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ABSTRACT

Dilk, Sean Brian. M.Sc. The University of Manitoba, October 2002. Aeronomic
Evaluation of Leonardite on Yield and Chemical Composition of Canola and Wheat.
Major Professor; Geza J. Racz.

Studies were conducted on the agronomic potential of leonardite affecting the
emergence, chemical composition, and yield of canola and wheat. Fertilizer use
efficiency was also evaluated. Field studies assessed the soil application of leonardite as
a broadcast pre-plant or post-plant application. Leonardite did not affect the emergence,
chemical composition, or yield of wheat or canola. A trend was noted in which the low
rates of leonardite tended to increase the emergence and yield; however, this trend was
not signiﬁcanf. The efficiency of phosphorus (P) fertilizer was studied with and without
humic acid, derived from leonardite. Application of leonardite in a P fertilizer band
significantly increased the P concentration of canola tissue in the early stages of
development. However, the increase in P concentration did not result in an increase in
yield. A growth chamber study was performed to determine whether humic and fulvic
acids prepared from leonardite could increase plant absorption of copper (Cu) and zinc
(Zn). Treatments were applied as a broadcast, band, or foliar application and were
compared to Zn-or Cu-EDTA and an inorganic form of fertilizer. Fulvic and humic acid
were ineffective when soil applied; hbwever, Cu- or Zn-fulvic acid was superior to an
inorganic source or EDTA as a foliar application. A field study was then conducted on
the use of fulvic acids as a foliar carrier for Cu. Foliar application of Cu-fulvic acid was

compared to an inorganic and organic source of Cu. Treatments were applied at 0.2, 0.4,
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and 0.6 kg ha™' Cu. Cu-fulvic acid improved the Cu concentration of wheat tissue versus
Cu-EDTA but was inferior to CuCls. Final yield and biomass of the CuC l; treatment was
superior to all treatments while the Cu-fulvic acids were similar to Cu-EDTA. A final
growth chamber study was conducted on the effectiveness of leonardite in reducing
cadmium (Cd) concentration of durum wheat tissue. Nitrogen (N) fertilizer was applied
as urea and the leonardite was applied to the surface of the urea granule. Treatments
were applied as a broadcast or band application. The Cd tissue concentrations were
elevated with application of N fertilizer as a broadcast and band treatment. Broadcast
application of leonardite significantly increased the Cd concentration of durum wheat
tissue. However, the broadcast applications of leonardite in the previously mentioned
studies did not increase the tissue concentrations of Cd. This suggests that leonardite will

elevate Cd cohcentration only when applied to the surface of the N fertilizer.
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1. INTRODUCTION

Leonardite is a naturally occurring material enriched in humic and other organic
acids and is defined as oxidized lignite produced through the weathering of
subbituminous coals and carbonaceous shales (Hoffman et al, 1993). In Canada,
leonardite deposits have been discovered in Alberta and Saskatchewan.

Leonardite has been shown to have variable effects on plant growth. Preliminary
research trials by Akinremi (1999) showed that application of leonardite increased root
growth of canola. In other trials, humic acid, derived from leonardite, improved the fresh
and ‘dry weight of tomato roots (Adani et al.1998). The increase in root growth due to the
application of Ieohardite suggests that the leonardite material may contain compounds
that elicit hormone-like responses. O’Donnell ( 1972) discovered that leonardite
contained polyphenolic compounds, some of which behaved similarly to auxin.

The growth and dry matter production of crops have been enhanced with the
addition of leonardite. Corn dry matter increased with the application of leonardite
(Duplessis and MacKenzie 1983, Tan and Nopamornbodi 1979). Zaifnejad et al. (1996)
showed that lignite products enhanced cereal crop growth. Duplessis and MacKenzie
(1983) found that corn grain yield was significantly increased with application of
leonardite while charcoal and coal products improved the yield of legumes (Iswaran et al.
1979). In other studies, the application of lignite was found to be ineffective in

increasing the yield of corn and bean (Adriano et al. 1978).



Application of leonardite also affects the chemical composition of crop species.
Nitrogen and P concentration of tomato and corn crops were elevated in the presence of
leonardite (Adani et al. 1998, Lee and Bartlett 1976). The application of leonardite on a
loamy sand increased the P concentration of corn plants (Duplessis and Mackenzie 1983).
Micronutrient concentration of crops has also been enhanced with the application of
leonardite. Iron (Fe) concentration in tomato was elevated with leonardite application
(Adani et al. 1998) and lignite improved the concentration of Fe in mustard (DeKock
1960). Application of organic amendments, also containing humic acids, enhanced the
Cu, Zn, Mn, and Fe concentrations of wheat seedlings (Moris 1985).

Generally, the studies conducted to date showed highly variable effects of
leonardite. In some studies, leonardite increased yields and/or altered the chemical
composition of cfops. In other studies, leonardite and/or its products had virtually no
effect on yield and/or chemical composition. Our study was conducted to evaluate the
agronomic potential of leonardite to improve crop production in Manitoba. Yield,
chemical conﬁposition of grain, phytoavailability of micronutrients, and efficiency of P
fertilizer was assessed.

The studies reported in this manuscript included several individual studies to
examine the agronomic potential of leonardite and/or products made from leonardite.
The objectives of this study were to:

1) the effect of leonardite on the yield and chemical composition of canola and wheat.
2) the effect of leoriardit_e on the emergence of canola on poorly structured soils.

3) whether or not addition of humic acid to a P fertilizer band can improve P fertilizer
use efficiency.



4)

whether or not humic or fulvic acid can improve chelation and plant availability of Cu
and Zn.

whether or not application of leonardite can reduce the concentration and
accumulation of Cd in durum wheat.

Literature pertaining to the five areas listed above was reviewed and discussed.



2. LITERATURE REVIEW

2.1 HUMIC SUBSTANCES AND CROP GROWTH

Definition of Leonardite

Leonardite is defined as a naturally occurring oxidized form of lignite coal rich in
humic and other organic acids (Hoffman et al 1993). Leonardite is formed through
weathering of subbituminous coals and carbonaceous shales (Hoffman et al. 1993).
Although leonardite is a heterogeneous mixture of various compounds, it is primarily the
.humic substances in leonardite that are of interest.
Humic Substances

Humic substances are important components of soil that have been synthesized,
do not have a defined composition (Sanchez-Andreu et al. 1994), and are believed to be
highly degradation-resistant materials formed during decomposition of organic matter
(Ashley 1996). Humic substances are described as amorphous, dark colored, hydrophilic,
acidic, chemically coﬁplex organic materials of varying degrees of aromaticity that range
in molecular weight from a few hundred to several thousand daltons (Ashley 1996).
Humic substances may exist in either a dissolved or suspended form. When present as an
organic solid phase, humic substanqes provide a surface for metal adsorption. The
adsorption of a soluble frée metal ion by an available humic substance solid phase can be
viewed as a reversible equilibrium reaction that is dependent on the bulk concentration of

both metal and humic substance.



Humic substances can be separated into three fractions: humic acids, fulvic acids,
and humin. Humic acids are defined as the component of organic matter that is soluble in
alkaline solutions and is subsequently precipitated through the process of acidification
(Duval et al. 1998). Fulvic acids is the fraction of humic substances that is water soluble
at all pH values (Sanchez-Andreu et al. 1994), while humin is the fraction of humic
substances that is not soluble at any pH (Duval et al. 1998). Although the structures of
humic and fulvic acids have not been entirely defined, there are some differences in
properties that have been identified. Humic acids have a higher molecular weight and
greater C and N concentration than fulvic acids, while fulvic acids have higher
concentrations of O, are more acidic, and have greater cation exchange capacity (Duval et

al. 1998).

‘Humic Substances and Germination

Humic substances are capable of increasing the rate of germination (Petrovic et
al. 1982) as well as percent germination (Vaughan and Malcolm 1985, Petrovic et
al.1982). Vaughan and Malcolm (1985) postulated that humic substances influence
biochemical and physiological processes within the plant and soil, increasing rate and
percent germination. For example, Smidova (1962) found that humic acids increase
imbibition by seeds, which results in greater enzyme synthesis. Addition of potassium
humates and fulvic acids to tobacco seeds stimulated respiration (Csicsor et al. 1994),
which enhanced geﬁnination.

However, some other studies have shown that humic substances did not affect

germination. Petrovic et al. (1982) discovered that high concentrations of humic extracts



inhibited germination. Piccolo et al. (1992) found that humic acid derived from oxidized
coal had no effect on germination of lettuce (Lactuga sativa) or tomato (Lycopersicum
esculentunt). Vaughan and Malcolm (1985) concluded that fulvic acid, at a concentration
of 100 mg L' , had no effect on germination of wheat (Triticum aestivum) or barley
(Hordeum vulgare).

Humic substances originate from a number of sources and vary in properties of
pH, molecular weight, cation exchange capacity, and chemical composition. All of the
previously mentioned properties influence germination. Seed species also vary in
optimal conditions for germination such as temperature, pH, moisture, and nutrients.
Therefore, the reason for variation in germination due to application of humic substances
is believed to be due to the large variation of humic substance characteristics and the
‘conditions requiréd for seed germination.

Humic Substances and Emergence

Nuttal (1970) studied the effect of organic amendments on the emergence of
rapeseed (Brdssz‘ca napus) and found that organic amendments improved plant
emergence by as much as threefold. The enhanced emergence was shown to be due to
improved soil physical properties indicated by a reduced modulus of rupture.
Humic Substances and Root Growth

Several studies have shown that humic substances influence root growth. Humic
acids (derived from leonardite) increased root growth of tomato (Adani et al. 1998), corn
(Zea mays) (Tan and Nopamornbodi 1979), bean (Schnitzer and Poapst 1967), and wheat
(Triticum aestivum) (Malik and Azam 1985). Tan and Tantiwiramanond (1983) found

that there was a positive correlation between dry weight of roots and application of humic



acid for soybean (Glycine max), peanut (Arachis hypogaea), and clover (Trifolium
vesiculosum).

Humic materials affect the morphology of roots. Application pf humic acid
caused roots to be highly branched with proliferant root hair development (Lee and
Bartlett 1976). Linehan (1976) found that the main axis extension and the development
of laterals, as well as the fresh weight had all been elevated with application of fulvic
acid. The increased root growth resulted in greater absorption of water and nutrients
resulting in increased root area and biomass (Lee and Bartlett 1976).

Application of humic substances to above-ground plant tissue has been shown to
increase root growth. Xudan (1986) found that foliar application of fulvic acid enhanced
root .activity in wheat, while Sladky (1959) discovered that foliar application of fulvic
acid significantly increased the fresh and dry weight of roots in Begonias (Begonia
semperflorens).

Researchers have suggested reasons for increased root growth in the presence of
humic substances. Some researchers suggest that humic substances increase root growth
via the polyphenolic compounds, some of which provide hormonal activity similar to
auxin (O’Donnell 1972), a hormone known to increase the growth of plants. Other
researchers have reported that humic substances increase the absorption capacity of roots,
increasing the moisture and nutrient uptake by the roots resulting in greater growth
(Vaughan and MacDonald 1976). Researchers have also suggested that humic substances
may increase the peﬁneability of the cell membrane of the root, resulting in greater

absorption of water and nutrients (Cheng 1977).



Application of humic acid has caused cells to extend their growth for a greater
length of time delaying the maturity of the cells and improving growth of the root
(Vaughan 1974). In the same study, Vaughan noted that the fresh weight of the roots had
increased despite a reduction in root cell numbers. In a separate study, Linehan (1977)
concluded that cell expansion increased to an extent that more than compensated for the
depressed cell numbers. Linehan (1977) also suggested that the growth of roots was due

to the direct effect of polycarboxylic acid (PCA), a component of fulvic acid.

