance
(32,107,108), beéause marked discrepancies between.total content and
availability have been noted (699108); The availability of micro-
nutrient cations generally is favored by acidify (107) . The current
trend in estimating availability of micronutrient cations is to extract

the soil with more vigorous reagents in an attempt to establish the best
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possible correlation of extractable cation with actual hlant uptake
(108). Soil testing for the micronutrients is particularly difficultv
because of our lack of knowledge of their behavier in the soil=-plant
system and ourlladk of dependahle criteria for judging when a plant

is :suffering from a deficienty-(li‘O)° The problém is one of making
chemical and physiological reason ont of the soil-plant system when

so little is known about the physical chemistry'of the m}cronntrients
in the soil sys tem and the plant's reaction to:them (108).

' One of the problems in testing soils for the micronutrient cations
results from the differences in crop aensitivity'to the supply of the
elements. These differ among sPecies, sometimes eyen among varieties
in a species and ate a manifestation of differenceslin the plant's
ability.tolexttact the nutrient from the aoil and éifferences in the
plant's reqnirement for.metaholism. For each of the mieronut:ient
cations there are plant species that are very Susceptlble to defic-
iency, spec1es that are only moderately susceptlble, and species that
-are resistant (11‘0)° |

The aVallablllty of mlcronutrlent catlons is partlculariy sen-
"sitive to change in the env1ronment (5 19 77 107 llO) | The availability
of these elements increases w1th a decrease-ln 5011 pH. The pH of a’
sofl dees vary with 3011‘management (5,110) and ‘large pH fluctuatlons

can occur. Manganese avallablllty is very pH dependento The M2t

content is -higher in.acid soil than in alkaline soils (48) . At the same
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time it has been reported that on some soils, copper availability is
not affected by pH (110).

The chemistry of trace elements in soil is dominated by reactions
that lead to the formation of inert and insoluble compounds or com-
plexes (5). What to use as sources of micronutrients and what happens
to their availability when they are mixed with other chEmicalé in fer-
tilizer is a problem beset with the fact that chemists talk more than
plants do (107), i.e., not much is known of these reactions.

Air, water, and soils are becoming increasingly contaminated in
this highly industrialized age (19). The anaiysis of top-soils from
urban areas in Scotland indicates that, in general, in.such soils

levels of Cu, Zn and B, are substantially enhanced by comparison with

arable top-soils from rural areas (77).

Reactions of micronutrients with organic matter

Basically, four methods can be used to assess the contribution
of organic matter to the chemistry of micronutrients in soils; a)
the association of organic matter content with the distribution and
availability of micronutrients in the soils; b) the effect of organic
matter removal on the reactivity of soils with micronutrients; c) a
direct attempt to assess the amount of an element present in the organic
form, and d) characterization of organic matter and its reaction sites
(46) .

Removal of organic matter often results in a decrease in .~
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reactivity of heavy metal in soils (45,46). Various studies of re~-."
actions thét occur betﬁeen organic matter and micronutrients reveal a
relatively large capacity to combine very strongly with certain
elements, notably copper (21,23,45,46)0 CarBonyl groups were in
greatest abundance in the surface soil (12?.)s ﬁhile carboxyls, which
concentrated stfikingly in the subsoil, were the predominant form in

the By, horizon.

Micronutrient functions in plants

The micronutrients usually function in planté as components of
enzyme systems (5,8,11,23,56,61,68,76,85,107) . As an example of the
catalytic importance of micronutrients it is said (107) that one
ounce of molybdenum is tigd to the fixation of 105 tons of C02o This
indicates the importance of molydenum in enablipg a plant to collect”
G0, 'and radiation to fix energy. QGonsidering this ;?tio, molybdenum
is functioning in the parts per billion range. |

Copper exists at the active center of diphenol oxidases such as
tyrosinaée (832;,56), cytochrome oxidase (56) anallaccase (2i)° When
the metal is removed, the activity of the enzyme is desil:royed° Whether
the terminal oxidase. of a pgrticular speciés is Gu-containing ascorbic
acid oxidase or Fe-containing peroxidase or::catalase appears:.ta.be the’
factor dominating the reéuiremeqks of different species for thése
metgls (l1). Copper i; also included in the formation and stabili-

zation of chlorophyll, albumin, carbohydrate in nitrogen metabolism
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and in the intensity of plant respi?ation (21,61).

Iron,.both ferrous and ferric, is a co-factor of the cyt?ochromes9
feroxidase, catalases and fer?odoxin enzymes (56,84). The elaboration
of chlorophyll requireg the presence of iron (23,61,84), although the
prosthetic group of the substance contains only magnesium.

Manganese 1is requireq for phogphotrangferases and agginase
activities (56). It is required in the process of photosynthesis,
tékes part in the regulation of oxido-reduction processes and raises
the ;ctivitytéf tﬁe:ﬁiochemicéi rééctions which-influence the carbo-
hydrate and albumin metabolism in plants. Also, it is ipcluded in the
chlorophyll molecule (61,74,97). Manganese replaces magnesium in
some biological processes. Lt prémotes the uptake of magnesium by
plants, and is used for regulation and stabilization of oxido~reduct-
ion processes under éonditions'of excess moisture (61).

Zinc is kngwn to be present in éhe granum protein of the chloro-
plasts (239:85) and it éétS'as a co-factor of several enzymes (8,23,
56361985); Carbonic anhydfase contains zinc and catalyses the break-
down of carbonic acid . to form carbon dioxide and water. Alcohol dehyo~
genase énd carboxypeptidase also contain zinc. 'Zinc plays a great role
in oxido-reduction processes in plants (61976,85),
| ~Considering the wide range of functions of the micronut;ients
it appears that the only thing they.have in'common is that plant and

animal requirements for them are small (108). It is solely on this
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basis that they have been arbitrarily grouped together and called
"micronutrients".

Copper t

Copper was first identified as being a constituent of plant tissue
in 1916 (21); yet, it was not until 1931 that it was classified by
Sommer as being én essential. nutrient for all plant iife (21,107).

The analytical methodology available for this type of study had bean
" ipadequate in the interim period. The determination of copper today:
by atomic absorption is convenient and rapid. The method is accurate
and free from interferences (3), thus greatly enhancing studies of
this element.

Various factors influence the degree to which soil copper is
available to plants; these include: pH, organic matter, amount.of clay,
effect pf other elements, carbonates, phosphates, and soil micro-
organisms (69,98). ESeveral investigatérs (31,67,78,82,104) have
pointed out that, in spite of the fagt that copper is less susceptible
to changes in pH than zinc, and much less susceptible than manganese
or molybdenum, copper availability decredses with increasing alkalinity
of the soil. Copper deficiency apparently occurs most'frequently on
very sandy or gravelly soils (31).

For Oregon soils (120), a supély of 0.1 to 1.0 ppm of exchange-
able coppér is sufficient for normal growth, provided that a working -

margin of 0.5 ppm of available copper indicates roughly the boundary
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between response and no response to copper additions.

In the §.S., 14 states have reported copper deficiencies (21).

The beneficial influences of copper in plant growth are not due entirely

to its essen;ial funbtiop as a plant nutrient. It appears that copper
can neutralize harimmful conditions which exist in some soils. It is
thought that copper can precipitate, or inactivate, certain togic
substances present in copper deficient organic soils, Soils having a
low level of native copper are charagteristically sandy soils having
low organic matter contents and are, therefore, ex£remely susceptible
to leaching (21).

Water-solubie copper was determined from the soils of the podzol
region of eastern Canada, representing a range in textural classes from
clay loam to fine sandy loam. Removal of the organic ma£ter from the
water-extract of soils increased the amoun; of copper considerably
(two to four times) (34). Apparéntly8 50 to 80 percent of the copper in
the direct water-extract of soil was complexed with the water-soluble
organic matter.

Sixty four typical soils of Gujarat and Saurashtra in western
India were analyzed for available‘and total copper contents (69).
Available copper content varied from 0.03 to 1.93 ppm, with an average
of 0.51 ppm. Total copper content varied from 11.0 to 175° ﬁpm, with
an average of 55.8 ppm, 100 times the average of the available copper

content. A significant positive correlation was found between available
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and total copper contents, a significant negative correlation between

N

¥
pH and available copper content, and a significant positive correlation

between soil texture and total contents. No correlation wasAfound to
exist between availablé copper and organic matter and the éalcium
carbonate contents of the soils.

In Denmark (98) copper deficiency is mainly found in jg'tland9
especially in sandy soils rich in humus, and in peat soils. It is,
however, also widely found in sandy soil with normal humus contents of
2 or 4 percent in the samé area.

The difficulties of determining available copper in the soil are

very great. Extremely small quantities of copper are contained in the

‘'soil, and there is a strong tendency for the cupric ions to form

slightly soluble comﬁlex compounds. These extraordiﬁa?y,difficulties
exiét both for definition of copper forms present and their quantitative
analysis (98).

Steinbjerg and Bokgn (98).also report that copper may occur in
the cuprous state in the crystal 1at£ice of coarser_partic;es of the
soil. " Due regard must.Be paid to this source of copper wheﬁ chemical
methods for the determination of copper deficiency of the soil are
worked out. They sﬁggest'that the chemical natLre of soil copper is
unknown and the definition of available copper is based on empirical

observations. Much recent work has eliminated uncertainties concerning

the chemical nature of soil copper, and more direct approaches can now




be employed.

Based on empirical relationships, several soil extractants have
been used for copper analysis. Gupta and Mackay (35) used four dif-
erent reagents: 0.2 M ammonium oxalate (pH 3.0), 0.1 N HCl, 0.1 N
NaOH, and 2 N citric acid soiution as extractanis for exchangeable
copper on some Of the podzol soils of eastern Canadan Ammonium oxalate
gave maximum extraction of the element. Citric acid waé poorest and
HC1l and NaOH were intermediate for copper extractiom. It was con-
cluded that 0.2 M ammonium oxalate (pH 3.0) was the best reagent for the
determination of exchangeable copper. They reported algo (36) that the
water-soluble copper content ranged from 0.09 to 0.46 ppm. The total or
exchangeable contents of nitrogen; phosphorus and potassium in soil.
seldom : vary by 10-fold, but the amounts of exchangeable'copper waé
found to vary up to 100-fold between individual samples. In addition,
lower amounts of eichangeable copper were foun% in most of fhe sandy
soils and were associatgd with higher leaching'of thé element.

Recently, the use of chelating agents for extraction of micro-
nutreint cations has been studied by Lindsay and his associatesv(57D
58). The advantages and usefulness of these materials for extractiqn
‘and their correlation with yield are discussed in the section on
chelates, later in the literature review.

Copper is taken into the plant as the cupric (Cu2+) ion. Once

inside the root it is transported to all parts of the plant, a greater
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amount tending to concentrate in the grain. The greatest planp’requiie—
ment for copper is in the early growth period, prior to flowering° A
lack of copper at this stage prevents normal seed developmenfq Copper
supplied after this period cannot overcome this condition (21).°

In tests on peat soil, oats showed the greatest.need for -copper
among field crops (70). An analysis of the peat soil on which these
crops were goown revealed a content of 9.0 pounds per acre total copper
and 0.015 pound per acre available copper as extracted with 0.1 N HCL.
The copper fertilized plots were sampled during the growing season and
found to contain 23.3 .pounds per acre total copper and 4.5 poimds per
acre available copper. The author reported there was very little cor-
relation found between the 0.1 N HCl-soluble copper content of the
soil and yield or copper content of the grain. No correlation was
found between pH, copper content of the grain, or yield. The pH of
these soils va;ied from 5.8 to 7.3,

In greenhouse experiments with Barley and other crops (37), no
significant yield response was obtained to applied copper. There was
an increase in kernel yield of Hudson barley oﬁ three of the investi-
gated podzol soils. Copper content of plant tissues, however,
increased by 507 in Herta barley straw, and 400% in Hudson barley
kernels, as a result of copper application.

After the harvest of the last crop, 85 to 94% of the applied

copper was recovered from the plants as exchangeable copper in soils.
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There was no apparent relationship between the exchangeable coppér
content of soils and the copper content of the crops. In spite of the
coarse texture of the soil investigated., none of the crops except
Hudson barley responded to applied copper.

Again under greenhouse conditions, Gupta and MacLeod (38), found
that without applied copper, barley heads were delayed 14'day$ in emerg-
ing. For maximum yields under greenhouse conditions, the content of
copper in plant tissues at the boot stage was 4.8 ppm for barley. A
copper content of 2.0 ppm in barley kernels appeared to be sufficient.
For straw, a copper conte?t of 3 ppm for barley appearéd.to be adequate
for optimum growth of the croi:° The results indicated that exchange;
able (oxalate-extractable) copper content of about 1.2 to 1.8 ppm in
soil is indicative of copper deficiency for growing cereal crops under
greenhouse conditions. An application of 0.5 ppm of copper to the
soil increased the kernel yield of barley by 190%; more copper appli-
cation did not increase the yield. Copper application slightly de-
creased the yield of barley straw. The same result was reported by

Smild and Henkens (91) who attributed these effects to profuse tiller-
ing. ‘

Interrelationships among copper, iron, manganese, and zinc are
important. There is evidence that copper has a direct effect on phos-
phovus uptake, and low concentrations of copper have been reported to

prevent the normal uptake of K by plants (3). Toxic levels of copper

can reduce growth by depressing the actiﬁity of iron (21,24), and the
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uptake of other heavy metals. Inhibitory effecf of manganese on copper
uptake by barley and rice were reportea (24).
lron

The necessity of iron for growing plants was shown by Gris of
France in 1845 (84). In 1860, Sachs proved its essen;iality for all
plant life (107),but:the-correction of iron deficiency by soil appli-
cation has frustrated research workers for years (84).

Despite years of research, the movement of iron from the soil to
the plant and metabolism in the plant are not yet completely understood.
Iron is found in adequate amounts in most agricultural soils but it
is often irca form unavailable to the plant.