Humic S‘ubstances and Shoot Growth

Humic substances have positive effects on plant shoot growth (Moris 1985, Elgala
et al. 1978). Corn dry matter was significantly increased with addition of leonardite
‘(Duplessis and Mackenzie 1983, Tan and Nopamornbodi 1979). Humic acid, derived
from leonardite, significantly increased the fresh and dry weight yields of tomato by 8%
and 9%, respectively (Adani et al. 1998). Tan and Binger (1986) discovered that dry
matter production of corn plants increased by 32.5 to 42.5% with addition of humic acids.
Wheat growth has been reported to increase in the presence of organic amendments
(Ishac 1986). Shoot dry matter of wheat increased with addition of coal combustion by-
products (Zaifnejad et al. 1996) while humic acid increased seedling growth of wheat, by
30% and 33%, on a fresh and dry weight basis, respectively (Malik and Azam 1985).

The addition of lignite has occasionally hindered or not influenced plant growth.
Schisler and Linderman (1989) discovered that application of high rates of leonardite
reduced the growth of coniferous trees. Wallace and Romney (1980) found that

application of coal reduced vegetative yields of bush bean plants (Phaseolus vulgaris)



when applied to a noncalcareous soil. When the coal was applied to a calcareous soil, no
effect on bush bean growth was observed. Coal and sulphomethylated coal (coal that has
been processed for greater N content and solubility) had no effect on growth of barley
(Cairns and Moschopedis 1970) while sulphonated coal was found to be toxic to barley
plants. The toxic effect was believed to be due to a sulphur (S) compound produced
during the sulphonation process that may have been toxic to crops (Cairns and
Moschopedis 1970). Lee and Bartlett (1976) discovered that application of humic acid to
a soil high in organic matter gave a slightly negative response in corn growth. Piccolo et
al. (1992) found that dry weight of lettuce (Lactuga sativa) did not change with the

application of humic acids.

Humic Substancés and Yield

Humic substances and organic amendments increased yields of field crops in
severél studies. Duplessis and Mackenzie (1983) found that addition of leonardite to clay
aﬁd loamy sand soilsiincreased corn yields. Application of charcoal, coal, and peat
improved the grain yields of legumes such as moong (Vigna radiata), soybean (Glycine
max), and pea (Pisum sativum) (Iswaran et al. 1979). The increase in grain yield was
believed to be due to phenolic compounds that were toxic to soil bacteria and protozoa
that are antagonistic towards Rhizobium species. Xudan (1986) discovered that foliar
application of fulvic acid increased the yields of wheat. This was believed to be due to
the reduction in water stress on the wheat plants.

In other studies, organic amendments such as described above, have been

ineffective in enhancing crop yields. Coal by-product application was ineffective in



improving com and bean yields (Adriano et al. 1978). Rowberry and Collin (1977) found
that addition of humic acid did not improve yield or quality of potatoes. However, this
study was conducted in Ontario on soils that typically have been shown to have high soil
concentrations of Fe and Al. Iron and Al may inactivate humic acids by forming water-
stable cements, which may reduce soil permeability (Martin 1960, Martin and Reeve

1960).

Humic Substances and Macronutrient Composition of Plants

Organic amendments containing humic substances may improve macronutrient
composition of plant species (Moris 1985). Humic acid, derived from leonardite,
increased the N and P concentrations of tomato (Adani et al. 1998) and corn plants (Lee
and Bartlett 1976,'Duplessis and MacKenzie 1983). Wallace and Romney (1980) found
that powdered coal elevated the P and K concentration of bush bean on a calcareous soil.
Coal products increased the N content of barley (Cairns and Moschopedis 1970). The
aﬁplication of coal combustion by-products (CCBP) remedied Al toxicity on acid soils
(Zaifnejad et al. 1996). The CCBP consequently created an increase in the uptake of
magnesium (Mg) by wheat plants (Zaifnejad et al. 1996). CCBP reduced Al toxicity
because of the high pH and high concentration of calcium (Ca) in the CCBP. Calcium
displaces Al from the exchange sites and allows for precipitation at the elevated pH.
High concentrations of Al have been shown to interfere with Mg uptake.

The increase in metallic macronutrients concentrated in plants with humic or

fulvic acids may be a result of water-soluble complexes. The organic acids chelate the
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metal so that the metal remains water-soluble and is less likely to participate in
precipitation or adsorption reactions.

Humic or fulvic acids have also been shown to improve the rqot’s ability to
absorb nutrients. Cheng (1977) concluded that the application of humic or fulvic acids
increased the permeability of the cell ﬁembrane of the root resulting in greater uptake of
nutrients. Vaughan and MacDonald (1976) discovered that humic substances increased
the nutrient uptake by roots, which resulted in greater growth. This increase in
absorption capacity of the roots generated an increase in nutrient concentrations within
the plant. Increases in nutrient uptake may also improve root growth, which will increase
root exploration and consequently nutrient uptake by plants.

Humic acids improved solubilization of precipitated nutrients (Sinha 1972),
increased the soil solution concentration and phytoavailability of nutrients and
consequently the chemical composition of crops.

Organic amendments and humic substances, in contrast to the studies previously
cited, can also have an adverse effect on macronutrient composition of plants.
Application of coal ash created a P deficiency in corn and bean (Adriano et al. 1978).
Sulphonated coal suppressed the uptake of Na and K in barley seedlings (Cairns and
Moschopedis 1970). Powdered coal has been shown to reduce the P and K
concentrations of bush bean plants on a calcareous soil (Wallace and Romney 1980).
Vaughan and Macdonald (1971) found thét the addition of humic acids to a soil
decreased the uptaké of Cl in beet (Beta vulgaris).

Tan and Nopamornbodi (1979) found that humic acid decreased the P

concentration in corn plants. They suggested that the reduction in P concentration was

11



due to the reaction of P with the phenolic functional groups on the humic acid ion,
altering the ionic behavior of the phosphate anion. Studies have shown that humic
substances are capable of forming complexes with P that are unavailable to the plant.
Saeed (1978) discovered that P content of thickspike wheatgrass was significantly
reduced in the presence of leonardite, due to adsorption of P by the leonardite. The
subsequent desorption of P from leonardite was low resulting in reduction in P
availability to the wheatgrass.

Humic and fulvic acid functional groups may also bind to cations found at the
surface of soil minerals. The humic or fulvic acid may then form complexes with metals
that are in soil solution, which may reduce availability of the metal to the plant (Paul and

Clark 1996).

Humic Substances and Micronutrient Composition of Plants

Organic amendments and humic substances can increase the concentration of
micronutrients in plants. Humic acid derived from leonardite increased the Fe
concentration in tomato (Adani et al. 1998) while humates and fulvates were shown to
increase the concentration of Fe in the shoots of wheat seedlings (Linehan and Shepherd
1979). The addition of lignite increased the concentration of Fe in mustard plants
(DeKock 1960) and humic acid significantly increased the Fe uptake by barley (Elgala et
al. 1978).

Copper concentration in barley increased with soil application of humic acids
(Elgala et al. 1978, Metwally et al. 1976). Gupta‘ and Deb (1985) found that the uptake of

Zn by rice and wheat significantly increased with the addition of fulvic acid. Manganese
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concentration of bush bean plants was enhanced when powdered coal was added to an
acidified soil (Wallace and Romney 1980). The increase in Mn uptake was believed to be
due to the acidification of microregions due to the low pH of the powdered coal.
Increases in acidity will increase the solubility of Mn precipitates and increase the
bioavailability of Mn.

Soil application of either humic or fulvic acid elevated the Cu, Zn, Mn, and Fe
content of wheat seedlings (Moris 1985). Zinc and Fe concentrations in barley were
increased when humic acids were added to a soil high in calcium carbonate (Metwally et
al. 1976). .Addition of humic material increased the uptake of Fe and Cu in teak seedlings
(Fagbenro and Agboola 1993) and coal ash significantly increased the concentration of
Cu, Zn, and Mn in corn and bush beans. The same study showed that the coal ash had
increased the conéentration of B in plants to toxic levels (Adriano et al. 1978).

The increase in micronutrient composition of plants with humic acids and other
organic amendments may be due to an increase in rooting area arising from improved
permeability of the root cells (Cheng 1977) or a hormonal effect (O’Donnell 1972).
Formation of water-soluble metal complexes or dissolution of precipitates may also be
responsible for increased micronutrient concentration of plants.

Humic substances and organic amendments can also have adverse effects on the
micronutrient composition of plant species. Linehan (1978) found that humic acids
depressed the absorption of Fe by wheat roots. In other studies, Fagbenro and Agboola
(1993) found that Fe concentration in barley decreased in the presence of humic acids at
low and high concentrations of soil solution Fe, and that increasing concentration of

humic acid reduced the concentration of Mn in teak seedlings. Copper and Mn
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concentration in bean and corn plants decreased when coal by-products were added
(Adriano et al. 1978). Elgala et al. (1978) found that the addition of humic acid reduced
the Zn concentration and uptake at low soil solution concentrations of Zn, and at high
levels of Zn the humic acid protected the barley plants from Zn toxicity (Elgala et al.
1978). In the same study, humic acid protected the barley plants from Fe toxicity (Elgala
etal. 1978). Addition of humic acid decreased the activity of Cd near the corn root but
did not affect the translocation of Cd within the com plant (Tyler and M°Bride 1982).

The reduction in micronutrient composition of plant species may be due to the
formation of stable complexes that are unavailable to the plant. The large size of the
humic or fulvic acid complex may not allow absorption by the plant root.

2.2 HUMIC SUBSTANCES AND PHOSPHORUS AVAILABILITY

Phosphorus and‘Crop Growth

Phosphorus is an essential element for the growth and reproduction of plants
(Tisdale et al. 1993). Phosphorus is a component of intermediate metabolites, cell
membranes, and has numerous roles in transfer of energy and regulation of plant growth
(Salisbury and Ross 1992). There are three main pools of soil P; the P in soil solution,
the labile P, and the non-labile P. Soil solution P is considered available to plant roots at
normal soil pH and primarily consists of orthophosphates (H,PO4” and HPO,>). The
labile P exists in solid form, but exhibits a high dissociation rate or exchange rate
between soil solution and soil solid phases and thus readily replenishes soil solution P
(Tisdale et al. 1993). The non-labile P pool has the ability to replenish the labile pool
when depleted, but this occurs at a very slow rate. The labile and the non-labile pools

contain inorganic and organic P.
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Phosphorus fertilizers are numerous and include phosphates such as rock
phosphate, calcium orthophosphates, ammonium phosphates, ammonium polyphosphate,
nitric phosphate, and phosphoric acid. Numerous studies have documented instances in
which application of P fertilizer increased crop growth and yields (Duplessis and
MacKenzie 1983). However, the efficiency of P fertilizer is low with approximately 20%
of P applied being used by crops in the first year (Hammond 1997). The reasons for poor
P efficiency in base saturated soils include the formation of highly insoluble phosphates,

particularly at high soil pH (Tisdale et al. 1993, Srivastava and Gupta 1996).

Humic Substances and Phosphorus Use Efficiency

Researchers have suggested that humic substances may improve the P use
efficiency of P fertilizers. Duplessis and Mackenzie (1983) found that the addition of
leonardite, an oxidized lignite, increased corn yields due to an increase in P levels in the
plants which was directly associated with leonardite application. Yang et al. (1985)
discovered that humic acids significantly increased plant total P and P uptake, as well as
the yield of wheat. The humic acids increased P fertilizer use efficiency by 40%. Li and
Wang (1988) discovered that addition of humic substances to monoammonium phosphate
(NH4H,POy,) significantly reduced fixation of the added P by an alkaline soil. The
reduction in fixation created an increase in the total amount of P available to the plant.
Wang et al. (1995) found that P fertilizer with humic acids provided more water-soluble
P to the plant than P fertilizer without humic acid; yield of wheat and P uptake with

humic acids was greater than without humic acid.
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Vaughan and MacDonald (1971) concluded that addition of humic acids to P
fertilizer increased the concentration of plant P. Improved uptake of P was due to
competition between the negatively charged functional groups in the humic acid and the
phosphate anion for adsorption sites as well as complex formations with cations.