Iron exists in several forms in the soil; as a mineral, as an
organic complex, inorganic compounds or precipitates, and as soluble
compounds or ions dissolved in the soil solution. Iron exists as an
electronically charged ion in solution in two forms; the ferrous or
ferric form. The ferrous form is generally considered available to’
plants while the ferric form is not. Most iron in soils is in the
ferric form. But by complexing the ferric form into an organic..form,
as a chelate, the unavailable ferric form, becomes available to plants.

ﬁeficiency of iron is widespread and difficult to correct. The
presence of calcium carbonate in soil ties up much of the.iron present,
reducing its availability to plants. Iron deficiency also. occurs in

acid soils.
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Iron deficiency may be caused by one or more of the following
conditions: 1) low supply of total iron (in acid soils), and 2) low
supply of avai{able iron because sf: a) high soil pH and presence of
calcium carbonate, b) erosion or iand levelling exposing deficient
parent material and removes organic matter which is the natural store-
house of organic iron in the soil, c¢) a high level of phosphate in
the plants associated with band applications of fertilizefs‘contain-
ing ﬁ)hosphorus9 d) antagonistic interactions with other micronutrients
(Mn and Cu) in the soil and plants, e) high soil moisture content and
low soil temperatures befbre planting time, f) soil compaction assoc-
iated with operating heavy land grading equipment in fields with high
moisture conditions. This is a serious problem for soils low in orgam-
ic matter or with a sandy texture. As a general rule, iron deficiency
conditions in the field.tend to diminish as the season progresses. . ...
Thisis due to.the warming of thessoil, reduction of the soil moisture
and increased soil pore space (107)°

Other factors mentioned fof iron deficienty in plants that inter-
fere with adsorption and translocation of the element are: low reducing
capability of roots (13), micronutrient imbalance (15),.iron inefficient
blant species (30), high pH of the growth media (72), and the oxidation
of Fe2+ to Fe3t,

Factors employed to correct.iron deficiency include the lowering

of pH in growth media (1l7), genetic variants (16) ‘and chelates (42).
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Certain interactions with other micronutrient have been reported.
Zinc interferred with tramslocation of iron from roots to above:ground.
pa?ts of soybean (Glycine max L;)(7)J In batley plants manganese
inhlibifed: the adsorption of iron (24). The higher the concentration
of manganese, the less was the adsorbtion of iron by plants. The
inhibitory effect of manganese was ﬁery sharp at a higher concentration
of Fe in the medium. At the cohcentration of 0,08 ppm Fe, the 0.08
ppm of manganese lowered Fe uptake to less than half of.the :control,
which contained no Mn in the medium.
Manganese

Manganese was provéﬁ to be essential to all plant life by
McHargue in 1922 (107).

. Manganese deficiency is a serious nutritional problem of many
crops and soils, More than 25 states have reported manganese defic-
iency for one or more crops, with deficiency of small grains and soy-
beans being recorded most frequently. Manganese deficiency has cur-
rently been estimgted to be a major problem on at least 13 million
acres in the U.S. and constitutes the largest single acreage for any
of the micronutrients needed as soil amendments (97),

The main soil conditions under which manganese deficiency will
dccur are as follows: a) thin:peaty sodoilsuoéverlying .calcareous sub-.,
soils; b) alluvial soils and marsh soils derived fromucalcareous

materials such as calcareous silt and clays; c) poorly drained cal-
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careous soils with a high content of organic matter; d) calcareous
black sands; e) calcareous soils recently taken out of long-term
grassland programs; .f) black horticultural soils where manure and
lime have been applied regularly for many years; and g) very sandy,
acid, mineral soils that are low in native manganese content.

A number of changes in soil management can reduce the level of
available manganese in the soil. Raising the pH to above 6.5 favors
the oxidation of manganeus manganese into manganic manganese. The
latter is almost unavailable to plants.

Generally, the better drained the soil, the more highly oxidized
is the manganese and the less available if is to the plant. Manganese
deficiency is more prevalent in dry years than when moisture con-
ditions are ample.

One of the factors determining the fraction of soil manganese
extractable by alkaline pyrophosphate may be the organic matter content
of the soil (41). Furthermore, manganese in alkaline pyrophosphate
extracts of soil was found to be_in the manganous form. It was con-
cluded manganese deficiencies occur typically on soils high in organic
matter content. It would appear that in these deficient soils the
conditions may be such that all the divalent manganese is fixed by
the organic matter in a form unavailable to the plants.

In tropical soils (96), it was found that lime reduced adsorp-

tion of manganese by legumes. 1In one soil the application of super-
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phosphate increased manganesé absorpfion;

Manganese transport into barley roots was reported to be meta-
bolically mediated (60), however, in oat roots it was found to be non-
metabolic (73).

There are confliecting reports on the chlorophyl content of man-
ganeéé deficient plants (25). Manganese-deficiency interferes with
synthesis of chlorophyll, thereby affecting carbon assimilation (9),
however, mangaﬁese deficiency does not directly produce chlorosis.

On a study of Fhe effect of manganese deficiency on barley plants
B1), it was féund that the chlorophyll content of manganese def-
icient plants was more than double.that of the control.

It is considered that the reduced photochemicai activity of
manganese deficient chloroplasts is directly related to the shortage
6f this elemenf as a co-factor, rather than to changes in the sub-
micfoscopic structure of the grana. Manganese involved in these
reactions is tightly bound in tﬁe chloroplast to photochemically
active lamellae (74). The absence of this element leads to the form-
ation of chloroplats in which the chloropﬁyll is @istributed abnorm-
ally. |

The addition of silicon to culture solutions has been shown by
a number of workers (59,80,93), to result in an increase in'plant
yield, howexlrer9 the beneficial effects obtained may well be due to

secondary causes rather than to an essentiallity on the part of
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silicon. Manganese was found to be toxic to barley plants when grown
in Hoagland culture solution at concentrations from 0.5 to 5,00 ppm,
but manganese becomes harmless when plants absorb silicon together
with manganese (L19). Silicon has no effect on the content of man-
ganese in the leaf tissue. These results suggest that manganese
forms complexes with silicon and is "inactivated"”. The same author
found that calcium, magnesium and potassium also eliminate manganese
toxicity by repressing the amount of manganese movement into the leaf.
'Howévers iron and hydrogen ions were foundAfo be more effective (112)
than calcium,‘magnesium and ammonium, in reducing manganese uptake
by barley plants. It was explained that the depression of manganese
absofption by these cations was the result of ionic competition.

A'nuﬁber of research workers have suggeséed that excess man-
ganese in plant tissue oxidizes iromn to the ferricistate, in which
condition it is precipitated:and rendered biologically inactive, thus
inducing iron deficiency (50,97). 1In this wgy, manganeée depresses
iron absofption in plants,

Manganese toxicity symptoms of rice plants were markedly re-
duced by incfeaging the concentratién 6f zinc in phe nutrignt sol-
ution (50).l I£ was concluded that the critical concentration‘of zinc
;esulting in zinc toxicity symptoms is highly iﬁfluenced‘by ménganese

-

concentration in the nutrient solution. At 1 ppm level of zinc,

\zinc_content.of the rice plants was generally reduced with increased

v
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concentration of manganese in the solution. At 10 and 30 ppm zinc,
the content of zinc in the roots was markedly reduced with inereased
concentration of manganese in the nu£tient solution. The results
indicate a possible interaction between'manganese and zinc in the
growth of rice plants. The growth of rice plants depends not only
on the content of manganese or zinc in tissues but also on the ratio
of manganese to zinc in the tissues. ’Accordingly high yields will
be expected even at high concentrations of manganese and zinc in
tissue, if the-Mn/Zn ratio is in the range of 0.1 to 10. These
results suggest that manganesé and zinc may interact to reduce the
toxicity of each other in the tissue.

Manganese is not readily translocated between plant tissues
(97) . Manganese coﬁtent of barley in the range of 0-12 ppm has been
found to be deficient. At 13-18 ppm it is.marginal, and at 19-100
ppm it is generally sufficient. ’

Most workers have ﬁoun& that manganese sulfate added to - the
soil generally gives most satisfactory results for correcting defic-
iencies. Manganese oxide and certain manganese~chelates are also
satisfactory in many casés 97) . *

Zinc
~In 1869, J. Rauling showed that zinc was indispensable for the
growth of Aspergillus nigér (109), but Sommer and Lipman (94)‘and

Sommer (95) proved that zinc was indispensable for the growth of
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barleyéﬁmdother higher plants in solution culture. This confirmed
the earlier contention of Maze and Javipier that zinc was essential
for green plants (65), |

Zinc deficiency in crops néw oceurs in 32 states of the U.S.,
New Zealand, Australia, Africa, México and Brazil.

Zinc has a normal concentration range in plants of 15-60 ppm
of dry weight. Seeds do not contain enough zinc to produce more
than a small seédling, so plants must have an early and continuous
supply from the soil. The zinc:content of the plant reflects the
supply available to it. Therefore, pe;ioles_apd leaves are analyzed
as a guide to zinc gdequacy dufing plant growth. The determination
of zinc and other elements in plants by atomic gbsorption speétro—
metry is at least as accurate and sensitive as other ﬁethods currently
available, and is considered better in both rapidity and freedom
from interference by éxtraﬁeous elements (2,22). Nomne of the ele-
ments present in plant digest iﬁterfere with the determination of
zinc. |

Zinc deficiency is‘most apt fo occur in dry regions‘with neut:
tral or alkalineAsoils or in warm and tropical :climates with slightly
acid soils. Deficiency symptoms are most frequent in areas with high
light intensii:y° But Vigts (109) reports that zinc deficiency is
not related to type, texture, organic matter, mineralogy or total

zine content in soils. Zipnc uptake by barley (and uptake of the




- 28 -
micronutrients elements as well) is reported to be metabolically
mediated (83).

"insensitive plants' to zinc de-

Barley Belongs to the éroup of
ficienc& (85)° The zinc content of barley is around 27 ppm and the
grain about 17 ppm (109). The nature of resistance to zinc defic-
iency appears to be undgr genetic control (39).

Zinc interacts with manganese as was discussed in the manganese
section (50), Zinc also interacted with iron decreasing its high
level and corrected the deficiency.‘ The results indicate that one
characteristic of éinc deficient plants is high iron content.

The concentratipn of free zinc ions will decrease progress-
ively as zinc is diluted Ey continuing gfowth (76).

Addition of a concentrated solution of ZnS0O, to soil resulted
in rapid absorption of zﬁncs'about 75% of the total being accoﬁnted
for on the cation.exchéngé complex duriné the first minute. Sub-
sequent rate of conversion from exchangeable to acid extractable
forms varied widely among soils. The méin factors that accounted‘
for the extent of zinc retention were CEC énd pH; there appearéd to
be no significant relation to available phosphorus (86).

Chelate Forms of Micronutrient Cations

Since the pioneer work of Stewart and Leonard in 1952 (99),
use of chelated forms of micronutrient catiomns to correct defic-

iencies has gained in popularity. During the past two decades many
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studies have been conducted concerning the nature of response and.
various interactions which they may cause. More recently they Hhave
been used 'as extracting agents for analysis of available micro-
nutrients in soils.

Several chelate materials are being utilized, but in gemeral
they are chemically similar. The basic agents usually are organic
acid molecules with molecular weights of 400-600. These bind or
complex with the metal ion, preventing it from reacting in.the soil
to form highly insoluble compounds.

Because of the complex acids involved and their unwieldy names,
the chelates are referred to by initials. The major ones used,
their abbreviations and names are:

EDTA: Ethylenediamine tetracetate (dihydrate)

DTPA: Diethylenetriamine;Pentaacetate

EDHPA: Ethylenediamine bis-(orthohyd%oxy—pentacetate acid)

EDDHA: Ethylenediamine di-(orthohydroxyphenylacetate)

These abbreviations will be used throughout the thesis.

The use of synthetic éhelating agents to keep Fe soluble and
available for plant growth has caused inquiries concerning the absorp-
tion of the chelating agents into the plants (14). As discussed by
Chabarek and Martell (18), the,introduction of the chelating agent
into a plant may have serious and far-reaching implications with

respect to the balance of essential trace metals maintained in the
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growing plant system. If the deficient metal is carried into the
system by the chelating agent and metabolized, the chelating agent
may be liberated, and it may bind other trace elememts that are
present. There is a possibility of not only creating secondary
deficiencies, but also fundamentally altering the plant metabolism.
The chelating agent itself may be meFabolized.

It has been reported (l0l) that the chelating agent remained
in the nutrient solution 'and that only the metal was absorbed.
Earlier experiments with the Fe-EDTA, were interpreted as showing
that the whqlelironlchelate molecﬁle was absorbed by the roots (43,
114). More recently, however, it has been‘shOWn that.plants are
capable of selectively absorbing the iron from the very stable Fe-
EDHPA, leaving the chelating agent in the culture solution (101)°

Léss definite conclusions were_drawﬁ by Hill,and Jones (43),
they reported that ion deficient plants absorbed iron rapidly and
preferentially, absorption of the chélate.itself being slower but
continuous. Normal plants absorbed iron and chelate in equimolar
amounts. Bicarbonate ions in the culture solution inhibited the
preferential .absorption of irom by iron deficient plants, equimolar
amounts of iron and chelates being taken up iﬁ this case.

; |

The. recovery Cl4 from plants treated with cl4 labelled chelates

does not reflect the true extent of the breakdown that has taken

place; with both EDTA and EDHPA less than half the cl4 recovered
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was as unchanged chelate, They ;lso reported that the chelating
action of the roots can bé ﬁodified by the iron status of the plants,
the roots having the greatest chelating power when the plant is
most deficient in iron (43).