Organic matter has been shown to increase the availability of soil P and rock
phosphate (Dalton et al. 1952) due to increased microbial activity when organic matter is
added to soils. Certain metabolic products of microbial decomposition form stable
complexes with Fe and Al that are responsible for P precipitation in acid soils (Dalton et
al. 1952). Phosphorus concentration of corn plants was elevated with humic acid
application on an acidic soil (Tan and Binger 1986). The increase in P concentration was
due to a stimulation of root growth. Foliar application of humic substances have been
'shown to affect the P content of plants. Phosphorus concentrations in wheat plants were
increased with the application of a foliar fulvic acid (Xudan 1986). The author attributed
the increase in P uptake to a greater root mass with fulvic acid.

Leonardite has also been shown to reduce P phytoavailability (Saeed 1978).
Leonardite application significantly reduced P content and uptake of thickspike
wheatgrass (Agropyron dasystachum) at all rates of P application. The reduction in P
content was attributed to a decrease in desorption of P from the sorbed phase in the
presence of leonardite. The high sorption of P by leonardite and the subsequent low
desorption to replenish the depleted P from soil solution resulted in reduced plant growth

and yields (Saced 1978).
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Humic Substances and Soil P Solubility
Humic substances dissolve precipitated phosphates (Sinha 1972) and thereby
enhance P availability (Bermudez et al. 1993). The increase in P availability is thought to
be a modification of the crystalline form of the P precipitates and varying the particle size
(Bermudez et al. 1993). Humic acid, derived from lignite, increased solubilization of P
fertilizer at both acidic and alkaline pH (Martinez et al. 1984) and thereby contributed to
the available P in soil. Oxidized and ammoniated oxidized coals have increased the
solubility of P added as monocalcium, dicalcium, and tricalcium phosphates (Rubinchik
et al. 1985).
Humic Substances and P Precipitation
The main cause of phosphate retention in neutral to alkaline soils is through
‘reaction of P with adsorbed Ca and free calcium carbonate in soil (Deb and Datta 1967).
Humic and fulvic acids are capable of reducing P fixation in the presence of calcium
(Wang et al. 1995, Gross! and Inskeep 1991). The formation constant of dicalcium
phosphate dihydrate (DCPD) crystals without humic or fulvic acids was 9.7 L2 mol™' m’!
s, When humic acid was added the formation constant was reduced to 1.1 L? mol! m"!
s and when fulvic acid was added the formation constant was further reduced to 0.1 L?
mol’ m™ s, The precipitation of the DCPD crystals was inhibited by the adsorption of
the humic and fulvic acids onto the DCPD surfaces, which blocked sites acting as nuclei
for new crystal growth (Grossl and Inskéep 1991).
Humic substances can reduce P precipitation through complexation of cations that
normally precipitate P. Moreno et al. (1960) found that organic matter interfered with

precipitation of phosphate as calcium phosphates through the formation of a complex
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between organic matter functional groups and Ca. Complexation of Ca by organic matter
reduced the concentration of Ca in solution that was available for reaction with
phosphate. Leaver and Russell (195 7) also reported that fulvic acid blocked phosphate
fixation sites in soils.

The primary agents of chemical fixation for phosphates in acid soils are active Fe
and Al (Struthers and Sieling 1950). Reaction of Fe and Al with phosphorus produces
phosphate precipitates that are only sparingly soluble and available to plant species. The
most important compounds formed are ferric dihydroxyl dihydrogen phosphate
(strengite), Al dihydroxyl dihydrogen phosphate (variscite), and isomorphous
combinations of the two (barrandite). Organic anions form stable complexes with active
Fe and Al, which suppresses phosphate fixation by reducing the concentration of free Fe
and Al in soil solution (Struthers and Sieling 1950). Swenson et al. (1949) concluded
that certain organic anions greatly reduce the amount of phosphate precipitated by Fe and
Al at acidic pH.

The efficiency of the organic anion to reduce phosphate precipitation at acidic pH
is affected by anion structure (Struthers and Sieling 1950). Amino acid functional groups
are ineffective at suppressing phosphate precipitation. Hydroxyl groups are effective in
reducing phosphate precipitation and the effect is enhanced as the number of hydroxyl
groups increases. As the number of carboxylic functional groups increases, the
effectiveness of the organic anion in reducing phosphate precipitation is enhanced. The
size of the carbon chain (skeleton) is also important. The shorter the carbon chain, the

greater the effectiveness of the organic anion.
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Humic Substances and P Adsorption

Humic substances (humic and fulvic acids) diminish the adsorption of P (Sibanda
and Young 1986) by competing strongly with the phosphate ion for sqil adsorption sites
(Sibanda and Young 1986). The reduction in adsorption of P increased with increases in
humic acid and was evident throughout a wide range in soil pH.

Sibanda and Young (1986) postulated that humic substances reduce P adsorption
reactions as follows: Humic substances contain a number of carboxylic and phenolic
functional groups that are dissociated at alkaline pH and therefore become negatively
charged. These negatively charged functional groups compete with the phosphate anion
for adsorption sites on the soil surfaces, reducing the adsorption and fixation of P to the
soil éurface, thereby increasing the soil solution P concentration and the phytoavailability
of P to the plant. A second postulate is that an unfavorable electrostatic field may be
generated around an adsorbed humic acid molecule that will reduce phosphate adsorption
to the soil adsorption sites (Sibanda and Young 1986). A third theory is that humic and
fulvic acids may have a proton buffer-power effect on the phosphate ion (Sibanda and
Young 1986). The humic or fulvic acid is able to donate a proton to the orthophosphate
anion resulting in a neutral phosphate molecule. The neutral molecule (H3POy4) will
participate in fewer fixation reactions within soil.

In particular instances, P adsorption has been enhanced with application of humic
acids (Wild 1950). Three reasons have béen postulated for the increased adsorption of P
in the presence of organic,acids. First, organic acids may associate with cations that may
then bind to the phosphate anion. Second, a complex formed between humic acids and

Al may be active in P sorption. Third, basal spacing contraction of montmorillonite
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layers would decrease electrostatic repulsion between negative charges on borders.
Phosphorus may then interact with the active sites in the clay (Bermudez et al. 1993).

The effect of organic acids on phosphate adsorption is related' to pH. Oxalic acid
was found to reduce phosphate adsorption at pH of 5.7 to 5.8. However, at pHof 7.9 to
8.0, oxalic acid was only as effective as CI” in reducing phosphate adsorption (Kafkafi et
al. 1988). Possible explanations of the above results are: First, at pH 7.9 all of the
oxalate ions are completely dissociated (Lopez-Hernandez et al. 1979) while the
phosphate prevailed as H,PO,". At alkaline pH, OH' can exchange for H,PO, which will
reduce the amount of phophate adsorbed. Second, the charge on the clay edges becomes
more negative as the pH increases (Kafkafi et al 1988), decreasing P adsorption.

Lop.ez-Hemandez et al. (1979) also found the effect of humic substances on P
desorption to Vary with pH. At low pH, the decrease in P desorption was attributed to
three factors: (1) a direct exchange between the dissociated organic anion and the
phosphate; (2) dissolution and chelation of “active” forms of Fe and Al and; (3) partial
hydrolysis of organic compounds. Lopez-Hernandez et al. (1979) found the desorption of
phosphate from an acid soil was minimal at neutral pH. Athigh pH, the desorption of
phosphate from the acid soil was due to chelation and exchange of hydroxyl ions and
phosphate.

The amount of phosphate that desorbs from a calcareous soil is related to pH.
The greater the hydrogen ion concentration, the more phosphate that was dissolved from
the relatively insoluble calcium phosphates (Lopez-Hernandez et al. 1979). Organic

anions generally are dissociated and negatively charged at pH greater than 6.5, therefore,
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the ability of the organic anions to release adsorbed phosphate may be negligible in soils
with neutral to alkaline pH (Lopez-Hernandez et al. 1979).

Arsenate has been shown to increase desorption of adsorbed phosphate (Barrow
1972). Authors have shown that desorption of previously adsorbed phosphate increases
with the concentration of arsenate and with increases in pH. Arsenate is believed to
compete with the specifically adsorbed phosphate. However, the effectiveness of anion
competition is also related to the accompanying cations (Barrow 1972). As the cation
distance from the soil surface increases, the effectiveness of competition by the anion
also increases. Barrow (1972) found that the effectiveness of arsenate decreased in
presence of cations in the following sequence: Li, Na, K. Therefore, the amount of
potaésium arsenate required to displace adsorbed phosphate was greater than the amount
of sodium arsenate required to displace the same amount of phosphate.

The concentration of the competitive anions also affects the P retention in soils
(Deb and Datta 1967) and should be at least of the same order of magnitude as that of

solution P to be effective in counteracting P retention.

2.3 HUMIC SUBSTANCES AND MICRONUTRIENT COMPLEXATION
Micronutrients and Plant Growth
Micronutrients are defined as essential nutrients required in low concentrations by
plants (Tisdale et al. 1993) and include nutrients such as Cu, Zn, Fe, Mn, and B.
Phytoavailability of micronutrient fertilizer can be limiting to plant growth due to the
formation of very stable surface complexes or formation of precipitates that are not

readily plant available. Stable metal complexes can include complexes with organic
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matter, sesquioxides, clay silicates (Bibak 1994), formation of porphyrin complexes
(Goodman and Chesire 1976) and formation of highly insoluble phosphates. The
formation and stability of these complexes results in a low fertilizer use efficiency of
micronutrient fertilizers. Plant recovery of micronutrient fertilizers is typically between 5
and 10% (Mortvedt 1994).
Humic Substances and Metal Bonding

- Humic and fulvic acids are adsorbed by clays and the adsorption is due to ﬁhe
association between the organic acids and polyvalent cations at the clay surface
(Greenland 1971). Humic acids adsorb metal ions, producing a water-soluble complex.
The complexation of metals with humic acid is affected by pH. Humic acids compete
more strongly for metal ions at acidic pH than at alkaline pH, whereas the clay particles
of soil are compeﬁtive for metal adsorption at alkaline pH (Hatton and Pickering 1980).
Humic acid adsorption of metals varies with the type of metal and metal concentration
within the humic acid. The general selective adsorption of metals (determined by the
distribution cbefﬁcients) for humic acid is Cu** > Cd** > Zn** > Ca®*. The halflives of
the sorption process change very little with increasing concentration for Cu** and Cd**,
However, as the concentration of Zn?* and Ca? increase, the half lives for the sorption
process decrease significantly as metal ions are adsorbed (Bunzl et al. 1976).

There is an interaction between the absorption of Cu and Zn metal ions through
competing ions. The uptake of one of these metals is inverseiy proportional to the other.
That is, the uptake of one metal causes a decrease in uptake of the other metal because
both metals have the same mode of uptake by the plant roots. Vaughan and MacDonald

(1976) discovered that humic acid forms complexes with both Zn and Cu. In this study,
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humic acid complexed Zn and rendered the Zn unavailable to the plant. However, when
both Zn and Cu were in solution, humic acid had a preference for Cu. Humic acid

formed a complex with Cu resulting in an increase in Zn uptake.

Humic Substances and Micronutrient Availability

Humic substances have been shown to improve the bioavailability of
micronutrients (Metwally et al. 1976). Humic and fulvic acids added to micronutrient
fertilizers increased the uptake of Cu, Zn, Fe, and Mn in tropical kudzu (Pueraria
phaseoloides) (Moris 1985). In this particular study, fulvic acids were superior to humic
acids in increasing micronutrient uptake. This is due to the smaller size and less complex
nature of the fulvic acid resulting in greater absorption of the metal.

Metwally et al. (1976) showed that humic acid counteracted the adverse effect of
calcium carbonate in soils. Calcium carbonate was added to soil to decrease
micronutrient availability through precipitation reactions. However, the addition of
humic acid negated the effects of calcium carbonate addition and increased the uptake

and concentration of Cu, Zn, and Fe in plants (Metwally et al. 1976).