The relative availability of chelated ions vs exchangeable
ions on the soil exchange comglex has also been studied. Matsuda
(63) reported that zinc absorbed by soii in ghelated forms is more
difficultly absorbed By plants'ﬁhan that in the exchangeable form.
Amounts absorbed by plants in plots whére chel#te forms were added
were lower than amounts absorbed in plants where both forms Wére used
in spite of almost equal amounts of plant growth. If it is foﬁnd
that the order of absorption strengths of exchanéeable and chelated
zinc in soils corresponds with the difficulty of uptake of these
forms of zinc by plants, the order of absorption strength should
prove to be of great significance in the practice of agriculture (62).

Several factors influencg the availability of metals supplied
by chelates. Weinstein, et al., (118) suggest that in selecting a
chelating agent for use in plant nutrition, a number of factors
should be takeniinto consideration. The mPst imbortant of these are
the stability constant of the metal chelate and the ﬁH of the medium
in which i£ is to bé used. The higher the stability constant, the
less tendency there is for the complex to .disassociate and yield

metal ions. The stability constant for the Fe3t-EDTA is greater than
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that of EDTA chelates of other metal elements known to be essential:
in the nutrition of higher plants, and this holds true over a fairly

2+9 Zm2+5Fe2+ and

wide pH range. Following Fe3t in stability are Cu
Mn2+o It has been their experience that soil applications.of Ma-EDTA
to mangaﬁese deficient plants may result in a replacement of mangan-
ese in the chelate by iron in the soil. .

Addition of chelated metal to soil is no guarantee. that the
added element will remain available to plants. Lindsay, et.al. (57)
also reported that an added metal may be displaced from the chelate

\

by other cations in the soil. This has been suggested as a reason
for difference in effectiveness of different chelates on acid and
alkaline soils. For example, Fe-EDTA has been reported as an\effect;
ive iron fertilizer in acid soils, but it has been réther ineffective
in alkaline soils. The relative effectiveness alsq is determined by
the residual carryover, which is regulated by these same factors,

Similar responses were reported from Fe-EDTA and Fe -DTPA on the first

sorghum crop;, but only Fe-DTPA had a beneficial residual effect on

the second crop. In comparison to these forms, Fe~EDDHA was superior

in its effects, both immediate and residual, (57).

The relative amounts of chelates and metal ions also influences

availability. Growth was reduced sharply in wheat, rye, corn, soy-

bean, red kidney beans and okra, when the molar concentration of

DTPA exceedéd that of iron. Under such conditions, these plants were
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unable to compete with the chelate ggent for iron and developed iron
chlorosis (12). Manganése concentrations incre;sed in some plant
species and then decreased in the more concentrated DTPA treatments.
Iron and copper concentration in the plant material consistently
décreased with increasing molar quantities of DTPA.

It has also been reported (115), that iron chelafes applied to
plants often induce manganese deficiencies. Iron chelates actualiy
hinder the absorption of manganese. This can be a practical means .

!
overcoming manganese toxicity, as was éuccessfully done in coffee (66) .

Another interaction between micronutrient cations was reported
by'Ambler, et.al. (7). Zinc interferred with translocation of iron
from roots to above éround parts of soybeqns; Addition of irom as a
ferric metal chelate (Fe-EDDHA), to the growth medium overcame the
interference of zinc. In the root epidermis, potassium-ferricyanid
formed as a precipitate (prussian blue) with Fe2+, derived from the

1

previously supplied Fe-chelate. The reduction of Fe3t

was suppressed

by Zn2+°

Studies on the relations between pH and chelate reactions were
reported by Norvell and Lindsay (71). Chelates were reacted with’
suspensions of acid, neutral, and calcareous soils. Copper, iron; ,
manganese and zinc were analyzed by atomic absorption spectrophoto-
metry to determine what hapf:ened°

Fe-EDTA was stablein soil suspensions of pH 5.7 and 6.1,-
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moderately stable at pH 6.75, and unstable at pH 7.3 and 7.85. Zn-
EDTA and Cu-EDTA were most stable in suspensions near neutrélity.

In acid soils copper and zinc were incréasingly displaced by
calcium as pH increased.

The loss of Mn from Mn-EDTA waslvery,rapid in all soils and
was essentiall? complete in less than one day firom suspensions of
pH 6.1 to 7.85.

They éoncluded éaying'that 1) the ;vailabilitylof irpﬁ from
Fe-EDTA is markedly reduced abBVe.pH %, because iron is'losf'quite
rapidly from the chelate, 2) in the most acid soii 6f pH 5.7, the
great majority of:boﬁh zipc and éoppér w;s displaged by ﬁroﬁa
3) Mn-EDTA was:highly unstable in sotls, aﬁd thislunstability should
seriously limit the usefulmess of this chelate as a. manganese
fertilizer. |

Chelates are organic compounds. It is not surprising that soil
organic matter (0.M.) has large influenceg on the reactions of metal
chelates added to the soil. Actually, many soil O,M° reactions are
considéred to be*chelatign reactions;.'For~example, it is suggested
that the chelation propérties of organic matter are important in |
influencing the availability of certain ions in the soil. ..Soluble
chelating agents have increaséd nutrient availability. Insoluble |
chelates may have the opposite effect. Staﬁility constants_might be

expected to play an important role’ inm determining‘the equilibrium
\ .
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conditions of these nutrients in the soil since the insolubie che-.
late probably would not be absorbed by the plant (44).

Copper deficiency in plants is often found in organic soils
(62), and is attributed to a decrease in the availability of copper
caused by its complex.formgtion witﬁ organic matter. But copper
deficiency does not necessarily occur in every.type of organic soil.
It was also reported that the amoynts of chelated zinc were greater
in humic soils than in mineral soils. The absorption strength of
zinc in soil humus'is higher in chelated forms than in the eichénge-
able forms, but'Téutsumi, et al., observed that the absorption
strength of copper was higher in humic soil than in miperal soil
(105) . |

Himes and Barber (44)'studied the 0.M. factors which appear
to be involved in soil chelating abilitiés. ﬁemoval of organic
matter by oxidation with hydrogen peroxide destroyed the ability of
the soil to chelate zinc, Humic and fulvic acids reacted with zinc
in a matter similar to thé,untréated soil. Carboxyl groups did not
appéar'go beglimportant° The reaction bet&een a chelating agent and
the ca;ion generally involves the anion forms of the chelating agent
(64), therefore, the equilibrium of a chelation reaction is influe
enced by pH (as previously discussed).

Precautions must be taken when apﬁl?ing chelate materials to

plant tissues or to the soil. It appears (114) that EDTA is at
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least in part directly responsible. for plant injury when excess quan-
tities are applied. EDTA can be detected in plants after appli-
cation to the soil. The content of EDTA within plant tissues con-
firms previous indirect evidence that EDTA was absorbed with iron

by plants. These observations imply thét it &s quite possible that

EDTA can effect tramslocation of iron in plants because of EDTA

[

being at leaétfpartiy stable within the plant. When using chélates,
recommendéd rates and procedures should be followed.

Stﬁdies of various chelate rgaqtions have led to studies con-
cerning the use of chelates as extracting agents for micronutrient
cation analysis of soils. Since mgst micronutrients will hydro-
lyze and precipita£e at p 6 if they are nét carried as chelate com-
pounds, the metal extracfed with che1a£es could be a good test for
their availability inca soil, if the quantity extracted is related
to the quantity absorbed by the plant. This was suggested és‘a
possible method in 1962 By Brown and Tiffin (14). This possibility
has been investigated since that time by several scientists. A
study by Wallace and Mueller (117) yielded some information in this
respect. ' They reported that some plant species have greatér ability
than do others to absorb various .nutrients° 'Adding DTPA to soils
had less effect on yield than‘did'EDTA. It tended to increase beth
Mno% and total manganese in plants and it decreased the specific

activities in corn at least with one soil type. This would indicate
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that DTPA was making at least some of the easily reducible manganese
of soil- available to corn. The specific activity of manganese in the
1073 M DTPA solution was essentially that of the easily reducible
manganese, indicating that the technique of DTPA extraction could be
used to monitor that portion of the soil manganese. The specific
activities of both easily reducible manganese and that extracted by
DTPA correspondéd with thoge in bush bean. plants.

Lindsay and his associates (27,57,71) have been quite active
in this type‘of ;gsearch.- They found that DTPA could Ee used to’
predict availabiiity of iromn and ziné, simultaneously by soil test
determination. . They conclu&ed from some of their earliest work that
results indicated possibie suitability of the techniques for man-
ganese analysis also. 1In a later péper (71), it was shown that Mn-
EDTA was highly instable in soils, and this instability could ser-
iously limit the usefulmess of this chelate as a manganese fer-
tilizer. -

In a greenhouse experimeﬁt (27), oats and corn were used to
test the irén, manganese, andlcopper supplying power of Colorado
soils a; evaluated ‘by the DTPA soil test. The results of the soil
profile study'with respect to available zihc, iron, manganese, énd
copper as measured By DTPA extraction may be summarized as follows:
1) The principle factors associated with available zinc in soil

profiles were positively correlatéed with percent organic matter and
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cation exchange capacity; 2) the principle factor associated with
‘available iron in the soii_profile was a negative correlation with
soil pH; 3) the principle factors assogiated with available manganese
in the soil préfile were; a) positive correlations With percent - -
ofganic matter, and b) negative correlations with both soil pH and
lime content; ahd 4) the prindiple'factors associated with available
copper content were positivé.corfelations With both total copper
aﬁd gléy content. |

In gén;ral, the distributiop patterns of available zincs iron,
mangaﬁese and copper indicate a décrease ip availgbility with depth
in fhe soil profile. .

The DTPA soil test was sensitive to changes in the micro--
nutrient cation contentlof soils resulting from ;pplication of micro-~
nutrient fertilizers.

Bro&n, et_al. (10) recently conducted a study to compare
chelate .extractions with other methods for soil zin;'analysis. They
reported all four methods, (namely, DTPA, ammonium acetate-aiphen-
ylthiocarbazone (dithizone), 0.1 N HCis NaZED$A) exhibited a high
degree of correlation with each other; the highest correlation
éoefficient was obtained for the coﬁparison of dithizone with DTPA.
They also éalculatéd predictive'vaiges for the methods which were
83,79,Z3gand 72%, respectively, for the 92 soils studied.: On this

’ . : :
basis the DTPA is preferable to the others and the critical level is
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approximately 0.5 ppm Zn.
Resins

Adams and Holmes (1) first studied synthetic ion exchange
materials in 1935. Since‘that time, several scientists have studied
these materials as means to supply plant nutrients. In most cases,
nutrient imbalances occurred and plant growth was very unsatisfactory.
More recently, a different approach was used, with good results (87,
88,89). 1In these studies, the resins were considered as an exchanger
phase present for the purpose of controlling the solution phase com-
position within a range known to be satisfactory for plant-growth.
Results demonstrated the utility of synthetic ion—éxchange resin
plant growth media for complete support of plant growth (89),
for studies involving micronutrient variables (88), and as a sub-
strate for ion variables added to soils (90).

Resin systems were employed by Japanese scientists to study
antagonism between manganese and iron in barley (24). They also
studied other micro-nutrignt cation infefactions. Their results
indicated that in barley plants, manganese inhibited the absorption
of iron. The higher the"conpehtration of manganese, the less was
the absorption of iron by plants. The inhibitory effeét of mangan-
ese was very sharp at a higher concentration of iron in the medium.
At the concentration of 0.08 ppm of iron, the 0.08 ppm of manganese

lowered iron uptake to less than half of the control, which con-
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tained no manganese in the medium. The effect of manganese on
copper absorption was inhibitory in both rice and barley. But no
correlation was obtained between the cpncentration‘of manganese and
the externt of imnhibitory effect as that found between manganese and
iron absorption in barley plants. Iron showed neither inhibitory
nor éccelerating effect on copper absorption iﬁ the present exper-
iment whereas cépper apparently iﬁhibited iron absorption.

Soil Sterilization

An additional factor must be considered as it relates to this
study. The soils of major interest were imported from Brazils nec-
essitating customs .clearance, sterilization, etc. In spite of
definite instructions that.dry heat sterilization be employed, steam
sterilization was used. Undoubted;y, this had a definite influence
on the micronutrient levels and reactions obtained. Results must
be interpreted in consideration of this fact.

Sterilization of a soil has many undefined effects among them
the increase in availability of micronutrients,. Soil sterilization
is known to increase avdilable manganese (28,65;103) and increase
Fe?t in soils (49). A large and possibly harmful increase in sol-
uble manganese often follows the heating of acid ;irgih loams (29)q
It also has been reported to increase available'copper and zinc (18).

Possible enzymes liberated during the sterilization process continue

to degrade relatively complex organic compounds forming, among other
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things, soluble complexing agentg. An increase in pH due to steam
sterilization has been noted (6).

Heat sterilization affects both orgénic and inorganic com-
pouﬁds° On the organic side the amount .of water golﬁble matter is
increased to an extent depending on.the state.of the organic matter.

On both the organié and iﬁorganic sides, the effect of heét
stefilizgtion is to increase the amounts of soluble phosphate, -pot-
assium, méngaﬁese, zinc, iron, copper, boron, etc. It affects some
of these elements more than.otheré, and correspondingly higher coﬁ-
centrations of these eleﬁents are found in plants grown in steri-
lized soilw. Aidegreenof ﬁutrient unbalance commonly resulﬁs from
the heating of soil.

_ Exac;ly what happens is far from‘c1gaf but it seems that some
of the products forme& are harmful to plants. Microbial decomposit-
ion of organic complexing agents serves tolstabilize reduced férms
of iron and manganese, undoubtedlj killing thése microbes‘by steri-
lization provides an indirect means of promoting oxidation of the

elements (46).




MATERIALS AND METHODS

Two soil samples were taken from the '"tabulerios' of north-
eastern Brazil in the state of Pernambuco. ''Tabuleiros are areas
of flat land, with soils developed from sand and clay sediments of
the '""Serie Barreiras'.

One sample was takén from the Engenho Ubﬁ southeast of the city
séf Iguacu and the other from the Engenho Sao Jose nérthwest of the
city of Recife. ‘Thgse soils are characterized by low.pHs from 4.0 to
5.5, extremely leached due to high rain fall, éand'textures high
bulk density of (1.5 g/cm3) and low silt and clay contents.

Both soils were sampled at two depths, 0-20 cm and 20-40 cm.
Four drpms of the soils weighing around 1,000 kg each’were shipped
. to the United States where they were stefilized according to U.S.
customs requirements. A soil collected froﬁ the Bitterroot Valley
of Montana was included in this study so that a general comparison

v

could be made between the Brazilian soils and a typical Montana soil.
The sampling site in Montana was in the N.E. % of the S.W. % of the
Sec. 35, R 21 W, T 7N. This soil is classified as Blodgett gravelly
course saﬁdy loam. According to the 1939 Yeafbook of Agriculture
Sqil Classification System it belongs to the Chestnut‘Great~Soil
Group, and according to the 1970 '"Soil Taxonomy' it belongs to the

Typic Haploboroll Great Group. A complete description of this soil

follows (92):
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Blodegett Series

The Blodgett soils are moderately dark colored, medium acid,
and gravelly. They occur on the west 8ide of the valley on the
higher and older fané and slopes. They have developed from weathered
granitic outwash, mostly gravei énd cobblestones. The normal gnnual
precipitatien rangés from 12 to 15 inches. The vegetation was thaf
of grassy parks or sparsely timbered‘areas° Slopes range from gentle
to steep. Surface drainage is good. Egcept for local spots that
may become seeped from over irrigation, underdrainage is good to
excessive. The soilé are'only modératély préoductive and tend to be
droughty.

The Blodgett éoils havé mo&éfately thick, moderately dark
colored surfage sdils} modérate}§~thick'weakly coherent subsoils,
and substratafof looge ﬁeéthered granitic material., The entire pro-
file is mediﬁm to slightly acid. |

Blédgett soils are permeable to moisture, roots, and air. Their
capacity to hold moisture for plants.is low. The erosion hazard is
serious only on the steepér slop;s, The soil is moderately high to
loy in fertility, but it will respond to liberal applications of
barnyard ﬁanure, green manure, and commercial fertilizers.

Profile of Blodgett coarse sandy loam:

Al-O to 8 inches, grayish-brown (dry) to very dark gray (moist)'

\
friable coarse sandy loam; moderate fine crumb structure;




- 4h -
moderate organic matter content; medium acid.

B~8 to 15 inches, .pale-brown (dry) to brown (moist), very
'friable coarse sandy loam.

Cy-15 to 28 inches, pale-brown. (dry) to yellowish-brown (moist)
loose gravelly coarse loamy sand; contains scattered
weathered cobblestones.

Cy-28 to 42 inches, weathered loose loamy gravel and cobble-
stones derived from granite.

On Sméoth fans south of Bass c;eek the'parent‘material is under-
lain abruptly at depths of 3 to 4 feet by finer textured, less per-
ﬁeable méterialn In otper areas the.profiié may be shallower and
the substrétum may be full of cobblestones. Iq some places cobble~-

stones are 'scattered liberally on the s urface.

BLODGETT GRAVELLY COARSE SANDY LOAM, GENTLY SLOPING

This soil occurs'mostly én remnants of the original fan sur-~
faces. Some areas are op narrow Fidges but moét are parts of broad,
slightly convex slopes that dip t;ward the ceﬁtral valley. Slopes
are generally bééween 2 to 5 percent, but a few small areas on slopes
of less than 2‘percent‘have been ipéluded. CMost areas receive irri-
gation water from the side creeks. Only thosé farmers Qho have very
early water rights get enough water for the full season. Those who
héld later rights are likely to be short of late-season water in.many

years.
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Under irrigation, this soil is used for both mixed hay and cul-
tivated crops. Alfalfa is rarely grown because of the difficulty
of maintaining stands. Truck crops and small fruits are grown to
somé extent, and a few apple orchards remain. Mixed hay is the
main crop. Newly seeded meadows are mixtures of such plants as red
clover, alsike clover, timothy, and orchard-grass. In older meadows,
quackgrass, bluegrass, white-clover, and black medic may have invaded
the hay stand. Usually the hay is cut once a year and the meadows
are grazed in the fall. Small grain may be grown, either in planned
rotations or at irregular intervals. Farmers whose water supply is
short are likely to cultivate more often than those who can get ample
water. Dryland areas are used only for pasture.

The Ubu soil was sampled in Goiana County, Pernambuco, Brazil.
This county is located in the physiographic zome "Litoral-Mata!!
(rainy, wooded). The climate is hot dnd %et, It is located by the
following coordinates: Latitude South 7° 33' 40' ‘and Longitude west
Gr 35° 00' 10''. | |

The soils are acid, the pH varies in the field from 5.0 to
5.3, and have low carbon and nitrogen contents. In general,they have
sandy texture throughout the profile; the presence of Ay horizon is
cléar, however, the B-horizon is broken into Bp, Bz!and B3. Coarse

sand predominates over fine sand throughout the profile.
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Soil descéription:

The profile was opened in the Estacao Experimental de Italpirema,
in Goiana county. It is located at sixty five meters of altitude and ‘
with a slight slope of 0.5 to 1%. Parent material is sandy clay sedi-
ments of Barreiras Series. The drainage is moderate to well drained.
Sheet erosion is slight. The land is used mainly for fruit trees.,
Following are the general profile characteristics of a typical
"Tabuleiro" Soil of this region:

Ap; 0-13 cm; dark gray brown (10 YR ;/2, wet); sandy loam; weak
granular and sand single grains; abundant and medium pores;
very friable; non plastic non sticky; plain and clear tran-
sition; pH 5.2

A9; 13=34 cm; yellowish brown (10 YR 5/6, wet), loamy sand weak
granular and sand single grains; abundaqt and medium pores;-
very friable;
non_plastic non sticky;'plain and gradual transition;

iaH 5.1,
By 34-56 cm; yellowish brown (10 YR 5/6, wet) sandj loam; weak

granular; abundant medihm and small pores; very friable;

non plastic and slightly sticky; plain and diffuse tran-

sition; pH 5.0.

56-i15 cm; brownish yellow (10 YR 6/6, wet); sandy clay

loam; weak granular medium and coarse pores; friable;
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plastic and sticky; irregular abrupt transition; pH 5.0

By: (it )5 93-95 cem; discontinuous irregular iron concretionms,
abrupt limits, dark brown (10 YR 3/3).

Bg; 95-140 cm; brownish yellow (10 ¥R 6/6, wet); mottled; 50
perbent yellbw {10 YR 7/8, wet); weak sandy clay; hard
pan; common and medium pores; friable and fifm; plastic
and slighély sticky.

Observations: Abundant roots until the B1s plentiful in the
By and few after the concretion zone.

The second soil sample was.collected from similar material,
about 30 km from the first from Engenho Sao Jose. Lts general pro-
file characteristics, landscape, and use are similar to that of the
Ubu soil,

The manganese deficiency found in Zona da Mata, is due to tﬁe
wet, hot climate. High rainfail and relatively acid pH of the soil
are factors that favor its leaching as well as the leaching of other
elements (48). Deficiencies of manganese and zinc have been demon-
strated in these soils.™

In the new Soil Taxonomy system the "tabuleiros" soils are in-
cluded in the sub-border Acrustox.

Soil Characterigation:

All four: Brazilian soil samplescwetre sand textured; -and mech-

1/ Fernandes, C, S. and M. Grispon. 1968. Persenal communication.
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anical analysis was done only for the 0-20 cm layer of Sao Jose
soil to dﬂtain an idea of the sﬁecific quantities of sand, silt and
clay present. The sample was sieved to 2.0 mm opening, and dialysed
with NaZCOQ, pH 9.5 and dispersed with ultrasonic yibrations.. Jackson's
(51) proéedurg was employed to sefarate the fractions. The soil
texture was "sand", having 96.2% sand, 2.6% silt.and 1.Zi clay.

AAstandard soil test analysis was conducted according to proc-
edures of the Montana State Unive#sity Soil Testing Laboratoyry. The

following results were obtained:

(Table 1. Soil test results of five soils employed in studies.

Soil . pH.  O.M, P. K Ca Mg Na E.C.
. % _ppm _ ppm me':/100g mmhos/cm
Ubu; 0-20 cm 6.2 2.16 10.0 40.0 1.44 0.33 0.30 0.9

20-40 cm 6.2 1.47 .15.0 20.0 0.60 0.16 0.30 1.1
Sao Jose; 0-20 cm 6.1 2:05 12,5 40.0 1.10 0.24 0.40 0.8
24-40 cm 6.0 1.59 10.0 40.0 0.04 0.16 0.30 1.5

Blodgett; 0-20 cm 5.5 2.40 24,0 130.0 --- --- --- 0.0

A mineraloéical analysis of the Brazilian soils was done by
X~ray diffractionu Since no specific pattern was shown by the clay,
it would appear that the typeof clay dévéloped in the soil is an
amorphous type, probably Allophane. -

The micronutrients, copper, iron, manganese and zinc were
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determined by the DTPA-TEA procedure of Lindsay, et al.g/ All four
micronutrients in soil wére determined by this procedure in all
experiments reported hgre. The anélyses were made by Atomic Absorp-
tion Spectrophotometry. Ammonium acetate extractéﬁt also was used

as a comparison with the soils. The procedure was the same as that

used for DTPA-TEA extraction.giReSults}are,shown'in Table 2.

Table 2. Analysis of soils. Means of ppm of Cu, Fe, Mn and Zn.inl:
' soils as determined by DTPA-TEA or NHzAc methods °

DTPA extractant

Means, ppm of NHz4Ac extractant

Soils Cu Fe Mn Zn Cu Fe Mn zn
Ubu, 0-20 cm ND 11.70bc 2.90b 3.76bc ND ND 4 0.8
Ubu, 20-40 cm ND 3.50 .10 5.00a: ND ND ND 6.0

Sao Jose, 0-20 cm ND  13.53b 2.50be  3.67bc ND ND 4 3.2
Sao Jose, 20-40 cm ND 10.00c 2.33bc 3.77p ND ND 2 172

Blodgett ' .68  69.33a 21.33a 1.67

Separation of Mineral and Organic Fractions:

For several studies it was desired to determine the influence
of soil O.M. on specific micronutrient relations. Most of the 0.M.
of the two tabuleiro soils was not "humified”. It appeared much like
charcoal, but was primarily partially decomposed sugar cane residues.

Upon addition of excess water to the soils, this organic debris would

2/ Lindsay, W. L. and A. Norvell. 1969. A micronturient soil test
for Zn, Fe, Mn, and Cu. Agronomy abstracts pg 84,
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float. This technique was used to separate the mineral and organic
fractions of the four soil samples from Brazil. Specifically, the
organic matter was sepafated from two kilogram of each soil, first
by shaking 200 g portions of soil with excess water for 10 minutes.
The water carrying the O.M. was then decanted. This operation was
repeated three times. As the separation was not complete, it was
finished manpally by several more extractions. Both organic matter
and, soil were: air driéd. Organic matter analysis of the soil follow-
ing this separation showed that essentially all O.M; had been removed.
A portion of the clay fraction likely was included in the organic

fraction.

Copper Retention Studies:

Thirty gram pérﬁions:afeach soil were placed in 106 ml bedkers,
Seven ml of water or CuSO4 solution with 5,.10, 50 or 100 ppm copper
was added to each beaker. Affer four hours with intermittent shaking,
the solutions were separated from soil by Qacuum filtration. Each
solution was analyzed for copper by atomic absorption anaylsis. After
filtration, the soil was separated into mineral and organic fractions
according to the previously described method. Each.fractioh was
leached with 50 ml of 0.2% SrCly. The leachates were evaporated and
the residues were dissolved in 10 ml of 2% HCl.and analyzed for copper.

A second series of retention studies was run using more éoﬁcen—‘

trated copper solutions. In this series, 10 ml of CuSO, solution was
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used for eaéh 30 g sample of soil, and the solutions contained 100,
250, 500 or 1000 ppm copper. The mineral and organic portions of the
soil were not separated in this series. Instead, previously sepa;ated
fractions (mineral or organic) were carried through the same pro-
cedure. Only one gram éf,organic fraction was used in place of 30
g of mineral fraction. In addition, 0.5 g of charcoal was added
prior to filtration of the organic fraction to prevent passage of
dispersed materials through the filter. |

Zinc Retention Studies:

Zinc solutions were prepared from ZnSO4; 7H90 at the following
concentrations: 100, 200, 250, 500 and 1,000 ppm. Ten ml of these
solutions were added to each beaker with 30 g of soil for foﬁf hours.,
Solutions were extracted from each soil using a.Buchner funnel, and
a test tube inside a suction flask. ' The same p:océdure was -followed
using the soil organic fraction or mineral fr;acfion° Analyses of
each solution for zinc waslaccomplished by atomic absorption analysis.

Soil Leaching Studies:

Portions of soil, each weighing 200 g, were mixed with CuS0,,
Cu-saturéted exchange resin, Cu-chelate or peat. Treatments employed
were the following, éach designed to add equal amounts of copper,
except 1.: ‘

1. Soil + 20 ppm of Cu-resin

2. Soil mineral fraction (0.M, removed) + 10 ppm of Cu-resin




- 51 =~

3. Soil + 10 ppm of Cu-resin + 5% peat moss

4, Soil + 10 ppm of CuS0y,

5. Soil mineral fraction (0.M. removed) + 10 ppm of CuSO,

6. Soil + 10 ppm of CuS0, + 5% peat moss

7. Soil + 10 ppm of Cu-resin

8. Soil + 10 ppm of Cu-EDTA

After thorough mixing, two 10 g portions were taken for Cu
analysis. The remaining 180 é was divided into two 90 g portions
and each was placed in'én inverted 150 ml plastic bottle with its
bottom removed. A rubber.stopper fitted with glass tubing was placed
in the neck of the inverted bottle as an.outlet. Glass wool was
placed in the neck to prevent soil escape.