Humic Acid and Stability of Metal Complexes

Micronutrient fertilizers have very low efficiencies (Moris 1985) and poor plant
growth and production may occur even when micronutrient fertilizers are added. Any
increase in the stability of a micronutrient complex would reduce fertilizer precipitation

and adsorption losses to the soil increasing micronutrient fertilizer use efficiency.
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One of the most important properties of soil humic acids is their ability to interact
with metal ions to form metal-inorganic complexes of differing stability and structural
characteristics (Senesi et al. 1986). The stability of metal complexes.with humic
substances depends on the pH of the soil. Generally, the stability of a metal complex
with humic substances will increase as the pH of the soil increases (Cheam and Gamble
1974). Humic acids can reduce adsorption of metals at a low pH; however, as the pH of
soil increases, the complexation of metals by humic substances generally decreaseg
(Hatton and Pickering 1980). This is attributed to the clay fraction which can strongly
retain the soluble metal hydroxy species formed at pH>6. Humic and fulvic acids can be
adsorbed by the clay fraction of the soil; however, the extent of adsorption depends on
the concentration and molecular weight of the organic polymer, clay mineral type, and
the nature of the élay counter ions (Hatton and Pickering 1980).

The Irving-Williams series describes the order of stability of metal complexes
(Cotton and Wilkinson 1962). For a given ligand such as humic acid, the stability of
complexes with dipositive metal ions follows the order: Cu>Zn>Cd (Ashley 1996) which
is due partially from ligand field effects and from a decrease in the ionic radius. Metals
such as Cu and Cd seem to have a preferred complexation with humic substances while
the affinity for metals such as Zn and Ca seem to be less significant (Bunzl et al. 1976)

Fulvic acid forms stable complexes with metal ions. Cheam and Gamble (1974)
found that the affinity for metals toward fulvic acid increased as follows: Mercury (Hg) >
Cu>Cd. The stability of the metal complex was also influenced by pH. For Hg
complexes the stability constants (log K) were 4.86 and 5.08 at pH 3 and 4, respectively.

For Cd complexes the stability constants (log K) were 3.04 and 3.64 at pH 4.9 and 5.95,
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respectively. Stability complexes (log K) for the Cu complexes were 3.22, 3.72, and 4.35

at pH 3, 4, and 5, respectively.

Humic Substances and Fe Complexation

There are two principal classes of binding sites available on humic acids for
complexation of Fe** jons (Senesi et al. 1986). The first class includes weak surface sites
that bind metal ions in complexes that are water-stable but easily disrupted by proton
exchange. The second class includes functional groups that form highly stable, inner-
sphere complexes resistant to extensive proton exchange.

The degree of association between Fe and humic acid increases as pH decreases
to a maximum at pH 1.5 (Bedrock et al. 1997, Goodman et al. 1991). Atlow Fe
concentrations, Fe appears to be very strongly bound to the fulvic acid (Goodman et al.
1991). However, when the Fe content approaches 1-2%, some uncomplexed Fe** can be
present (Goodman et al. 1991).

Concentration of the humic substance is also important. In solutions where the
fulvic acid content is high relative to Fe (greater than 100 fold) the reactions with Fe are
completely reversible. In solutions with a lower proportion of fulvic acid to Fe, where
free ions are present, there is a lack of reversibility (Goodman et al. 1991).

Fulvic acid has also been shown to interfere with the crystallization of Fe®* oxides
(Kodama and Schnitzer 1977). However, this is dependent u;.)on the form in which the
Fe’* exists initially, the quantity of fulvic acid present, and the pH. Three forms of Fe are
produced in the presence of fulvic acid, a sextet from magnetically dilute Fe’*, a doublet

from Fe®*, and a doublet from Fe** where the later may come from both organic
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complexes and poorly crystalline oxide species (Goodman et al. 1991). The addition of
fulvic acid results in the reduction of the Fe from Fe*" to Fe*” (Goodman et al. 1991)
increasing the availability of Fe to plants.

Humic Substances and Fe Phytoavailability

Addition of humates have improved the efficiency of Fe fertilizers. The increase
in stability reduced Fe fixation and resulted in greater Fe uptake by mustard plants
(Brassica juncea) (DeKock 1960). Researchers have discovered that at low
concentrations of Fe, humic acid increased plant uptake and concentration of F e, while at
high concentrations of Fe the addition of humic acid reduced the uptake and
concentration of Fe (DeKock 1960).

Addition of humate to a solution containing Fe-EDTA caused a decrease in Fe
availability and uptake by wheat plants (Linehan et al. 1978) at a pH of 5 to 7. This
suggested that humates would act as a carrier only when inorganic forms of Fe were
present.

" Humic Substances and Cu Complexation

Copper is held by more than one type of site within a soil system and the strength
of the bonding between Cu and the soil site increases as the total Cu decreases (Davies et
al. 1969). Copper fixation in the soil can be quite high which can result in nutrient
deficiencies. The addition of humic acid to a soil resulted in an increase of available Cu
by 50%. This increase was due to the act‘ion of the humic acias blocking carboxylic,
phenolic or both furictional groups (Davies et al. 1969) used to fix Cu®*.

Humic substances form very stable complexes with Cu. The stability constant

(log K) for a Cu-humic acid derived from leonardite was 8.9 (Stevenson 1976). Cheam
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and Gamble (1974) discovered that the log K values for Cu fulvate complexes were 3.22,
3.72,and 4.35 at a pH of 3, 4, and 3, respectively. Cu”" has been shown to form a stable
complex with porphyrin (Goodman and Chesire 1976) a component of soil humic acids
(Goodman and Chesire 1976). Cu-porphyrin complexes have been suggested as the
reason for the low availability of Cu on high organic matter soils (Goodman and Chesire
1976).

Adhikari and Ray (1975) discovered that modifications of humic substances affect
the stability of Cu** complexes. Stability constants were higher for Cu complexed with
the phosphorylated humic acid compared to Cu®"-humic acid. This was due to bonding
of Cu by both the phosphate ion and the oxygen donor groups from the humic acid
(Adhikari and Ray 1975).

The stabiltity of Cu-humic acid increases with pH (Adhikari and Ray 1975) due to
two factors. At low pH the H' ions compete with the Cu®* for adsorption sites while at
high pH the H" are removed from the adsorption sites and the hydroxyl groups compete
with donor groups for metal ions. Secondly, as pH increases hydroxylated type of bonds
are formed (Adhikari and Ray 1975).

The bond between Cu and humic acid is either in simple exchangeable form or as
complexes involving dissociated acidic groups (Davies et al. 1969). The bonding strength
of the Cu®* ion and the humic acid ligand is stronger than that of H,O as a ligand (Boyd
et al. 1983). The formation of the humic acid complex with Cu is primarily of two types,
the polyvalent metal cation can be bound to two carboxylic (COOH) groups or the
polyvalent cation is bound to a single COOH group and to a phenolic OH group

(Schnitzer 1969).

27



Reaction between Cu and the oxygen functional groups of humic acid are
primarily with oxygen of carboxylic or phenolic functional groups (Boyd et al. 1981).
The bonding can take place with or without the formation of a chelat_e ring (Boyd et al.
1981). The bonding between Cu®* and the humic acid oxygen donor groups is through a
unidentate complex (Boyd et al. 1981) and forms the chelate ring.

Electron Spin Resonance (ESR) has shown that Cu®* forms inner sphere
complexes with humic acid ligands containing oxygen donors (Boyd et al. 1981). | The
Jahn Teller Effect (Cotton and Wilkinson 1995) results in Cu** binding axial ligands
weakly. This may enable the humic acid to displace axial aqua (H,0) groups from Cu?"
resulting in the formation of an inner sphere complex (McBride 1978). McBride (1978)
also suggested that there was no direct evidence for the formation of more than a single
bond between humic acid and Cu®". ‘However, Boyd et al. (1981) discovered, through
ESR, that the mechanism of Cu* bonding is through the formation of two equatorial
bonds with oxygen donor atoms originating from the functional groups of humic acid. In
addition, the Cu-humic acid oxygen bonds occupy cis-positions in the square plane of
Cu? (Boyd et al. 1981). The authors suggested that the Cu®* formed axial bonds with
ligands of the humic acid.

The concentration of Cu does not have an effect on the sorption rate in the
presence of humic acid (Bunzl et al. 1976). Adsorption constants (Kags) for Cu
adsorption onto humic acids are approximately 2 x 10°* (Ashiey 1996). Large K,q4s are
associated with humic acids that contain a greater abundance of aromatic carbon (lignin
rich). Therefore, the aromatic carbon content influences the degree of metal adsorption

on the humic acid surface. However, studies with lignin rich samples show distinct peaks
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in the 150-152 ppm region of the aromatic region suggesting that greater K, are
associated with phenolic and methoxylated aromatic groups (Ashley 1996).

Fulvic acid also has a high binding capacity with Cu”" (Senesi et al. 1986). The
bond between fulvic acid and Cu™" is derived from both oxygenated and nitrogenated
functional groups. ESR spectra suggests that Cu®* complexation by fulvic acid is through
inner-sphere, polydentate complexes, with the Cu* coordinated equatorially by
oxygenated and nitrogenated fulvic acid ligands (Senesi et al. 1985). As the amount of
Cu* that is complexed increases, the greater is the formation of less reactive functional
groups of fulvic acid with Cu®**. This results in formation of weaker complexes (Senesi et
al. 1985) between Cu and fulvic acid as the concentration of Cu increases. Gamble
(1970) reported that there are two types of COOH groups in fulvic acids, one group with
aK,of2.2x 107 and the second group with a K, of 2.5 x 10, Gamble (1970) also
reported that it is likely that a maximum of two acidic groups per metal may be involved
in complex formation.

Humic Substances and Cu Phytoavailability

Addition of humic acid with Cu has been shown to increase Cu uptake, Cu
concentration, and the dry weight of barley (Elgala et al. 1978). Conversely, humic acid
has been shown to have little or no effect on the availability of Cu. Humic acid addition
resulted in an increase in the adsorption of Cu (Mittal et al. 1984). However, this trend
was very slight and the control of Cu availability was primarily due to pH, with humic
acid having only a éecondary effect. The soluble Cu participated immediately in
precipitation reactions and did not allow for chelation of Cu by the humic acid (Mittal et

al. 1984).
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Humic Substances and Zn Complexation

Broadbent and Ott (1957) discovered that the stability of organic matter-Zn
complexes, measured formation constant as log K values, varied from 3.4 t05.6. Assoil
pH becomes more alkaline, Zn-organic acid complexes become more stable (Dkhar et al.
1985) due to enhanced ionization of functional groups and a greater number of active
ions being involved in coordination to the metal ion (Dkhar et al. 1985). Humic acids
form more stable complexes with Zn than fulvic acids (Dkhar et al. 1985). |

The concentration of Zn in relation to humic acid has an influence on the sorption
process (Bunzl et al. 1976). The half life for the Zn sorption process significantly
decreases as the Zn concentration increases, at a constant level of humic acid. The
adsdrption constants (Kugs) for Zn are approximately 0.25 x 10* which is a magnitude
lower than for Cu (Ashley 1996). However, the same functional groups are responsible
for adsorption of Zn and Cu. Therefore, Zn adsorption will increase as the phenolic and
methoxylated aromatic groups increase within the humic acids (Ashley 1996).

The free energy associated with formation of a Zn-humic acid complex is greater
than for a Zn-fulvic acid complex suggesting that formation of Zn-humic acid is
preferred. The formation constant for both humic and fulvic acids with Zn are greater
than the formation constant of Zn with inorganic anions such as Cl, SOy, or CO%,
suggesting that the formation of humic and fulvic complexes is preferred over the
formation of complexes with inorganic anions (Dkhar et al. 1A985).

Humic substances affect diffusion of Zn in soil. Application of increasing

amounts of fulvic acid resulted in greater diffusion of Zn (Gupta and Deb 1985).
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However, addition of humic acid resulted in greater adsorption of Zn resulting in reduced
mobility of the complexed Zn (Warwick et al. 1998).

Humic substances have affected the uptake of Zn by plants. F ulvic acid reduced
the uptake of Zn by plant roots and resulted in an accumulation of Zn around the roots
due to chelation of Zn (Gupta and Deb 1985). Zinc uptake in beet disks was unaffected
in the presence of humic acids while the rate of uptake was negatively affected (Vaughan
and MacDonald 1976). The reason for the reduced rate of uptake was due to the |
complexation between humic acid and Zn resulting in a larger molecule that interfered
with adsorption.

Humic Substances and Zn Phytoavailability

Application of humic substances to soil has had variable effects on Zn
availability. Zinc uptake in rice and wheat increased when fulvic acid was added (Gupta
and Deb 1985); however, Zn uptake by barley was unaffected by application of humic
acid (Elgala et al. 1978). Humic substances have been shown to protect plants from Zn
toxicity. For example, Elgala et al. (1978) found that humic acid reduced Zn uptake and
Zn concentration in barley plants at all Zn concentrations and protected the plant from
toxic Zn levels.

Concentration of Zn in the soil solution was significantly increased (ten times
greater) when fulvic acid was applied to soil (Gupta and Deb 1985); however,
phytoavailability of Zn‘was reduced when the addition of hurﬁic acids increased

adsorption of Zn to soil surfaces (Hanafi and Salwa 1998).
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2.4 HUMIC SUBSTANCES AND Cd COMPLEXATION

Cadmium is a heavy metal that has been associated with a variety of health
problems when ingested above particular limits. As a result, consumption of food
containing high levels of Cd is undesirable. Several plant species have been shown to
accumulate high concentrations of Cd; some of these plants are consumed by humans.

Application of humic substances can reduce the uptake of Cd by plants.
According to Tyler and McBride (1982) the addition of humic acid reduces the actvivity of
Cd in solution (Tyler and McBride 1982) reducing the Cd absorption by plant roots.
They also noted that humic acid did not have an effect on the Cd translocation within the
comn plants once the Cd was absorbed (Tyler and McBride 1982).

Stevenson (1976) determined the stability (log K) of a Cd-humic acid complex
derived from leonardite to be 6.9. Cheam and Gamble (1974) found that the log K values
for Cd-fulvate complexes were 3.04 and 3.64 at pH 4.9 and 5.95, respectively. Saha et al.
(1979) had shown that the stability constant for a Cd-humic acid water-soluble complex
was from 3.25 to 3.93 and that the stability constants vary little with the degree of
saturation of the humic acid (Saha et al. 1979). Stability constants do not tend to vary
much with the origin of the humic acid (Stevenson 1976). However, researchers have
documented a direct correlation between stability of metal ions and degree of
humification with the stability of the metal ion - humic acid increasing with degree of
humification (Matsuda and Ito 1970). |

The concentration of Cd does not have an effect on the sorption rate in the

presence of humic acid (Bunzl et al. 1976).

32



The pH of the soil is an important factor in the fate of Cd in the environment
(Bolton et al. 1996). As the pH of the soil increases, the formation and stability of Cd
complexes becomes greater (Bolton 1996) reducing the availability of Cd to plants. The
pH of the soil is also important because of the effect of pH on the dissociation of the
carboxyl groups within the humic acid. At pH 4.2 about 8.5% of carboxyls are
dissociated, while at pH 6.3, 80% of the carboxyls groups are ionized (Taylor and Theng
1995). Dissociation of humic acid also has an effect on the formation and stability of Cd
species in the environment. For example, Bolton et al. (1996), using a nonelectrostatic
model, showed that there are four Cd complexes formed in the presence of humic acid:
CdHA+, CdAO, CdH_ A", and CdHB". The complexation constants for the four species
were log 8=-1.29, log 8 =-5.92, log R =-14.39, and log 8 =-3.72, respectively (Bolton
et al. 1996).

There are two possible complexation mechanisms for Cd. The first involves the
formation of a 1:1 complex forming a hydroxo Cd complex (Saha et al. 1979). The
sécond compléx is a 2:1 complex formed through the binding of a Cd ion to two bidentate
ligands when there is a high site to metal ratio (Stevenson 1977). Cadmium is known to
form inner-sphere complexes with carboxyl groups (Taylor and Theng 1995).

The addition of humic acid causes increased adsorption of Cd and reduced
mobility of the complexed Cd (Warwick et al. 1998). Campbell et al. (1987) found that
addition of humic acid fo soil results in enhanced adsorption of Cd relative to clay alone.
However, when the Cdin soil solution became low, the addition of humic acid resulted in

greater desorption. The concentration of humic acid also influences the adsorption of
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Cd* (Davis and Bhatnagar 1994) with adsorption of Cd*" increasing with increases in
concentration of humic acid.

Brady and Pagenkopf (1978) found that as the degree of saturation of fulvic acid
increased, the stability of the Cd complex increased. The stability constants (log K) were
CdFA=5.3, Cd;FA=9.8, and Cd;FA=14.0 at pH 5.7. As the pH increased from 5.7 to 7.7
the stability of each of the three complexes increased but remained in the same order.
Therefore, increasing the saturation of fulvic acid by transition metals resulting in the
formation of more stable complexes (Brady and Pagenkopf 1978). However, when the
fulvic acid becomes fully saturated with transition metals, the fulvic acid will precipitate

(Brady and Pagenkopf 1978).
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3. EFFECT OF PRE-PLANT APPLICATIONS OF LEONARDITE ON YIELD
AND CHEMICAL COMPOSITION OF CANOLA AND WHEAT
3.1 Abstract
A two-year field study was performed to study the yield and chemical

composition of wheat and canola as affected by rate and form of leonardite (oxidized
lignite). Wheat Triticum aestivum (cv. AC Barrie) and Argentine canola Brassica napus
(cv. LG 3310) were grown on two soil types, a Black Chernozem and a Dark Grey
Luvisol. Three forms of leonardite were evaluated; a mine material, powder (colloidal
mine material), and liquid (composed of humic extracts from the leonardite). In the first
'year, mine materfal and powder were applied at five rates, 50, 150, 500, 1000, and 5000
kg ha™!, whereas the liquid leonardite was applied at three rates, 50, 100, and 300 L ha™.
In the second year, the 50 and 150 kg ha™ treatments of mine material and powder and
the 50 and 100 L ha™ treatments of the liquid leonardite were reapplied to the same plots.
Leonardite treatments were incorporated prior to seeding. Emergence of canola and
wheat, yield of canola and wheat, and chemical composition of wheat grain were
determined. Results from this study were inconsistent. Emergence of both crops was not
affected by the application of leonardite. Overall, yield was not significantly affected by
the application of leonardite. However, highest yields were usually attained on plots with
leonardite at low rates. A significant form effect of leonardite was observed where the

powder form of leonardite significantly increased wheat yield compared to the mine
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material. Canola yield was not affected by leonardite application. Chemical composition
of wheat grain was not affected by the application of leonardite.
3.2 Introduction

Leonardite is oxidized lignite that contains humic substances (Hoffman et al.
1995) and is a precursor to coal. In some cases, the addition of leonardite has increased
plant growth and, consequently, yield. In other instances, the application of leonardite
has resulted in either no response or a hindering effect on plant growth. Addition of
leonardite has increased shoot growth and biomass of corn (Duplessis and MacKenzie
1983, Tan and Nopamornbodi 1979). Coal combustion by-products have increased the
shoot dry matter of wheat (Zaifnejad et al. 1996) while humic acid (derived from
leonérdite) significantly increased dry matter production of tomato by 8% and 9%, on a
fresh and dry Weight basis, respectively (Adani et al. 1998). Cormn yields were
significantly increased with the addition of leonardite (Duplessis and MacKenzie 1983)
when applied to a loamy sand. Charcoal, coal, and peat were found to improve the grain
yields of legumes (Iswaran et al. 1979).

Leonardite has also had detrimental effects on crops. Wallace and Romney
(1980) found that application of coal reduced the vegetative growth of bush bean plants.
Schisler and Linderman (1989) discovered that application of leonardite at high rates
reduced the growth of coniferous trees. Additions of coal by-products to corn and bean
did not yield differently than crops that héd not received coal 1‘by-product application
(Adriano et al. 1978). This suggests that the application of coal by-product had no effect

on yield.
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Leonardite may also increase the uptake of nutrients by plants. Humic acid,
derived from leonardite, increased the N and P content of tomato (Adani et al. 1998) and
corn plants (Duplessis and MacKenzie 1983). Wallace and Romney (1980) discovered
that addition of powdered coal elevated the P and K concentration of bush bean plants in
a calcareous soil. Iron concentration in tomato was enhanced with the addition of humic
acid derived from leonardite (Adani et al. 1998) and Mn concentration in bush bean
plants was increased with addition of coal (Wallace and Romney 1980). Adriano et al.
(1978) found that coal ash enhanced the concentration of Cu, Zn, and Mn of corn and
bush bean plants.

Conversely, some studies showed that lignite can decrease nutrient uptake.
Application of coal ash resulted in a P deficiency in corn and bean (Adriano et al. 1978)

“and powdered coal reduced P and K concentrations of bush bean plants (Wallace and
Romney 1980). Adriano et al. (1978) found the concentration of Cu and Mn of corn and
bean decreased due to the addition of coal by-products.

The effects of leonardite on crop growth, yield, and chemical composition have
been inconsistent. Therefore, the purpose of this study was to investigate the ¢ffects of
leonardite on the growth, yield, and chemical composition of canola and wheat. These
two crops have received little to no attention with respect to the effects of leonardite on
crop productivity. Various rates of leonardite were used in this study. Low rates of
leonardite were used to determine whether or not leonardite could elicit hormone-like
responses to plant growth while high rates of leonardite were used to determine whether

or not soil physical properties could be altered and crop growth enhanced.
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3.3 Materials and Methods
Field studies were conducted in 1998 and 1999 determine whether the addition of
leonardite could increase yield and/or alter the nutrient uptake of Whgat and canola. The
experiment was designed as a randomized complete block with 14 treatments and 4
replicates. Soil analysis was conducted by Norwest labs. Procedures for specific soil
chemical properties are described in Appendix Xa. Chemical properties of the soils as

well as extractable P, K, and S are listed below (Table 3.1).

Table 3.1 Characteristics of a Chernozem and Luvisol soil in 1998 and 1999.

Soil Type and Year
Chernozem Luvisol
Soil Characteristic| 1998 | 1999-canoia 1999-wheat 1998 1999-canola| 1999-wheat
pH 7.7 7.7 7.7 75 7.5 75
E.C. (dSm? 1.2 1.2 1.2 0.2 0.2 0.2
O.M. (%) 54 5.4 5.4 3.6 3.6 3.6
N (kg ha) - 120 44 65 28 12 16
P (kg ha™ 36 30 30 16 19 17
K (kg ha™) 1200 1200 1200 347 340 340
S (kg ha™) 94 95 95 14 20 18

E.C. = Electrical Conductivity
O.M. = Organic Matter

Three forms of leonardite: a mine material, a powder, and a liquid form of
leonardite were studied. The mine material leonardite (L-14) was the original or
undisturbed form of leénardite that was extracted directly from the mine and consisted of
varying particle sizes. The powder form of leonardite (colloidal L-14) was prepared by
finely grinding the mine material. The liquid leonardite (L-11) was an alkali-extract of
leonardite. The liquid leonardite was characterized as being primarily humic and fulvic
acids. The forms of Ieonafdite used were identical for each site and the characterizations
of the three forms of leonardite are presented in Appendix I. The laboratory preparing

the various leonardite products used the terms L-14 and L-11 for identification.
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The rates of leonardite used in this study varied with the year and form of
leonardite. Various rates of leonardite were used to determine the effect of residual and
annual applications on productivity of canola and wheat. Rates of leonardite by year are

presented below (Table 3.2).

Table 3.2 Application rates of leonardite in 1998 and 1999 on a Chernozem and
Dark Grey Luvisol.
Year
Form 1998 1999
Mine Material (kg ha™) 50 50
150 150
500
1000
5000
Powder (kg ha™) 50 50
150 150
500
1000
, 5000
Liquid (L ha™) 50 50
100 100
300

The leonardite was spread uniformly on the soil surfaces as a pre-plant broadcast
application and then incorporated using a roto-tiller to an approximate depth of 5 to 7 cm.
Seeding of the plots occufred the day following leonardite application.

Fertility of the Sites

Fertility was maintained at high levels to eliminate nutrient deficiency as a factor
in the study and soil tests were used as a guide for fertilizer application. Nitrogen on the
Chermozem soil in 1998 was applied as a pre-plant band. For the 1999 field season, N
was applied as a broadcast post—plaﬁt application. Nitrogen on the Luvisol in both years
was applied as a broadcast post-plant treatment with split applications due to the high

rates applied. Phosphorus was applied in the seed row. All other nutrients were applied
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as a broadcast post-plant treatment. Nitrogen was applied as urea, P as monoammonium
phosphate, and S as ammonium sulphate. Rates of nutrients applied are summarized in

the table below (Table 3.3).