Each soil assembly was leached with distilled dionized water
daily at the rate of 1 ml of water per gram of soil. Each week, 10
g of soil were taken for copper amalysis by the DTPA-TEA extraction
procedure.

The same steps uséd in the Cu leaching study were repeated for
a study of zinc leaching. The tregtments were the following:

1. Soil + 10 ppm of Zn-resin

2. Soil + 20 ppm of Zn-resin

3. Soil mineral fraction (0.M. removed) + L0 ppm Zn-resin

4, Soil + 10 ppm of Zn-resin + 5% peat moss

5. Soil + 10 ppm of ZnS0,.7H,0
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6. Soil mineral fraction (0.M. removéd) + 10 ppm of ZnS0,.7H,0

7. Soil + 10 ppm of ZnS0,.7H50 + 5% peat moss

8. Soil + 10 ppm of Zn-EDTA

In both of these leaching studies the Blodgett soil was included
for comparison. However, the treatments involvihg the soils mineral
fraction only were not included for this soil.

Growth Chamber Experiments

Barley (Hordeum distichon L., variety Hypana) was grown in 500
ml plastic pots, containing 500 g of air dried soil. Ten seeds of
barley were placed in a pot and after germination the plants were
thinned to 5 when the‘height was 5 to.7 cm. The experiment was con-
ductédin a growth chamber set for 10 hour dérﬁ and 14 hour light
periods. The ﬁemperatufe was programmed to increase gradually from
a dark period low of 13°C to light period high of 27°C. Water was
added daily or as required. The experiﬁental design was a randomized
complete block with 10 treatments and four replications. The treat-
ments were as follows:

‘1. Check

2. NPK

3. NPK + salts of Cu, Fe, Mn and Zﬁ

4, NPK + resins sf bu, Fe, Mn, and Zn

5. NPK + Chelates of Cu, Fe, Mn and Zp

6. NPK + Chelates (= Cu)

-
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7. NPK + Chelates (— Fe)
8. NPK + Chelates (— Mn)
9. NPK + Cheiates (= Zn)

10. NPK + salts of Cu, Fe, Mn, and Zn + 5% peat moss
The n;trients were applied at the following manner:
KHyPO, - 7.187 g/liter 3 ‘

. : 20 ml/pot Equivalent to:

NH,NO3 - 7.187 g/liter 131 1b of P per 2 x 1001b of soil

200 1b of N per 2 x 1081b of soil
165 1b of K per 2 x 1061b of soil

MgSO_,+ (anhydrous) 0.227 g/pot

CaS04.12H,0 ' 0.785 g/pot

Micronutrient materials and rates were as follows:

Element . . Chelates . Resins Salts™ -
Kg/Ha mg/pot mg/pot m.g/pot
Copper 15 ‘3.f5 1.960‘ 1.950
Iron 15 ' 3:75 1.025 0.900
Manganese 12 3°OOA 1.678 1.440
Zinc 15 3.75 2.000 2,130

%' Elemental basis.

After 59 days, the plants were harvested and placed in a drying
oven at 65-70°C for four days. Dry weights were determined.
The five plants harvested were ground in a stainless steel

Wiley mill and analyzed by the 'wet ashing' procedure for copper, iron,
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manganese, zinc and phosphoroug. The micronturient analysid was done
by the atomic absorption spectrophotometer and phosphorous by color-
imettric vanadomolybdic methoq.

After completion of the experiment, soil samples Were'taken from
each t:eétment for micronutrient determination by the DTPA-TEA extraét—

action method.




RESULTS AND DISCUSSIONS

The results on Table 2‘(page 48) demonstrate Fhe effectiveness
of DTPA-TEA’ for extraétion of micronutrients cations from soils,
as compared with the amounts extracted by neutral norﬁal qﬁmonium
acetate. Several workers have already testified to the efficiency
of chelates as extractors of micronutrient cations from soils (14,71,
111,117). The failure of neutral normal ammonium acetate in extract-
ing micronutrients has also been reported by severallresearchersv
(26,48,lli)q The results of Table 2, also sﬁpport other results
that the available forms of micronutrients generally’occur in:the
top horizon(26,27,46). The large amounts of iron and manganese
probably are due to the fact that they also are éenérally very abund-
ant in total content in soil materials (23,48). 1In spite of the
accuracy of the atomic absorption determinations of both copper (3)
and zinc (2), the zinc sensitivity is much higher. The lower copper
sensitivity appears to be the reason.why copper was not detected.

The two Brazilian sandy soils had less of the four micro-
nutrients determined, when compared with the Montana soil. Pgrhaps
this is due to the influence of different soil forming factors at
work in those two areas. It is known that sandy soil,subjected to
high rainfall, even in temperate regions (36,113) is poor in micro-
nutrients due to the leaching of mobile forms into deeper layers and

certain amounts being fixed by iron and aluminum sesquioxides. The
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influence of temperature hastening the development of the two Brazil-
ian soils may account for some of the differences shown.

The data on copper retention shown in Table 3 .indicate that
surface soils have a tendency to retain more copper thaﬁ the 20-40 cm
depth layers. Ubu soil refained less copper than Sao Jose soil,
considering the samé depth and the Blodgett soil has a higher copper
retention capacity than fhé two Brazilian soils. The copper retention
capacity of each of these soil samﬁles is directly related to the 0.M,
content (see table 1, page 47). This is expected since it has been
definitely shown that copper 1s easily complexed with organic matter
(21,34,45,46,69,98). The clay type in the Brazilian soil is probably
allophane. The total clay.content is very low aﬂd éllophane probably has
a fairly high-- exchgnge capacity; however -s probabiy little copper
Hfixationﬁ can be attributéd to the clay fraction of these soils. .
Sesquioxides of iron and aluminum, which are known to fix microm .
nutrients (113) méy have contributed some to this reactiomn. Thé high-
er retention of copper in Blodgett soil probably is due to the
higher contents of organic matter and clay.

Table 4 shows resuits of copper retention by the organic frac-
tion separated from ;he Bra;iliaﬁ soils and by the mineral fraction
of these soils., It seems clear that organic matter is highly‘res-
ponsible for the copper retention omn thosefsoils, Figures:3 to 5

show graphically the copper retention, by the soils and their fractions.




_xTable'3.ﬂ Copper retention capacity .of 501ls as- measured by Cu remaining in solution after
: four hOurs of contaEt between soil dnd. Cu solutmons

Cu Conc of

Cu concentration (ppm) of solutlon after contact with soil

solution used Ubu soil- “Sao Jose soil Blodgett sotl
- ppm . 0-20cm 20-40cm. 0720cm7 20-40cm 0-20cm
0 . R 10.38 | 0.56 0.35 0.20
100 1.50 3.60 1.20 1.80 0.30 -
250 2.10 5.80+ 1.95 2.90. 1 0.35 B
500 2.80 20.00 3.25 5.30 0.40
1000 9.50 207,00 11.20 2.50

20.00




Table 4. Copper retention capacities of organic and mineral fractions of soils as measured
by €u remaining in solution after four hours of contact betigeen soil and Cu solutions

Cu conc ~ Copper concentration (ppm) of solution after contact with soil
of . Ubu soil : ' Sao Jose soil
solution 0-20cm ) 20~40cm ~.0-20cm 20-40cm
used Organic Mineral Ozganic Mineral Organic Mineral Organic Mineral
ppm __fractiod fraction fraction fraction fraction fraction fraction fraction
0 0 0.90 0.20 0 0.40 0.50 0.10  0.65
100 o - 2.20 2.20 1.10 0.50 0.95 0.10 1.15
. . . . U.l
250 0.56 4,10 4,90 20.00 0.56 13.50 0.20 6.30 @
. . ' '
500 1.33 20.00 20.00 20.00 1.90 20.00 0.20 20.00

1000 - 3.00 20.00 20.00 20.00 | 7.20 20.00 2.80 20.00
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The results presented in Table 5 suggests the same trend for
zinc retention as that found for copper. Less zinc remained in
solution from the first 20 cm depth in the two Brazilian soils than
from the 20-40 cm depth. ,Again,.the Blodgett sail retained more
zinc than the two Brazilian soils. Retention of zinc by the five
soils also appears to be associated with the orgapic matter present.

The data of Table 6 substantiate the influence of 0.M. because
without it retention of zinc was drastically decreased. In addition,
type of clay, C E G., pH and phosphate anion may be responsible f-or
some of the differences observed (53,86). Figures 6 to 8 show graph-
ically the zinc retemtion by the soils and their fractions.

Results of the copper leaching study conducted on the two
dépths of the two Brézilian’sﬁils and the surface soil of a Montana
so0il are presented in Figures 9 through 13. In these studies, comp-
arisons were made between salt, chelate and resin forms of copper
added to this gsoils. 1In addition, the influence of organic material
on coppér leaching was studied by removing the organic matter from
the spils (with the exception of the Blodgett soil) or éddihg and
mixing peat into the soil. Dionized water was employéd as the leach-
ing agent.

Several important results can be observed. It is immediately
apparent tﬁat both the chelate and resin forms of copper were rapidly

leached from the four Brazilian soil samples. Generally, 80 to 90




Table 5. Zinc retention capacity of soils as measured by Zn remaining in solution after
four hours of contact between soils and Zn .solutioms.

_€9_

Zn Conc -of ~ Cu concentration (ppm) of solution after contact with soil )
solution used Ubu soil _Sao Jose soil - Blodgett soil
ppm _0-20 cm 20-40 cm 0-20 cm . 20-40cm - 0-20 cm
0 0.02 0.19 0.18 0.09 1.09
100 0.17 0.61 0.18 0.39 - . 0.30
250 . 0.67 . 1.82 1.10 2,40 1.18
500 3.08 _ 5.0 2.78 4.35 3.08

1000 5.0 5.0 . 5.0 5.0 5.0




Table 6. Zinc retention capacities of organic and mineral fractions of soils as measured by
Zn remaining in solution after four hours of contact between soils and Zn solutiomns.
Zn conc Zinc concentration (ppm) of éolution after'contact with soil
Of Ubu soil ' Sao Jose soil 7
solution 0-20 cm 20-40 cm 0-20 cm . 20-40 cm
used Organic Mineral Organic Mineral Organic Mineral- Organic Mineral
ppm fraction fraction fraction fraction fraction fractioq fraction fraction
0 0.05 0.12 -0.18 0.66 0.08 1.32 . 0.15 0.08
. (=)
100 .09 1.78 0.19 3.45 0.15 1.88 0.15 1.15 & °
: '
250 .24 4.45 0.48 4.40 0.44 4.80 :  1.35 4.80
500 1.45 5.0 - 2.32 5.0 1.90 5.0 1.75 5.0
1000 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
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percent of the copper which was initially present in these soils
after it was added as chelate or resin, was leached from the soil
within three week;, ‘The cépper sulfate salt form was much more
resistant to leaching, with genmerally 50 percent or more of the
original copper content still remaining after six weeks (42 soil
volumes of watef 1eacha£e),

These results were rather surprising. The type of response
expected is more nearly represented by the data from the Bldogett
soil (Figure 13). Heré the chelate and.resintforms of copper
were equal to or supérﬁbr to the copper sulfate treatmeﬁt regarding

: |
resistance to leaching% This is what would be expected in most
temperate region soils @ith normal organic matter and clay contents.

The failure of the chelate form of copper to prevent its leach-
ing in the Brazilian soils is probably related to 1) the instability
of the copper chelate in these soils and the displacement of copper
by a more strongly complexed metal iony or 2) the actual leaching
of the entire chelate molecule, with its copper ion, from the soil.
These soils are extremely sandy and have very little exchange cap-
acity to prevent leaching of cations or soluble materials. Since
the chelates are also highly soluble, there is apparently nothing
in these soils that would prevent their rapid leaching.

The rapid leaching of the resin-adsorbed form of copper from

the Brazilian soils is probably a result of copper displacement by
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other more strorgly adsorbed ions and subsequent leaching of the re-
leased copper ion. In soils with more normal cation exchange capa-
cities, this apparrently does not occuf.as readily, as ekpressed by
results from the Blodgett soil. |

The influence of removing the organic matter from the Brazilian
soils was not consistent relative to copper leaching. In general,
it appears that the organic matter in these soils (much like a char-
coal residue of sugar cane ‘stalks) contfibuLes very little to main-
taining ions in the soil.

The addition of peat to these soilé also had little measure
able influence on copper leaching. Again, results varied consider-
ably without apparent cause and effect relationships from soil to
soil. The addition_of peat to these soils with the desired benefit
of decreased leaching would apparently requi?g additional conditioms.
Perhaps a time interval during which -the peat would further decom-
pose and react with the soil would improve its beneficial use.

Figures 14 through 18 present results of a similar study on
zinc leaching. The same general type of response was observed with
zinc leaching as that discussed for copper. However, a few dif-
ferences can be observed. Although the salt form of zinc again was
generally the best, its distinct advantage was not as great as in

the case of copper. The resin adsorbed form of zinc performed
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nearly as well as the zinc sulfate treatment, with a couple notable
exceptions. The addition of peat also gppeared to.improve the re~
tention of resin adsorbed zinc;‘while it had little or no influence
on the other forms of zinc adde&9 or on any of the forms of copper.
As was observed for copper, it appears that chelated zinc would be
a rather ineffective material with which to combat zinc dgficiencies
on these soils, Evén in the Blodgett soil the chélaie form of zinc
was leached more readily than the other forms.

The behavior of both copper and zinc in these studies may
have great agronomic significaﬁce in the area from which the soils
were sampled. At this stage, it is very important to conduct further
studies under field conditions to ascertain the validity of these
laboratory studies. If similar results were obtéined, it would mean
that the inexpensivg, readily available forms of these micronutrients
would be the moest effective materials with which te combat deficieneA
cies in the field.

Growth Chamber Experiments

‘

The dry weight Qf.barley plants grown in two Braziliam soils,
each from two different depths, and one Montana soii as influenced by
fertility treatments are given in table 7. The data for the first
20 cm depth of Ubu soil indicate that no statistical differences

were found among the means for treatments, 3, 5, 8, 9, and 10. Yield




Table 7.