Table 3.3 Rates of nutrients applied as fertilizer (kg ha™) for a Luvisol and
Chernozem soil in 1998 and 1999.
Soil Type and Year
Luvisol Chernozem
Canola Wheat Canola Wheat
Nutrient|{ 1998 1999 1998 1999 1998 1999 1998 1999
N 175 200 125 150 175 55 105 50
P 8 8 17 17 8 8 17 17
K 0 0 0 0 0 0 0 0
S 42 42 24 24 25 25 0 0

The crop variety of Canadian Western Red Spring wheat used for each site was
‘identical, cv. AC Barrie while the variety of canola at each site was an argentine type
Brassica napus cv. LG 3310. Wheat and canola plots were located adjacent to each other
and received identical application of leonardite, as previously indicated. In 1999, the
canola was planted on the wheat plot from the previous year and the wheat was grown on
the plots previously seeded to canola. The plot seeder was a double disc press drill with
18 cm row spacing. In 1998, the wheat and canola on the Luvisol site was seeded on
May 15 and in 1999, tﬁe plots were seeded on June 10. For the Chernozem site, the plot
was seeded on May 22 in 1998 and on June 19 in 1999. The wheat was seeded at a depth
of 4 to 5 cm and the canola at 2 to 3 cm. Wheat was seeded at a rate of 84 kg ha! and
canola was seeded at 5.8 kg ha™'. The canola and wheat plots were identical in size at 3.2
meters in width x 5 metefs in length.
Crop emergence was determined by counting the number of plants that emerged

In one meter of a single seed row, using the same seed row within each plot.

40



Grain yield at maturity was determined by hand harvesting 6 meter-rows (2 rows
X 3 meter in length) of wheat or canola. The samples were dried, threshed, and weighed
for grain and straw. Chemical analysis of plant material was conducted by digesting a
one-gram sample with a nitric-perchloric acid mixture that was heated to a temperature of
230 degree Celsius for two hours and then diluted to a 1:25 solution with distilled water.
Concentration of various metals was determined by Inductively Coupled Plasma (ICP)
Spectrophotometry.

Statistical analyses of the data were completed using ANOVA and contrasts
procedures in the Statistical Analysis System (SAS Institute (Canada) Inc., Version 8.0,
BCE Place, Suite 2220, 181 Bay Street, P.O. Box 819, Toronto, ON, M5J 2T3).
Treatments were considered significant if the Pr>F value was less than 0.05. Bartlett’s
test for homogenéity of variance was conducted for soil type and year combined analyses.
Where possible, combined analysis was done by soil type and year. In cases where data
from a location was unavailable, the data from soil type and year were combined into site

years.

3.4 Results
Effect of Leonardite on Emergence
Leonardite application did not affect wheat emergence (Table 3.4 and 3.6).
However, year and location effects were observed. Wheat emergence on the Chernozem
soil was signiﬁcantly greater than on the Luvisol soil and significantly greater in 1998

than in 1999.
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Leonardite application did not affect canola emergence (Table 3.5 and 3.6).
However, year and location effects were observed. Emergence of canola on the
Chernozem soil was significantly greater than on the Luvisol soil. The emergence of
canola was greater in 1998 than in 1999, primarily a result of the formation of a very hard
surface crust that impeded canola emergence on the Luvisol soil in 1999. A significant

year, location, and treatment interaction was also observed.

Table 3.4 Effect of pre-plant application of leonardite on wheat emergence (plants m?)
for a Luvisol and Chernozem soil in 1998 and 1999,
Soil Type and Year
Luvisol Chernozem
Treatment 1998 1999 1998 1999
- Control 222 236 176 202
50kg ha' P 198 223 201 177
150kg ha'? P . 192 208 178 209
500kg ha™ P 201 244 167 180
1000kg ha™ P 223 225 155 177
5000kg ha™' P 200 243 159 201
50kg ha™ M 195 235 167 216
150kg ha™' M 201 235 169 211
500kg ha' M 204 233 177 184
1000kg ha' M 173 229 181 205
5000kg ha' M 174 219 162 162
50 L ha™ 205 229 185 188
100 L ha™ 191 267 174 180
300 L ha™ 184 226 164 197
P = Powder, M = Mine Material, L = Liquid
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Table 3.5 Effect of pre-plant application of leonardite on canola emergence (plants m?) ona |
Luvisol and Chernozem soil in 1998 and 1999,

Soil Type and Year
Luvisol Chernozem

Treatment 1998 1999 1998 1999
Control 117 72 98 97
50kg ha P 126 66 89 117
150kg ha™ P 128 74 76 94
500kg ha™ P 119 72 98 111
1000kg ha™ P 126 72 74 133
5000kg ha™ P 115 67 96 115
50kg ha” M 135 66 87 155
150kg ha™' M 119 60 90 118
500kg ha™ M 122 66 90 131
1000kg ha™ M 141 56 108 115

5000kg ha™ M 124 74 103 20
50L ha™ 128 73 94 159
100 L ha™ 111 74 103 131
300 L ha 146 80 111 105

P = Powder, M = Mine Material, L = Liquid

Table 3.6 Combined statistical analysis of leonardite application on wheat and
canola emergence on a Chernozem and Dark Grey Luvisol in 1998 and 1999.
Crop
Wheat Canola
Source df MS F-Value MS F-Value
Rep 3 182.66 7.27* 47.83 1.76
Year 1 1316.29 | 52.41%* | 409.86 | 15.08**
Location 1 1880.36 | 74.87%* | 143.04 5.26%*
Treatment 13 24.34 0.97 19.06 0.7
Treatment x Year 13 23.31 0.93 22.36 0.82
Treatment x Location 13 30.05 1.2 17.21 0.63
Treatment x Year x Location 14 24.68 1.21 232 8.54%*
Error 165| 27.93 27.18
* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom
MS = Means Squares
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Table 3.7 Contrast analysis of leonardite application on wheat and canola emergence
on a Dark Grey Luvisol and a Chernozem in 1998 and 1999.

Crop
Contrast Wheat Canola
Chernozem vs Luvisol ok *
1998 vs 1999 ** ' *

* = significant at 0.05 level
** = significant at 0.0001 level

Effect of Leonardite on Yield

Significant differences in wheat yield did not exist between the control anci any of
the leonardite treatments. However, form of leonardite had a significant effect on wheat
yield (Table 3.8 and 3.9). The powder form of leonardite significantly increased wheat
yield compared to the mine material. There were some significant differences between
specific treatments but no consistent effect by leonardite form or rate was evident.
Significant year and location effects were also observed. Wheat yield on the Chernozem
soil was significantly greater than on the Luvisol soil and wheat yield in 1998 was
significantly greater than in 1999. A significant interaction between leonardite treatment
and year and between leonardite treatment and location was also observed (Table 3.9).

Canola yield was not significantly affected by leonardite application (Table 3. 12).
However, a signiﬁgant.site year effect was observed. Canola yield significantly
decreased in the order Luvisol 1999 > Chernozem 1998 > Luvisol 1999.

Yield data was unavailable for canola on the Chernozem soil in 1999 due to late
seeding and a frost pﬁdr to maturity of the crop. In 1999, the- wheat crop on the
Chemozem was seeded in late June and yields were very low due to frost damage prior to

grain filling.
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a Luvisol and Chernozem soil in 1998 and 1999.

Table 3.8 Effect of pre-plant applications of leonardite on yield of wheat (kg ha™) on

Soil Type and Year
Luvisol Chernozem

Treatment 1998 1999 1998 1999
Control 3406 2418 1767 405
50kg ha” P 3264 2695 1483 490
150kg ha™ P 3960 2334 1469 316
500kg ha” P 3621 2332 1741 344
1000kg ha™' P 3609 2571 1513 473
5000kg ha™ P 3536 2397 1563 431
50kg ha” M 2995 1856 1605 309
150kg ha™ M 4017 2020 1472 356
500kg ha” M 2786 2299 1537 483
1000kg ha™' M 3853 2475 1469 344
5000kg ha™ M 2761 2462 1362 400
50 L ha™ 3297 2163 1439 412
100 L ha™ 3782 2332 1699 323
300 L ha™ 3496 2435 1397 434

P = Powder, M = Mine Material, L = Liquid

- |Table 3.9 Combined statistical analysis of leonardite a

pplication on wheat yield on a

Chernozem and a Dark Grey Luvisol in 1998 and 1999,
Wheat
Source df MS F-Value

Rep 3 922 0.65

Year 1 818444 572.79%%*

Location 1 2369828 1658.54%*
Treatment 13 2847 1.99*
Treatment x Year 13 2920 2.04*
Treatment x Location 13 2753 1.93*
Treatment x Year x Location 14 1599 1.12

Error 1428

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares
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Table 3.10 Contrast analysis of leonardite application on wheat yield on a Dark
Grey Luvisol and a Chernozem in 1998 and 1999.

Contrast Wheat Yield
Chernozem vs Luvisol *%
1998 vs 1999 i
Powder vs Mine Material *

* = significant at 0.05 level
** = significant at 0.0001 level

Table 3.11 Effect of pre-plant leonardite application on canola yield
(kg ha'1) on a Luvisol and Chernozem soil.
Soil Type and Year
Luvisol Chernozem

Treatment 1998 1999 1998
Control 4078 2076 1776

~ 50kg P 4694 1922 2086

~ 150kg P 4952 1753 2074
500kg P 4310 1516 1659
1000kg P 4837 1432 1922
5000kgP 4490 1804 1741
50kg M 3571 1931 1680
150kg M 4099 1746 1774
500kg M 4228 1868 1823
1000kg M 4101 1476 1961
5000kg M 4064 1760 1926
50L 4284 1734 1609

100L 4209 1183 1752

300L 4506 1879 2196

P = Powder, M = Mine Material, L = Liquid
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[—Table 3.12 Combined statistical analysis of leonardite application on canola
yield on a Chernozem in 1998 and a Dark Grey Luvisol in 1998 and 1999,

Canola
Source df MS F-Value
Rep 3 3007 0.78
Site Year 2 1360408 353.29%*
Treatment 1 4137 - 1.07
Treatment x Site Year 26 2868 0.74
Error 123 3850

* = significant at 0.05 level
**= significant at 0.0001 level
df = degrees of freedom

MS = Means Squares

Table 3.13 Contrast analysis of leonardite application on canola yieid on a
Dark Grey Luvisol and a Chernozem in 1998 and 1999.

Contrast Canola Yield
Erickson 1998 vs Morris 1998 o
Erickson 1998 vs Erickson 1999 *x
Erickson 1999 vs Morris 1998 *

* = significant at 0.05 level
** = significant at 0.0001 level

Effect of Leonardite on Chemical Composition of Grain

Analysis was conducted on wheat grain to determine whether or not the addition
of leonardite had any effect on the chemical composition. Wheat grain was analyzed for
N, P, K, S, Ca, Mg, Na, Cu, Zn, Fe, Mn, B, and Cd concentrations. In order to reduce
cost of analysis, samples from the various replicates were composited by treatment prior
to analysis. Thus, a statistical evaluation of the data could nét be conducted. Leonardite
did not appear to have any discernable effects on the nutritional quality of the wheat grain
(Appendix II). In addition, the protein content (measured as %N) of the wheat grain was

not affected by the addition of leonardite (Appendix II).
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3.5 Discussion

The application of organic amendments has been shown to affect the germination
(Vaughan and Malcolm 1985) and emergence of crop species (Nuttall 1970). However,
in this study, leonardite did not affect the emergence of canola or wheat on the Luvisol or
Chernozem soil in 1998 or 1999. Leonardite had no effect on the emergence of canola or
wheat on the Luvisol soil in 1999 even though a heavy rainfall immediately after seeding
resulted in crusting of the soil surface.