Dry weight yield of five barley plants per pot as influenced by fertility treatment

on two soil layers of two Brazilian soils and the surface layer of Blodgett soil.

Ubu soil Sao Jose soil Blodgett
Treatment 0-20cm 20=-40cm 0-20cm 20-40cm 0-20cm
g/pot g/pot g/pot g/pot g/pot
1. Check .21 e A4 d .22 d .19 d 1.03 b
2. WK .65 cd .56 ¢ .53 ¢ .86 bc 1.83a
3. NPK + salts of Cu,Fe,Mn and Zn .91ab .64 ¢ .83ab 77 ¢ 2.00a
4, NPK + resins of Cu,Fe,Mn and Zn .78 bed .57 ¢ .63 be .92 be 1.90a
5. NPK + Chelates of Cu,Fe,Mn and Zn ..88abc .70 be .61 ¢ .97 be 1.83a |
6. NPK + Chelates (- Cu) 62 d 46 .67 be  1.10abe 2.07a =
1
7. NPK + Chelates (- Fe) .79 be .62 ¢ .50 ¢ .97 . be 1.97a
8. NPK + Chelates (-~ Mn) .89ab .90 b .68 bc  1.19ab 1.97a
9. NPK + Chelates (— Zn) .94ab 62 ¢ .92a 1.08abc 1.9%4a
10. NPK + salts of GCu,Fe,Mn,Zn + .
5% peat moss 1.10a 1.02a .98a 1.45a 2.26a

% Means followed by the same letter are not significantly different at the
probability by the Duncan Multiple Range Test.

5% level of
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differences were found at the 5% level, from treatments, 1, 2, 4, 6,
and 7. There was tendency for an increase in yield for those treat-
ments which received all four micronutrients as salts (tmt 3) and
mainyy when they wérg mixed with peat (tmt 10). Fér this layer,
there were no statistical differences among the means from the treat-
~ments minus iron, minus manganese and minus zinc¢, but the treat-
ment that did not receive coppef (tmt 6) was no better than the
treatment which received no micronutrients (tmt 2). This suggests
that the soil is deficient in copper, a result éuspected from the
appearance of sugaf cane grown in the-area from which the saﬁple_
came. All treatments were significantly different from the check,
windicating a definite requirement for the macronutrients.

In the same Ubu soil, but En the 20~40 cm layer, the treatment
supplyiﬁg micronutrients as salt plus 5% peat produced significantiy
more yield than all the other treatments. Agéin, the minus copper
treatment tended to yield less thaﬁ any treatment receiving copper,
suggesting that the subsoil is also copper deficient. All treatments
yielded significantly more than the check. Comparing the yields of
equal treatments on_theée two soil depths, there was a tendency for
the plow layer to give higher yields.-

On.the 0-20 cm layer of Saé Jose soil the highest yields were

obtained when all nutrients were added as salts (with or without peat)
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or when only zinc was omitted., All treatment yields were greater
than that of the check.. If a micronutrient cation deficiency is
present in this soil, it appears to be a combination of Fe, Cu, and
Mn in that order. As regarding the 20-40 cm layer of this soil, it
can be observed that no statistical difference occurred among the
dry matter productions from treatments 6, 8, 9, or 10, suggesting
that iron may be most limiting of the micronutrients in this layer
of soil. Surprisingly, the dry matter production from equal treat-
ments on this layer, was generally more than that of the plow layer
or 0~-20 cm depth. Perhaps, development of a slight textural B hori-
zon and entrapment of some leached ions has increased the fertility
of this layer.

For the yields of plants grown on Montana soil, it was found
that all treatments but the check, produced alike, with no statis-
tical difference among them. All tfeatmen£s were greater than the
check, indicating that the NPK treatment was the primary requirement
of these soils. Both Brazilian soils in general showed lower pro-
ductivity when comparéd with Montana soil.

The results are graphically presented for each soil in Figure
19 through Figure 23. Figure 24a and 24h presents the .comparisons
among soils of each treatment effect,

Regarding the Brazilian soils, previous results reported copper,
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manganese and zinc deficiencies in soils at the same locations or in
soils belonging to the same Great Soil Group (48)%/ However, the
results reported here must be considered from the standpoint of steam
sterilization treatment on these soils. Failure to demonstrate
specific deficiencies may be related to these effects (6,20,28,29,46,
49,65,103). TIrregardless of this, it can be said that both soils
are extremely low in fertility and that they respond to application
of both macro and micronutrients. This ascertaion is verified by
comparing their dry matter yields with the yields obtained in izhe
Blodgett soil, a soil which is relatively low in fertility by com-
parison with other Montana soils.

‘These results do not completely confirm the comparable values
of chelates as sources for micronutriemts as others have reported
(14944,'47,57966,1149118)° The yield from the complete micronutrient
treatment added as chelates was less than when they were added as
salts on the 0-20 cm layer of Sao Jose soil. Resins (24,87,88,89)
and salts (31932,37538?52,969120) appear to be equal as tools to
study the availability of micronutrients for plant growth when the
system is limited to ome in which thefe is no leaching. Leaching
conditions may alter this comparison in favor of tpe salt forms.

The addition of peat was generally beneficial in relation to

yield of dry matter. ) .
37 Leite, J.P. 1967. Instituto de Pesquisas Agronomicas; Recife,

Pernambuco, Brazil.
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Table 8 presents the ppm of copper in .soils determined after
the'barley plants had been harvested. As can be seen, copper was
detectgd onl? in the treatments which received micronutrients as
salt in each‘iayer of the two Brazilian soils. However, in treatments
receiving mincronufrients as chelate forms, copper was found in the
second 1ayer of Ubu soil and in both layers of Sao Jose soil. Copper
was present at detectable levels in a few other soils aftér plant
growth, but generally only when plant growth was low. Additioﬁ of
peat to the soil ihcreased copper in the plant considerablys but the
result of peat anaiysis indicated that only 0.39 g of copper were
contributed by the peat. Apparently, the peat influeﬁced the release
of copper from the soil. It appears . .the amounts .of :copper.added
were not more than adequate, resulting in levels non-detectable at
the termination of plarit growth.

In the Blodgett soil, copper was extracted at detectable levels
from all treatments, but the mean was statistically greater than that
of other treatments only where the micronutrients were added as salts.

The ppm of iron in goils determined after the Plants had been
grown on them is found in table 9. As can be seen, only the means
of ppm of iron from the micronutrients as salts plus peat, treat-
ments (tmt 10) were statistically different from all the other means

of the remaining treatments. -This was true for both layers of both




Table 8. Means of DTPA extractable "Cu'" in soils after the barley plaants had been harvested

A Ubu soil Sao Jose soil Blodgett
Treatment 0~20cm 20-40cm 0-20cm 20-40cm 0-20cm
Ppm ppm ppm pPpm ppm
1. Check .N.D. LWN.D. N.D. N.D. .39 . _éf*
2, NKP N.D. N.D. ~ N.D. N.D. .39 ef-
3. NPK + salts of Cu,Fe,Mn and Zn 41 .81 .50 »35 1.47a
4. NPK + resins of Cu,Fe,Mn and Zn ' N.D. N.D. N.D. N.D. « 34 £
5. NPK + Chelates of Cu,Fe,Mn and Zn N.D. .10 .10 .10 .61 bed
6. NPK + Chelates (- Cu) N.D.  N.D. N.D. N.D Ab4 o def
7. NPK + Chelates {(—Fe) . N..D. .17 N.D. .17 .35 é&de
8. NPK + Chelates (—Mn) N.D. .20 .10 .20 .67 bc
9. NPK + Chelates (- Zi) ' N.D. .20 .10 .20 .68 bc
10. *NPK + salts of Cu,Fe,Mn,Zn +
5% peat moss .58 .60 .55 42 .77 b

x

Means followed by the same letter are not significantly different at the 5% level.of probsal .’
bility by: the Dufcan Multiple Range Test.

_€6_




Table 9. Means of DTPA extractable "Fe' in soils after the barley piants had been harvested.
Ubu soil Sac Jose soil Blodgett
Treatment 0-20cm 20-40cm 0-20cm 20-40cm OfZOcm
ppm Ppm ppm,- ppm ppm
1. Check 15.10 b 10.60 b 12.53 b .7.90 b 70.67a
2, NPK 4:63. c: 3:90.c  5.67 ¢ 2.0 ¢  64.33 b
3. NPK + salts of Cu,Fe,Mn and Zn 6.27 c 4.60 - ¢ 6.00 c¢ 3.90 ¢ 64.00 b
4. NPK + resins of Cu,Fe,Mn and Zn 5.60 c 4,23 ¢ 6.53 < 5.17 b 65.00a
5, NPK + Chelates of Cu,Fe,Mn and Zn 6.77 c 5.23 -¢  7.87 ¢ 463D 69 .00a
6. NPK + Chelates (= Cu) 5.33 ¢ 3.87 ¢ 7.10 ¢ 5.33b  62.67 b
. =
7. NPK + Chelates (- Ee) 6.40 ¢ 4,27 ¢ 6.53 ¢ 4.63 b 65.33a ;
8. NPK + Chelates (— Mn) '7.77 ¢ 5.00 ¢ 9.53 bc  5.67 b  71.00a
9. NPK + Chelates (— Zn) 7.37 ¢ 4.97 ¢ 9.27 bc  6.27b  70.33a
10. NPK + salts of €u,Fe,Mn,Zn + . )
24,00a 18.67a 24 .00a 16.67a - 67 .33a

5% peat moss

.+ Means followed by the same 1ette£ are not.significantly different at the 5% level of
probability by the Duncan Multiple Range. Test
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Brazilian soils. The check of Ubu soil in both depths Q;; also dif-
ferent statistically from all the other means. In the 0-20 cm depth
of Sao Jose soil, the'check treatment did not differ..statistically
in extractable iron from that of treatments 8 and 9 (Mn and -Zn),
but the latter two treatment5 were not different from the remaining
ones (2 through 7)ﬂ The iron rgcovered from the check plot of the
20-40 cm depth of the Sao Jose soil was not different from the
means of treatments 4 through 8. Treatments 2 and 3 had sigpi-
ficanfly less extractable iron than did treatments 4 through 8.

In the Blodgett soil, the means of treatments 2, 3, and 6 were
equal bﬁt less than all thecremaining méans? which in turn were
statistically.equivalent. In general, these vaiues are relativel&
low for the Brazilian soils, but high for the Blodgett, Lyndsay&/
reports that soils with less than 5 ppm DTIPA extractable Fe may be
deficient for plént growth (sorghum). It appears that even in trop-
ical soils, which are congidered to be high in iron oxides, available
iron may be inadequate for good crop yields. The higher iron‘extracted
from the soils of check treatments is probably associated with de~
creased plant growth from these treatments as limited by N, P, and
K. Most-piants were dead at the harvesF time on the check plots of
the Brazilian soils.

. Table 10‘prESenté'meaﬁs of ppm of manganese in soils extraeted
%7 1yndsay, W. L., ‘Letex on:Nov: 20, 1969.tp V. Haby about. DTPA-TEA

method. i !




Table 10. Means of DTPA extractable '"Mn" in soils of the barley plants had been harvested.
) Ubu soil Sao Jose soil Blodgett
Treatment 0-20cmc 20-40cm 0-20cm 20-40cm 0-~20cri
. ppm ppm ~ ppm _ppm ppm
1. Check 2,56 b .55 b 1.79 be 2.26 b 10.43a
2. NPK 1.53 ¢ .18 b 1.53 ¢ 1.44 d 15.00a
3.. NPK + salts of Cu,Fe,Mn and Zn 1.86 be .80 1.70 bc 1.79 ¢ 14.30a
4. NPK + resins of Cu,Fe,Mn .and Zn 1.52 ¢ -.37 b 1.70 be 1.68 ¢ 22,23a
5. NPK + Chelates of Cu,Fe,Mn and Zn 1.61 ¢ .45 b 1.53 ¢ 1.6l < 21.33a
]
6. NPK + Chelates (—Cu) 1.60 c¢ .72 b 1.70 be 1.79 ecd 18.10a o
o
7. NPK + Chelates (—Fe) 1.37 ¢ 37 b 1.37 d 1.93 e 19.97a '
8. NPK + Chelates (—Mn) 1.44 ¢ .37 b 1.37 d 1.61 ¢ 20,57a
9. NPK + Chelates (= 2Zn) 1.68 b . .72 b 1.96 b 1.77 ¢ 20.77a
10. NPK + salts of Cu,Fe,Mn,Zn + :
5% peat moss 4,20a:. 24.17a 4.10a 3.60a 31.77a

* Means followed by the same ietter are not significantly different at 5% level of probability
by the Duncan Multiple Range Test.
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after the plants were harvested. It is obvious that for the two Bra-
zilian soils and at both depths, treatments 10, (micronutrients as
salt plus peat), had significantly more manganese than did soils

from all other treatments. Manganese, like iron, is normally rather
abundant in most tropical soils.. The extractable manganese of these
soils is probably adequate for all except the 20-40 cm layer of the
Ubu soil. One ppm has been suggested as the "critical" value for
DTPA extractable ménganese““w It must be remembered, too, that
the levels -of micronutrients found in this study may be artificially
high because of the steam sterilization treatment of the soils.

No significant differences were found among the means of ppm
of manganese extracﬁed.from the Blodgett soil. It appears that this
soil has an adequate supply of this micronutrient.

Table 11, presents the means of ppm of zinc in soil following
harvest. It can be seen that the Blodgett soil did not show any signi-
ficance at all among the treatments. The same can be said regarding
the 0-20 cm layer of Sao Jose soil. In the 0-20 cm layer of Ubu soil,
treatment 10 (micronutyiénts as salts plus peat) was significantly
greater than all remajning treatments. In the 20-40 cm layer, only
the  treatment receiving NPK withéut micronutrients (tmt 2) and that
supplied with resin forms of micronutrients (tmt 4) were significantly
less than all others. On the 20-40 cm layer of Sao Jose soil, it was

evident that both check and micronutrients as salts plus peat treat-

Lt LR -

0 o




Table 11. Means of DTPA extractable

"Zn" in soils after the barley plants had been harvested.

Ubu soil

. Sao Jose soil ~ Blodgett
Treatment 0-20cm 20-40cm __ 0-20cm___ 20-40cm___0-20cm
ppm _Ppm . ppm .. ppm __PPm
1. Check " 3.60 b 5.00a 3.57a 3.60a 1.84a
2, NPFK 2,26 ¢ 2.77 b 2.27a 1.91 ¢ 1.67a
3. NPK + salts of Cu,Fe,Mn and Zn 2.57 bc 5.00a 3.21a 2.67 b 2.70a
4, NPK + resins of Cu,Fe,Mn and Zn 2,03 ¢ 3:32 b 2.48a 2,22 ¢ 1.87a
5. NPK + Chelates of Cu,Fe,Mn and Zn 2.26 . c 5.00a 2.62a 2.18 c. 2.04a \
6. NPK + Chelates (—Cu) 2,18 ¢ 5.00a 3.83a 2.54 b 1.99a :
T 1
7. NPK _ Chelates (=—Fe) 2.03 ¢ 4.30a 2.47a 2.16 ¢ 2.24a-
8. .NPK + Chelates (—Mn) 3:10 be: 5.00a 3.05a 2;77 bec 1.93a
'9. NPK + Chelates (— Zn) 2.24 ¢ -.4.43a 3.21a 2.20 ¢ 1.90a
10. NPK + salts of Cu,Fe;Mn,Zn +
’ 5.00a 5.00a 5.00a 4.27a 3.10a

5% peat moss

+ Means followed by the same letter are not significantly different at the 5% level of

probability by the Duncan Multiple Range Test
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ments were not significantly different from each other, but they were
greater than all the others. Available zinc determined on these soils,
was relatively high; and it ,is doubtful that a zinc deficiency would
occur at these 1eveis. The '"critical" leQel for zinc is suggested
to be 0,8 ppm. More research is needed on these soils under field
conditions to.verify these levelé obtained on'sterilized samples.,
Many crops, especially citrus and corn, have exhibited visual zinc
deficiency symptoms when grown on tabuleiro soils of N. E; Brazil.

Table 12 presents the data of manganese concéntrations’in
barley plants grown in the growth chamber on these soils. The high-
est manganese concentrations were obtained from check treatments on -
the Brazilian soils. Undoubtedly, this is due to curtailed plant
growth. It is interesting to note, also, that the manganese con-
tent of barley was least on the treatment in which it was not added
(tmt 8) although it was not siénificantly less than in several other
treatments on these four soils. On the Blodgett soil, plants from
the check treatment had the least manganese. Adding only NPK; or
everything except manganese resulted in lower manganese concentrations
in barley than from all treatments in which manganese was added,
regardless of the form used.

The manganese concentrations‘afe generally within the adequate,
but not: excessive range. Chapman (19) reports that ample but not
excessive levels commonly fall in thé 20 to 500 ppm range. The lower

plant concentrations of manganese from the minus manganese treatments




Table 12.

Manganese concentrations of barley grown on five different soils as influenced
by fertility treatment and form of micronutrient

Ubu soil Sao Jose soil Blodgett
Treatment 0-20cm 20-40cm 0-20cm 20-40cm 0-20cm
PP ppm . -bpm ppm ppm
1. Check 194 .48a%  250.99a..  87.59ab 105.54a 59.66 b
2. NEK 69.78 b 47.88 b  68.l4abc 36.38 c 139.50ab
3. NPK + salts of Cu,Fé,Mn and Zn 63.09 b 59.73 b 60.01 be 64.39 be 170.50a
4. NPK + resins of Cu,Fe,Mn and Zn 74.79 b 26.39 b . 64,48 bc 46.90 bcd 175.00a
5. NPK + Chelates of Cu,Fe,Mn and Zn 46.30.b 31.95 b 63.83 bec 45.63 cd 177.50a "
r—.l
o
6. NPK + Chelates (--Cu) 72.08 b  60.91 b  62.55 bé 47.03 bed 181.80a
!
7. NPK + Chelates (~-Fe) 66.77 b  43.63 b  69.36 bc 38.78 cd 159.67a
8. NPK + Chelates (--Mn) 134,70 b 29.38 b 42.31 ¢ 33.50 d 130.33ab
9. NPK + Chelates (- Zn) 40.97 b 38.35 b 48.64 c 48.79p cd 165.00a
10. NPK + salts of Cu,Fe,Mn,Zn + .
5% peat moss 63.32b  70.12b  93.98a  75.00 b 205.50a

Means followed by the same letter are not significantly different at the 5% level of
probability by the Duncan Multiple Range Test
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on the.Brazilian s6ils would:be;near the deficient levels.

Maﬁy literature references report the instability (71,116) of
manganese chelates in soils and also that manganese may be replaced
by i;on'in‘soil (118). These facts cannot be contested, but under
the conditions of this experiment, the manganese chelate was equally,
as good as the salt form employed or when manganese was added‘as a
reéin;adsorbed cation. Under field conditions wheré.leaching may be
important, especially in such sandy soils, the chelate form may not
be as effective. Results of the study on micronutrient cation
leaching as influenced by these forms suggests that such may be the
case,

Table 13 contains the data from the zinc determination in barley
plants grown on the five soil samples of this study. The zinc concen-
trations of barley from the check treatments were significantly greater
than those from all other treéfment means fbr the Brazilian soils,
except on the 0-20 ecm layer of the Sao Jose soil where chelates were
used (tmt 5) or where iron was omitted (tmt 7). WNo other distinct
differences could be observed. The zinc content of the plants grown
on the Blodgett soil, did not show any statistical significance when
the means were(compared_by Duncan Multiple Range Test. |

The high zinc content found in the plants grown on the check
treatments should be interpreted as a result of poor plant growth

due to macronutrient deficiencies. When other factors are-no longer

limiting for plant growth, zinc concentrations will decrease with




Table 13.

by fertility treatment and form of micronutrient.

Zinc concentrations of barley plants grown on five different soils as influenced

Ubu séils " _Sao Jose soil Blodgett
Treatment 0-20 cm 20-40 em 0-20 cm 20-40 cm 0-20 cm

ppm bpm PPm pPpm ppm
1. Check 97 .13a% 161.75a 70.65a 135.01a 39.50a
2, NPK 40.44 b 71.82: ¢ 47.34 ¢ 85.88 b 44.,50a
3. NPK + salts of Cu,Fe,Mn and Zn 38.69 b 70.17 c- 48.12 c 47.29 b 48 .,00a
4. WNPK + resins of Cu,Fe,Mn and Zn 36.94b  72.29 ¢ 37.99 ¢ 41.06 b  48.50a
5. NPK + Chelates of .Cu,Fe,Mn and Zn 45.73 b 88.49 c  65.36ab  50.02 b  34.50a

. R t

6. NPK + Chelates (— Cu) 55.37 b .97.84 bc  49.66 bc 85.79 b  43.50a =

) _ o

7. NPK + Chelates (—Fe) 64.26 b 96.72 bc  66.04ab 42.82 b 41.00a '
8. NPK + Chelates (—Mn) 46.36 b 72,08 ¢ 48.38_.c 36.00 b  40.50a
9. NPK + Chelates (- Zn) 36.87 b 82.78 ¢ - 45.57 ¢ 31.59 b 51.00a
10. NPK + salts of Cu,Fe,Mn,Zn + _ ‘ ‘
: 5% peat moss 56.24 b 124, 40.83a

14 b 72.06a 44.00 b

ala
w

Means followed by the same letter are not significantly

probability by Duncan Multiple Range Test.

different at the 5% level of
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increased dry matter production. As stated by Price (76) ''the con-
centration of free zinc ions will decrease progressively as zinc 'is
diluted by continuing growth'.

According to Chapman (19), deficiency levels of zinc in élant
tissues are characterized by concentrations in the range of 20 to
25 ppm. Ample, but not excessive 1evels.fall in the range 25 to
150 ppm.‘ All levels reported are well within this latter range,
suggesting that these soils adequately supplied zinc under these
experimeﬁtal conditions. Furthermore, barley is said to Belong to
the group of "insensitive plants" to zinc deficiercy (85).‘

* Table. 14 shows the yields of manganese in mg per pot. It can
belobserved that for Brazilian éoiis the greatest uptake of man-
ganese occurred on soils treated with salt forms of micronutrients
plus the addition of 5% peat to the soil. Most of this increased
uptake or.yield of ‘manganese is a reflection of greater dry weight
production from this treatment, Eut some is due to gfeater plant
concentration. No other pertinent differences were apparent.® Lower
vield of manganese were much greater from the Blodgetf soil than from
the Brazilian soils.

The application of peat in Brazilian soils was generally bene-
ficial to the yield of manganese. Considering the concentration of
micronutrients in the peat, as determined by chemical analysis, and-

the quantity of peat added, the amounts of manganese added in this




Table 14. Manganese yields from barley plants grown on five

by fertility treatment and form of micronutrient.

different soils as influenced

Ubu. &oils

Treatment .- 0-20 cm .. -20-40

.- Sad -Jose soil Bladgetti.

5% peat moss ' 69.97a  75.56a

I
l—-l
o

&~

1

em . -0-20.cm -20-40 cm  0-20.cm.
, S pelpot . . pg/pot .. pig/pot
1. Check : | 34,21° c* 35.80 b 19.08 b 20.22 ¢ 62.13
2. NPK | 45.02 b 26.05 b. 36.23 b 33.09 b 256.56 b
‘3. NPK + salts of €u,Fe,Mn and Zn 56.84ab  35.59 b 50.34 b 50.26 b 341.00ab
4. NPK + resins of CusfesMn and Zn 57 .89ab 14.70 b 41,58 b 43.39 b 334:023b.
5. NPK + Chelates of Cu,Fe,Mn and Zn 40.28 b 22.37 b 38.93 b 44.33 be 317.30ab
6. NPK + Chelates (- Cu) . 4475 Db 27.24 b 41.39 b 54.00 b  370.41ab.
7.. NPK + Chelates (- Fe) 51.21 b 26.71 b 34.94 b 36.43 b  318.4lab
8. NPK + Chelatés (—Mn) ' 30.76 ‘¢ 26.03b  29.46 b 39.10 b  255.43 b
9. NPK + Chelates (- Zn) . 38.71° ¢ 23.83 b 46.05 b 52.61 b  320.80ab
.10u NPK + salts of Cu,Fe,Mn,Zn + -
94.03a 102.44a 467 .58a

K3
W

Means followed by the same letter are not significantly different at the 5% level of

.probability by the Duncan Multiple Range Test.
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form was only §l7‘pg. The mangénese yield was increased 30 to 50 mg.
on the treatment wﬁere peat was added. It appéars that this organic
residue céntributed more to improve the physical condition, rather
than as a source.of nﬁtriént. .frobably, by increasing the water
holding.capacity of those soils, manganese was ever ready to be adsor-
bed by the planté; it may also be that manganese was chelated by the
organic compounds from the peat and then remained available for the
plant use.

“Table 15 presents the data related to the yields of zinc in ye
pér pot. For the plow layer of Ubu soil, treatments 10 (micronutrients
as salts plus peat) did not differ significantly from micronutrients
as chelate ﬁinus.iron;this last one, on the other hand, was statis-
tically similar to treatments 3, 5, 6,.8, and 9. In the 20-40 cm
layer of the same soil, treatmeng 10 differed significantly from all
the other treatment means. The opposite situation occurred on the
Sao Jose soil. On' the 0-20 cm layer of Sao Jose soil, the treatment
10 was significantly greater than all the other treatment means; how-
ever, in the subsurface layer treatment 10 was statistically equiv-
alent to tre;fments 2 and 4 through 8.

In the Blodgett soil, all the treatments were statistically
different from the check, with the exception of treatments including
micronutrients as chelate (tmt 5) apd micronutrients as chelate

minus manganese (tmt 8), which were statistically equivalent.




Table 15. Zinc yield by barley plants grown in five different soils as influencedfﬁy fertility

treatment and fovm of micronutrient.

, _ Ubu soil . -Sao -Jose spil Blodgett
Treatment 0-20 cm ,20'40 cm 0-20 cm 20-40 cm 0-20 cm
pg/pot pg/pot jig/pot
1. Check ‘ 17.59 d* 22.89 ¢ 15.76 d 26.21 b 42.10 b
2. NPK | 25.98 cd 41.13 be  25.08 .cd 76.3%ab  80.91a
3, NPK + salts of Cu,Fe,Mn. and Zn 35.67 bed 43.04 be 39.93 b :37.05'b 95.96a
4, NPK + resins of Cu,Fe,Mn and ‘zn 28.72 cd 41.12 pc 24,31 cd 39.57ab 92.53a
5. NPK + Chelates of Cu,Fe,Mn and Zn 40.35 be.  59.64 b 39.82 b 48.63ab 63.35ab
: : :
6. NPK + Chelates g— Cu) | " 34.14 bed 44.90 be  33.64 bcl.105.44a  90.10a =
. &
7. NPK + Chelates (—Fe)  48.62ab  60.37 b 32.67 bc 40.l6ab  82.57a '
8. NPK + Chelates (-—Mn) 40.93 be 64.37 b 32.61 be 42.44ab 79.24ab
9, NPK + Chelates (—Zn) 37.49 be 51.84 b 42,14 b 34.07 b 98.19a
10. NPK + salts of Cu,Fe,Mn,Zn + )
5% peat moss 63.05a . 125,16a 70.57a 61.20ab  93.57a

* Means followed by the .same letter are not 51gn1f1cant1y dlfferent at the 5% _level of
probablllty by the Duncan Multiple Range Test
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At least for Ubu soil and the A-horizon of Sao Jose soil, it
appears that the application of zinc as salt combined with peat was
moré available than the other forms in which iﬁ was supplied. Con-
cerning, the Blodgetf soil and the second layér of Sao Jose soil,
the form of zinc applied:has no profound influence on the yield of
zinc.