Although not significant, the low rates of leonardite seemed to be more effective
in improving emergence than the high rates. This would also suggest that annual
application of leonardite was more suitable at improving the emergence of canola than a
sing‘le large application of leonardite.

In cases Where leonardite has improved emergence of canola or wheat the
application of the leonardite may have modified the soil physical properties to allow
penetration of the plant (coleoptile or epicotyl/hypocotyl hook) through the soil crust with
greater ease (Nuttall 1970). However, the greatest effects of leonardite were with low
rates. If leonardite were to improve soil physical properties, the high rates of leonardite
would be more likely to have the greatest effects on emergence.

Another possibility for improved emergence may be a hormonal effect due to
polyphenolic compounds within the leonardite material. TheA hormonal effect would
explain why low rates of leonardite resulted in the greatest emergence since high rates of
hormones can reducé growth. Application of organic amendments has enhanced root
growth (Vaughan and MacDonald 1976, Akinremi 1999) as well as percent seed

germination (Petrovic et al. 1982). Increases in seed germination usually result in greater
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emergence. The increased root growth could cause improved absorption of nutrients,
resulting in greater biomass and increased competition between plants, which may
actually decrease the emergence of adjacent plants.

Research with leonardite has shown that application of leonardite can increase
yields of crops. Duplessis and MacKenzie (1983) found that application of leonardite
significantly increased the yield of corn while charcoal, coal, and peat have been shown
to increase the yield of moong, soybean, and pea (Iswaran et al. 1979). In our study, the
application of leonardite had no beneficial effect on wheat or canola yield for the Luvisol
or Chernozem in either year of the study.

The reason for variation in yield response is possibly because of variation in the
quélity of the leonardite. Leonardite that is produced in different regions may vary in the

“concentration of humic substances, quality of humic substances, quality of organic
carbon, and amounts of nitrogen. All of these factors contribute to the microbial activity
and dynamics of the soil. Preliminary studies by Smirl (1999) and Akinremi (1999)
showed that the leonardite material used in this study was inert or recalcitrant. Therefore,
the carbon in this leonardite material may have had little or no effect on the energy
dynamics of the soil system thus having little effect on nutrient cycling, production of
organic acids, and organic matter content.

Alternately, the application rates of leonardite may not have been high enough to
affect the soil dynamics. This seems quite possible since the high rate of leonardite was
equivalent to 0.25% of the soil on a weight/weight basis.

Leonardite has been shown to have beneficial effects on the chemical composition

of crop species (Adani et al. 1998, Wallace and Romney 1980). In contrast, other

49



researchers have found that humic substances can have detrimental effects on chemical
composition (Adriano et al. 1978, Linehan 1978). Analysis of the wheat grain showed
that leonardite had no effect on the chemical composition of the wheat grain. This may
suggest that the functional groups that are a component of humic substances within
leonardite did not affect the chelation, diffusion, complexation or mobility of nutrients
within the soil to a significant degree. Nutrient concentrations in the wheat grain also
suggest that leonardite did not affect the turnover or mineralization / immobilization of
nutrients within the soil.
3.6 Conclusion

The application of leonardite as a mine material, colloidal powder, or liquid
fonﬁulation had no significant beneficial or detrimental effects on the yield of wheat or
canola when applied at low (50 kg ha) or very high rates (5,000 kg ha™). No significant
hormone-like responses in plant growth were noted for the leonardite or extract of
leonardite at low rates of application. Also, high rates of leonardite did not significantly
increase yield's indicating that the leonrdite did not affect soil physical properties or the
plant did not respond to changes in physical properties if changes in properties had
occurred.

The application of leonardite did not appear to affect the chemical composition of
wheat grain and therefore did not appear to affect the phytoavailability of metals in the

soil and translocation of nutrients or heavy metals within the plant.
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4. EFFECT OF POST-PLANT APPLICATIONS OF LEONARDITE ON THE
EMERGENCE OF CANOLA
4.1 Abstract
A field study was conducted to determine the effect of a post-plant broadca.st

application of leonardite on emergence and yield of canola. Argentine canola Brassica
napus cv. LG 3310 was grown on two soil types, a Dark Grey Luvisol and a Black
Chernozem. Three forms of leonardite were evaluated: a mine material, powder
(colloidal mine material), and a liquid (composed of humic extracts from the mine
matérial). Mine material and powder were applied at a single rate of 150 kg ha™ on a dry
weight basis. Liqﬁid leonardite was applied at two rates, 100 and 300 L ha™'. The
leonardite products were uniformly applied immediately after seeding on the soil surface.
Emergence and yield were not significantly affected by the post-plant broadcast
application of leonardite and no significant effects on emergence and yield were obtained

among the various forms and rates of leonardite.
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4.2 Introduction

Applications of humic substances have been shown to have a beneficial effect on
seed germination (Petrovic et al. 1982). Vaughan and Malcolm (1985) showed that the
'proportion of seeds that germinate increased with the application of humic substances and
that the increase in germination may result in an increase in emergence. Reasons for
improved germination have been attributed to biochemical and physiological processes
such as increased water imbibition, enzyme synthesis (Smidova 1962), and respiration
(Csicsor et al. 1994). However, humic acids can also have detrimental effects on
gerrhination‘ Piccolo et al. (1993) found that increasing application rates of humic acids
from 40 to 5,000 i)pm significantly reduced germination percentage of tomato seeds.

Organic amendments can have a favorable effect on the emergence of rapeseed
(Brassica napus). Nuttall (1970) discovered that the emergence of rapeseed was
increased by .as much as threefold with the application of an organic amendment at a rate
0f 2.65% by soil weight. “The reason for the improved emergence was due to improved
soil physical properties, as indicated by a reduced modulus of rupture. However, studies
conducted by Akinremi (1999) showed that the addition of leonardite had no effect on the
germination of canola seed. The same study also showed that leonardite did not affect
emergence of canola. |

This study-was conducted as a separate study but located on the same sites as the

study described previously in section 3 of this manuscript to specifically determine the

effect of post-plant applications of leonardite on emergence of canola. Low rates of
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leonardite were applied immediately after seeding to determine whether application of
leonardite on the soil surface could enhance canola emergence through improved soil
physical properties of the soil surface.
4.3 Materials and Methods

In 1998 and 1999, a field study was conducted to determine the effect of post-
plant application of leonardite on emergence of argentine canola Brassica napus (cv. LG
3310). The experimental design was a randomized complete block with 5 treatments and
4 replicates. Soil analysis was conducted by Norwest labs. Procedures for specific for
various soil chemical characteristics are described in Appendix Xa. Characteristics of the

two sites used in the study are described below (Table 4.1).

Table 4.1 Characteristics of a Chernozem and Luvisol soil used in canola emergence study.

Soil Type
Characteristic Chernozem Luvisol
pH 7.7 7.5
E.C. (dS m?) 1.2 0.2
O.M. (%) 5.4 3.6

E.C. = Electrical Conductivity
0O.M. = Organic Matter

The forms of leonardite used were identical to the pre-plant application study and
included the mine material (L-14), powder (colloidal L-14), and liquid form (L-1 1) of
leonardite (Appendix I). The mine material and powder forms of leonardite were applied
at arate of 150 kg ha™ (dry weight basis). Two rates of liquid leonardite, 100 L ha™ and
300 L ha™ were applied. All leonardite treatments were applied as a broadcast post-plant
treatment to test whéther or not the leonardite would be effective in reducing surface soil
crusting thereby increasing the emergence of canola. The canola was seeded and

followed by a uniform application of leonardite over the entire plot. The solid forms of
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leonardite were spread by hand whereas the liquid form of leonardite was sprayed on the
soil surface using hand-pump sprayers.

Conventional fertilizers were applied as described for the pre-plant application
study in section 3 (Table 4.2). On the Chernozem soil in the 1998 field season, N was
applied as a pre-plant band, while in the 1999 field season, the N was applied as a
broadcast post-plant treatment. On the Luvisol, N was applied as a broadcast post-plant
treatment with split applications due to the high rates applied (50% of the N was
broadcast applied immediately after seeding, 25% at the 3 leaf stage, and 25% just prior
to bolting). Phosphorus was applied in the seed row. All other nutrients were applied as

a broadcast post-plant treatment, after leonardite application.

Table 4.2 Rates of nutrients applied (kg ha™) for a Luvisol and Chernozem soil in 1998
and 1999,

Soil Type and Year
Luvisol Chernozem
Nutrient 1998 1999 1998 1999
N 175 200 175 55
P 8 8 3 8
K 0 0 0 0
S 42 42 25 25

Nitrogen was applied as urea, P as monoammonium phosphate, and S as

ammonium sulphate. Brassica napus cv. LG 3310 was seeded at a rate of 5.8 kg ha™.

Seeding date for the Luvisol was May 15 in 1998 and June 10 in 1999. The seeding date

for the Chernozem was May 22 in 1998 and June 19 in 1999. Seeding depth was 2 to 3

cm and plot size was 1.6 m in width and 5 m in length.

Emergence was determined by counting the number of plants that emerged in one

meter of a single seed row using the same seed row within each plot.
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Grain yields at maturity were determined by hand-harvesting 6 meter-rows (2
rows x 3 meter in length). The plant samples were dried, threshed and weighed for seed
and straw yield. Statistical analyses of the data were conducted using ANOVA and
confrast procedures using the Statistical Analysis System (SAS Institute (Canada) Inc.,
Version 8.0, BCE Place, Suite 2220, 181 Bay Street, P.O. Box 819, Toronto, ON, M5J
2T3). Treatments were considered significant if the Pr>F value was less than 0.05.
Bartlett’s test for homogeneity of variance was conducted for soil type and year
combined analyses. Where possible, combined analysis was conducted. In cases where

data was unavailable for a year or location, analysis of site years was performed.

4.4 Results
‘Effect of Leonardite on Canola Emergence
Canola emergence was significantly greater in 1998 than in 1999 due to a hard
surface crust that formed after a large rainfall event, soon after seeding on the Luvisol
soil (Table 4.3 and 4’.4). Canola that emerged in 1999 on the Luvisol soil had emerged
mainly through cracks formed in the crust after drying of the soil. Canola emergence on
the Chernozem was significantly greater than on the Luvisol soil. Leonardite application

did not affect canola emergence (Table 4.4).

Table 4.3 Effect of post-plant application of leonardite on canola emergence (plants m'z).
Soil Typé and Year
Luvisol Chernozem
Treatment 1998 1999 1998 1999
Control ‘ 126 28 87 101
150kg ha™' P 122 48 108 122
150kg ha™ M 129 45 86 117
100 L ha™ 128 44 81 100
300 L ha™ 132 32 84 96
P = Powder, M = Mine Material, L = Liquid
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Table 4.4 Combined statistical analysis of leonardite application on canola
emergence on a Chernozem and a Dark Grey Luvisol in 1998 and 1999.
Canola
Source df MS F-Value
Rep 3 0.44 0.02
Year 1 787.51 40.28%**
Location 1 137.81 7.05*
Treatment 4 19.39 0.99
Treatment x Year 4 7.36 0.38
Treatment x Location 4 12.34 0.63
Treatment x Year x Location 5 358.28 18.33*
Error 57 19.55
* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom
MS = Means Squares

Yield of canola on the Luvisol soil was significantly higher in 1998 than in 1999.
Yields in 1998 on the Luvisol were extremely high due to favorable weather and low in
1999 due to poor emergence and late seeding (Table 4.5 and 4.6). Canola yield on the
Chernozem was significantly greater than yields on the Luvisol in 1999 but significantly
less than on the Luvisol in 1998.  Leonardite application had no effect on the yield of

canola.

Table 4.5 1Effect of post-plant application of leonardite on canola yield
(kg ha™).

Soil Type and Year
Luvisol Chernozem

Treatment 1998 1999 1998
Control ‘ 4333 . 1380 2118
150kg P 4084 1425 2297
150kg M 4393 1387 2189
100L 3761 1389 2229
300L 3641 796 2280

P = Powder, M = Mine Material, L = Liquid
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Table 4.6 Combined statistical analysis of leonardite application on canola yield
on a Chernozem and a Dark Grey Luvisol in 1998 and 1999.