Table 16 shows the means of the percent phosphorus in barley
plants-gro&n on two Brazilian soils and one Montana soil. The phos-
phorus contents of plants grown on Brazilian soils were relatiﬁely
uniform. Most treatments were interrelated statisticéily with none
of them being highly different from another. However, in the
Blodgett soil, the treatment micronutrient as salts plus peat (tmt 10)
was significantly greater than all other treatment means.

The correlation between ppm of Zn and percent P in plants was
highly significant only for the surface layer of the Ubu soil. The
surface layer of Sao Jose soil showed a significant'correlation at
the .6% level of probability. This seems to indicate that the great-
est amounts of the available forms of the plant nutrients are found
in the surface layers of tﬁese soils. This finding agrees with the
literature (4,47,113).. However, the positive correlation obtained
does not support the action of.antagoni;m between phosphorus and zinc
in these soils, as has been the case in many situations.

Table 17 presents the data.'for the yield of phosphorus in mg

per pot. At the 0-20 cm layer of Ubu soil, the check treatment




Table 16. Phosphorus concentration of barley plants grown on five different soils as
influenced by fertility treatment and form of micronutrient.

Ubu soil Sao Jose soii Blodgett
Treatment : 0-20 cm 20-40 cm 0-20 cm 20~40 ecm 0-20 cm
. A % % % %

1. Check 0.94 b* 0.80 ¢’ 0.70 0.87 b 0.22 bed

2. NPK < 1.20ab  1.28ab  1.2la  1.40a  0.25 b

3. NPK + salts of Cu,Fe,Mn and Zn ‘ 1.55ab 1.00 be 1.l4a” 1.10ab 0.24 be

L. NPK + resins of Cu;Fe,Mn and Zn 1.32a ° 1.10abc  1.34a 1.18ab  0.18 4

5. NPK + Chelates of Cu,Fe,Mn and Zn 1.48a 0.90 ¢ 1.20a 1.07ab 0.21 bed
' 6. NPK + Chelates (— Cu) 1.38a 1.10abc  1.38a 1.46a 0.21 bed
7. NPK + Chelates (—Fe) 1.26ab 1.10abc 1.37a 1.15ab 0.20 cd

8. NPK + Chelates (—=Mn) 1.49a 1.00 be 1.26a 1.08ab 0.22 bed

9, NPK + Chelates (— Zn) 1.35a 1.10abe 1.31a 1.41a 0.22 bed
10. NPK + salts of Cu,Fe,Mn,Zn +

5% peat moss 1.26ab =~ 1.30a 1.30a 1.25ab 0.28a
Correlation between ppm An and ppm P in : .
plants ' 1.48%. 0.04 n.s. 0.34 n.s. 0.02 n.s. 0.009n.s,

* Means followed by the ééme?lettér are not significantly different at the 5% level of
probability by Duncan Multiple Range Test.




Table 17.

Yield of phosphorus by barley plants grown on five different soils as influenced
by fertility treatment and form of micronutrient.

Ubu soil Sao Jose soil Blodgett
Treatment 0-20 cm 2040 cm  0-20 cm  20-40 cm 0-20-cm
mg/pot mg/pot mg/pot
1. Check 12.13 b* 1.20 ¢ 1.56 1.69 2.25
2, NPFK 7 .82ab 6.87 b 6.57 b 12.00abc 4.52 be
3. NPK + salts of Cu,Fe,Mn and Zn 11.35a 6.54 b -9 .85aB 8.59 ¢ 4,76 b
4, NPK + resins of Cu,Fe,Mn and Zn 10.35a 6.10 b 8.55ab 11.12abec 3.52 4
5. NPK + Chelates of Cu,Fe,Mn and Zn 13.43a 8.46 b 7.31 b  10.42 bc 3.84 be
6. NPK + Chelates (~:Cu) 8.51a 5:15 be 9.16ab 16.47ab  4.33 be
7. NPK + Chelates (—Fe) 10.01la 6.59 b 7.02 b 11.02abc 3.96 be
8. NPK + Chelates (—Mn) 13.82a 8.59 b 8.97ab 12.65abc -4.37 be
9. NPK + Chelates (-2Zn) 12.70a 7.10 b 12.13a 15.20abc  4.38 bed
10. NPK + salts of Cu,Fe,Mn,Zn +
5% peat moss - 13.87a 12.76a 12.79a 18.07a 6.45a
Correlation between the yields of P and
the yields of Zn .66%% .81k o 1l .63%% 61 %%

atle

% Means followed by the same letter are not significantly different at the 5% level of
probability by the Duncan Multiple Range Test.
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yielded significantly less phosphorus than alllqther treatment means,
with the exception of NPK treatment. For the second layer of the
same soil,'the treatment micronutrient as ;alts plus peat was signi-
cantly greater than all other treatment means. There were no signi-
ficant difference between ﬁeans of treatments 2 through 9, but the
check yield of phosphorus was less.

Considering both Sao Jose and Blodgett soils, it was observed
that the'check treatments on theéé two soils gave significantly
lower'yields of phosphorus fhan all the other treatment means, A
few other minor differencesAmay be obséryed,

The correlatioﬁ between the yields of zinc and the yields of
phosphorus was highly significant for all the soils,

From the results presented in this table, it. appears that these
soils need a balanced fertilizer in order to express their full
production pétentiél. Proﬁably an efficient maﬁagement and ferti-
lization system would result in a better utilization of the plant

nutrients applied.




SUMMARY AND.CONéLUSIONS,_.;.u

A study was conducted to deterﬁine the retention of zinc and
copper by soil samples. from 0~20 cm and 20-40 cm depths of two Brazil-
ian.."tabuleiro" soils and the surface soil of Blodgett soil from
western-Montana. In this.étudy, soils were mixed with slight excesses
of solutions of copéer or zinc at various concentrations and allowed
to equilibrate for four hours. The solutions were extracted and
analyzed to determine the quantity. of original copper or zinc removed
by the soil.

Botﬁucopper and zinc were rgadily adsorbed by the 0~20 cm layers
of the two Brazilian soils. Retention of copper and zinc was two to
three times- greater than that of the 20-40 cm layer of the same soils.
Sao Jose soil retained more than Ubu soil at the same depth. The
organic fractions of these soils retained five tq ten times more than
the corresponding mineral fraction of the same soil. A Montana soil
used for comparison (Blodgett course sandy 1bam) retained 10 times
more copper than the Brazilian soils at equivalent depth. There was
no apparent difference between the Blodgett and the Brazilian surface
soils in their retention of ;inc. -

Another study was conducted to determine leaching of copper and
zinc from the soils- when added from different sources. For the Brazil-
ian soils the leaching also was done in soil with the orgahic matter
removed., Tﬁe soils were leached with distilled deionized water daily

at the rate of 1 ml of water per gram of soil. Starting from time




zero, 10g of soil were taLen.wéekly for copper and zinc analysis by
fhe DTPA-TEA extractionlprocédure. |

Cépper leaching from the sandy Brazilian soils was found to be
less when copper sulfate was used as compared to the.resin or chelated
forms of copper. Thesg latter two forms of copper were.leachgd-some-
times up to essentially 100 percent of the original copper added.

The failure of the chelate fofm of copper to prevent copper
leaching in the Brazilian soils ié ﬁrobably related to 1) the instab-
ility of the copper chelate in these soils and the displacement of
copper by a more stronély complexed metal ion; of 2) the actual
leaching of the entire chelate molecule, with its copper ion, from
the soil. 1In soils with high surface area and more normal cation .
exchange capacities, this would probably nop occur aé readi;y, as
expressed by results from the Blodgett soil, where the chelated
copper was not easily leached out. The removal of O.M. from Braz-
lian soils or addition of peat to all three soils had little
influence on copper leaching.

© Zinc reacted similarly‘to copper, i.e. the salt form of this

element was generally the best retained,-but the advantage was not
as distinct as in the case of copper, Zinc resin performed better
than copper resins, and the additioﬁ of peat appeared to improve its
retention in the soil, however, no influence of peat was noted on

the other forms of added zinc. It appears that the chelated forms
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of both zinc and copper would be rather ineffective:in solving the
deficiencies of these elements on the Brazilian soils studied.

A study also was conducted to determine which micronutrient(s)
was lacking and at the same time identify which form of the element
could be applied to achieve correction of the deficiency. Barley
(Hordeum distichon L., variety Hypana) was used as the test plant.
The treatments were mixéd with 500 grams of air dried soil and.placed
in plastic pots, Barley seedlings were thinned to 5 pef pot. The
plants were grown in a growth chamber set for 10 hour dark and 14
hour light periods. The temperature varied from 13°C to 27°C. Dis-
tilled deionized water was added as required. A randomizedc:complete
block design was used, with 10 treatments and four replication.

The dry matter production of barley plants grown of Ubu soil
was relatively higher on those treatments which received micro-
nutrients as salts, and the‘results were far better whgn 5 percent
peat was added to the soil. This treatment produced 3 to 5 times
more than check treatments. Copper appears to be the moét limiting
micronutrient of those studied. On the 0-20 cm layer of Sao Jose
soil, the treatment supplying micronutrients as salts produced the
highest yield. Peat apparently had no effect. These results may have
been influenced by steam sterilization of the soils from Brazil. The.
efficiency of chelates was not confirmed under the condition of

these experiments. For the Blodgett soil, the only requirement for
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barley under these conditioﬁs seems to be for éupplemeﬁtal-nitrogen,
phosphorus and potassium.

-

¥
After the plants were harvested, soil'analyses were made to’

-

1

determine the residual of DTPA extractable copper, iron, manganese
and zinc. Results of copper analysis on the soils after plants were
harvested showed that that the copper sulfate form was still present
in Brazilian soilé; Results from other forms varigd'f;om very low
fo nil. All treatments of the Blodgett soil had detectable copper,
however, the salt form had the highest amount.

The addition of peat had tremendous influence on the presence
of extracgﬁble iron after the growth of the plants in both Brazilian
soils. Théﬂamount of residpal iron was five to eight times as
great as from the séme treatment but without peat added. Héwever,
"peat had no effect on the residual irom in the Blodgett soil;

The addition of peat had a marked influence on extractable
manganese 6n Brazilian soils. The amounts varied from 4 to 20 times
that of the treatments where micronutrients were édded as salts with-‘
out peat. Blodgett soil showed no effect from treatments or addition
of peat.

The residudl extractable zinc of Blodgett soil was not influ--

" enced by its add%tion to the soil regardleés of form added. On the
Brazilian soils, peat addition had a positive effect on the zinc in

the plow layer of Ubu soil only. Zinc additions had no detectable
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influence.

To determine the concentrations of elements in the.plants.a per-
chloric acid digestion of plant tissue was made. The only micro-~
nutrient cations detected in the plant eﬁtract were manganese and
zinc. Iron and copper were below the level of detection by.the
procedures used. Phosphorus was the only macronutrient determined.

The concentration of manganese of barley plants was not
influenced by thé form in which the element was applied, however,
if this element is not included its concentration decreased. The
manganese concentration of plants grown on the Blodgett soil was
two to four times greater than that from Braziliam soils. Results
of élnc analysis provided similar data to those for manganese.
However, both elements were higher in concentration on plants from
the check treatments, suggesting that the lack of plant growth on
these treatments was caused by insufficient macronutrients, result-
ing in excessive.micrpnutrient concentrations.

The application of peét in Brazilian soils was generally bene-
ficial to the yield of manganese, nevertheless, this influence is
interpreted .as due to improvement of physical rather than chemical
conditions. Che&ical analysis qf the peat supports this interpret-
ation.

From the yield of zinc obtained it was concluded that, at least

for Ubu soil and the 0-20 cm layer of Sao Jose soil, the application
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os zinc as salt plus peat was better than the other forms in which
zinc was supplied. On the Blodgett soil and the 20-40 cm layer of
Sao Jose soil, the form of zinc seemed to have no influence on the
yield of zinc in plants.

The phosphorus content of barley plants growncon two Brazilian
soils was relatively uniform. However, on the Blodgett soil, the
treatment micronutrient as salt plus peat (tmt 10) gave signi-
ficantly greater phosphorus contents than any other treatment.

The positive correlation between ppm of Zn and percent P in
plants was highly significant only for the surface layer of the Ubu
soil. For the same layer of Sao Jose soil, the positive correlation
found was at the 6 percent level. These positive correlations
obtained do not support the action of antagonism between zinc and
phosphorus in soils, as has been the case in many situations.

The yields of phosphorus iﬁ plants from both Sao Jose and
Blodgett soils wer least from the check treatments. The correlation
between yields of zinc and yields of phosphorus was highly signi-
ficant for all soils,

Results of these studies suggest that these soils need a well
balanced fertilization in order to express their full potential to
produce. Highly efficient management practices and adequate fert-
ilization systems would result in a better utilization of the plant

nutrients applied.
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Only future on-site research can provide definite answers to
the micronutrient requirement of these soils. The availability of
micronutrient cations is very sensitive to changes in the soil environ-
ment. Undoubtedly, steam sterilization of these soils altered their
chemistry considerably from that found under natural cqnditions. The
availabiiity of zinc;;éopper and sometimes manganese was found to be
very low in previous work conductéd on similar tabuleiro soils, but -
under mnatural soils conditions.

In spite of thesé differences, results of the current study
can be applied qualitatively to tabuleiro soils. Micronutrient cation
retention or leaching and effectiveness of various materials sﬁould
be similar under natural co.nditions° Field trials or experiments
with Brézilian crops under controlled conditions, but with non-steri-"
lized soils, fmust be conducted to determine the quantitative aspects
of micronutrient cation‘fertility problems of the tabuleiro soils.
Results from studies reported here should provide considerable

insight into the types of experiments now required.
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