Canola
Source df MS F-Value
Rep 3 2799 0.4
Site Year 2 450130 64.85%:*
Treatment 4 3959 0.57
Treatment x Site Year 8 2339 0.34
Error 42 6941

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares

4.5 Discussion

Post-plant application of leonardite did not affect the emergence of canola on
either soil type in either year. These results are consistent with those found by Akinremi
(1999). However, these results do not agree with those from Nuttall (1970) in which the
application of an organic amendment improved emergence of rapeseed threefold with
addition of organic amendments at 2.5% by soil weight. The highest rate of leonardite
used in our study 0.25% by soil weight.

Preliminaryk reséarch by Akinremi (1999) and Smirl (1999) showed that the
leonardite material is recalcitrant and not actively used as an energy source by
microorganisms. This may explain why the addition of leonardite had no effect on
germination or emergence of canola. Microbial activity can result in the production of
enzymes, hormones or organic acids which can have biochemical or physiological effects

on seeds (Smidova 1962, Csicsor et al. 1994). Since microbial activity was not enhanced
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with the application of leonardite, microbial activity in the rhizosphere would probably
be unaffected by leonardite.
Post-plant applications did not affect yield. This is consistent with the results

from the study with pre-plant applications of leonardite.

4.6 Conclusions
The application of leonardite did not affect the emergence of canola when applied
as a post-plant treatment. All forms of leonardite were ineffective in enhancing

emergence even under conditions where emergence was reduced due to surface crusting.
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5. EFFECT OF LEONARDITE ON P FERTILIZER USE EFFICIENCY
5.1 Abstract
A field study was conducted to determine the effect of humic acid on efficiency of
P fertilizer. Argentine canola Brassica napus cv. 45A51, a herbicide tolerant canola

(Roundup Ready™

) was grown on two soil types, a Black Chernozem and a Dark Grey
Luvisol. Phosphorus was applied as ammonium polyphosphate (APP) at four rates, 0,
6.5, 13, and 20 kg ha' P, Phosphorus was applied as a side-band 2.5 cm below and 2.5
cm beside the seed. Humic acid was applied with the P fertilizer. Two formulations of
hunﬁc acid, designated as L-45 and L-52, were used at three rates, 0, 12 and 24 L ha'.
‘Canola biomass énd P concentration in plant tissues were measured at 20 and 35 days
after emergence. Seed yield at maturity was also determined. Humic acid did not affect
canola biomass on the Luvisol soil. Increasing rates of humic acid significantly increased
canola bioméss on the Chernozem. Canola biomass at 20 days after emergence tended to
increase with humic acid application when no P fertilizer was applied. Humic acid
significantly increased the P concentration of canola tissue at 20 and 35 d after
emergence on the Chernozem. A significant formulation difference was evident where
the L-52 increased P concentration compared to L-45 at both the 20 and 35 day sampling
date. A humic acid rate effect was also evident where increasing rate of humic acid
increased P concenfration of canola. Humic acid did not affect P concentration on the
Luvisol. Humic acid did not affect P accumulation at either location. Phosphorus

fertilizer increased early season biomass as well as final seed yield on the Luvisol. Early
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season biomass, P concentration, and P accumulation of canola on the C hernozem was
increased with P fertilizer but final seed yields with and without P fertilizer were not
significantly different. Boron (B) concentrations in plant tissues were significantly
higher with humic acid most likely as a result of the B present in the humic acid. Humic

acid had no significant effect on the final yield of canola on either site.

5.2 Introduction

The crop utilization of P fertilizer is relatively low by crops due to reactions with
the soil. The efficiency of P fertilizer is approximately 20% for prairie crops in the year
of application (Hammond 1997). The low efficiency of P fertilizer is especially evident
on éalcareous, high pH soils, such as those found in Manitoba. Reasons for the poor
efficiency of P fértilizer include the formation of moderately insoluble phosphates with
cations such as Ca and Mg.

Researchers have discovered that addition of leonardite can improve the
efficiency of P fertilizers by plants (Duplessis and MacKenzie 1983). Researchers have
also discovered that application of humic substances from other sources can improve P
fertilizer use efficiency (Yang et al. 1985, Li and Wang 1988). However, leonardite
application has also been shown to reduce the availability of P to plants (Saeed 1978).

This study was conducted to determine whether or not the addition of humic acid,
derived from leonardite, would improve the efficiency of P fertilizer by canola on
alkaline soils. Canola has a high demand for P and is very efficient at using P from soil
and fertilizer through proliferation of roots into fertilizer reaction zones and by

acidification of the rhizosphere to solubilize soil P. Canola has also received little
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attention in P fertilizer use efficiency studies conducted with humic acids. It was
postulated that humic acids applied with P fertilizer may reduce reaction between soil

constituents and the P fertilizer thereby enhancing P fertilizer phytoavailability.

5.3 Materials and Methods
The study was designed as a 4x2x2 (4 phosphorus rates, 2 forms of humic acid
and 2 rates of humic acid) factorial with 4 replicates. Two soils in Manitoba known to be
P deficient were selected, a Black Chernozem near Portage la Prairie and a Dark Grey
Luvisol near Teulon. Soil analysis was conducted by Norwest Labs. Procedures specific
for determination of the various soil chemical characteristics are described in Appendix

Xa. Characteristics of the sites are presented below (Table 5.1).

Table 5.1 Soil characteristics of a Black Chermozem and Dark Grey Luvisol in 1999.
Soil Type
Characteristic Black Chermmozem Dark Grey Luvisol

pH 74 6.8

texture silt loam sandy loam
O.M. (%) 45 26
EC. (dSm?) 1.2 14
soil test NO; (kg ha) 140 10

soil test P (kg ha™) 20 8

soil test K (kg ha™) - 260 90
soil test SO,* ( kg ha™) 83 38

Argentine canola Brassica napus (cv. 45A51) was planted on June 1, 1999 on the
Chernozem soil and June 7, 1999 on the Luvisol site using a double-disc press drill with
on-row packers. |

Phosphorus fertilizer was applied at four rates in order to produce a P response

curve. Rates of P fertilizer were 0, 6.5, 13, and 20 kg ha™! P. Form of P fertilizer was
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ammonium polyphosphate (10-34-0). The P fertilizer was placed as a side-band 2.5 cm
beside and 2.5 cm below the seed at time of seeding.

Two formulations of humic acids, designated as either L-45 or L-52, were used in
the study. Characterization of the humic acids are provided in the Appendix (I). Each of
the humic acids was applied at three rates, 0, 12 Lhat and 24 L ha'l, with each rate of P
fertilizer. Treatments were composed of solutions that contained humic acid, P fertilizer,
and water which were prepared to ensure that the same volume was used for each
treatment.

A basal application of nutrients was applied as fertilizer on the Dark Grey Luvisol
at the following rates: 90 kg ha™ of N, 93 kg ha™ of K, and 60 kg ha of S. Nitrogen was
applied as urea, K as KCl, and sulphur as ammonium sulphate. All fertilizer was applied
as a post-plant bréadcast application. Nitrogen, K, and S were not applied to the
Chernozem soil as soil analysis indicated sufficient levels of N, K, and S for crop growth.

Concentrations of P in plant tissue were determined 20 and 35 days after
emergence. Small areas of each plot (0.1 m?) were harvested for biomass, dried, weighed
and then analyzed for P. The concentration of N, K, S, Ca, Mg, Na, Fe, Cu, Zn, Mn, and
B in plant samples from the Luvisol site collected 20 and 35 days after emergence was
also determined. Only the P and B concentrations of samples from the Chernozem site
were determined as these were the only nutrients that varied, as indicated by tissue
analysis, on the Dark Grey Luvisol. Procedures specific for determination of the various
tissue nutrient analyéis are described in Appendix Xb. Seed yields at maturity were
determined by harvesting 6 meter of crop row (2 rows x 3 meter in length). The plant

.samples were dried, threshed, and grain weight measured. Statistical analyses of the data
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were conducted using ANOVA and contrast procedures using the Statistical Analysis
System (SAS Institute (Canada) Inc., Version 8.0, BCE Place, Suite 2220, 181 Bay
Street, P.O. Box 819, Toronto, ON, M5J 2T3). Treatments were considered significant if

the Pr>F value was less than 0.05.

5.4 Results

Effect of Humic Acid on Canola Biomass

Biomass of canola on the Chernozem 20 and 35 d after emergence was
significantly increased by P fertilization (Table 5.2 and 5.3). Humic acid in either form
or rate had no effect on biomass of canola at 20 d after emergence. There was a
sigﬁiﬁcant humic acid rate effect on canola biomass for 35 d after emergence where
biomass with the -24 L ha'' rate was significantly greater than with the 12 L ha™. A
significant interaction between P and rate of humic acid was also noted. The major factor
in this interaction was the response to P fertilizer. A humic acid form effect was not
evident on the canola biomass at either sampling date. An interesting trend was noted;
the application of humic acid consistently increased the biomass of canola on the
Chernozemic soil at 20 d after emergence without P fertilizer. This trend, however, was
not significant at the 0.05 level of probability.

A highly significant P fertilizer effect was evident for canola biomass for both
sampling dates on the Luvisolic soil (Table 5.3). Biomass with P fertilizer was about 2 to
3 fold greater than without P (Table 5.2). Humic acid form or rate had no effect on

biomass of canola 20 or 35 days after emergence
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Humic acid tended to increase the biomass of canola plants in the early stages of
crop growth without P fertilizer. However, when P fertilizer was applied, the application

of humic acid with the P fertilizer had no effect on the biomass of canola plants.

Table 5.2 Effect of Humic Acid on Canola Biomass at 20 and 35 days after emergence (kg ha™)
on a Chermozem and Dark Grey Luvisol in 1999.
Soil and Sampling Date
Chermozem Luvisol
Treatment 20 days 35 days 20 days 35 days
0 P, No Humic acid 805 2930 210 856
6.5 P, No Humic acid 1310 3868 635 2451
13 P, No Humic acid 5 3208 505 2700
20 P, No Humic acid 1587 3766 627 2540
0P,12Lha" L45 990 2777 336 1163
65P,12Lha’ L45 1293 3673 464 2757
13P,12Lha L45 1296 4104 685 2474
20P,12 L ha" L45 1605 4057 622 2817
0P, 241 ha'L45 870 3531 297 1180
 65P,24Lha’ L45 1052 3361 469 1666
13P,24 Lha" L45 1220 5036 490 2337
20P, 24 Lha'' L45 1285 4073 699 3261
OP,12Lha" L52 @5 2337 312 808
6.5P,12Lha" L-52 1112 3286 468 : 2204
13P,12L ha' L-52 1110 2905 479 199
20P,12 L ha" L-52 1400 4682 617 2848
OP,24L ha' L-52 890 3537 342 1049
6.5P,24Lha'L-52 1325 3012 779 2426
13P,24 Lha" L-52 1060 4271 696 2856
20P,24Lha'L52 1257 3612 653 3084
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Table 5.3 Statistical analysis of canola biomass at 20 and 35 day after emergence for a
Chernozem and Dark Grey Luvisol in 1999.
Soil
Chernozem Luvisol
20d 35d 20d 35d
Source df| MS |F-Value| MS |F-Value| MS | F-Value MS F-Value
Rep 3| 87.18 | 8.15* |26125| 4.82* | 2.93 0.85 91.81 24
Prate 3| 119.63 | 11.19" |355.39 | 6.56* |[40.42| 11.74* | 1384.00 36.17*
Lrate 21 6.48 0.61 108.49 2.01* | 3.11 0.90 213 0.06
Lform 11 4.08 0.38 180.61 3.33 0.23 0.07 8.69 0.23
Prate*Lform 3| 215 0.20 100.24 1.85 217 0.63 5.11 0.13
Prate*Lrate 6| 10.54 0.99 12126 | 2.24* | 3.46 1.00 51.32 1.34
Lform*Lrate 2 695 0.65 34.41 0.64 6.73 1.95 58.93 1.54
Prate*Lform*Lrate |6 | 2.09 0.18 83.77 1.62 2.32 0.65 22.33 0.56
Error 75| 10.69 54.19 3.42 38.26
*= significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom
MS = Means Squares
P = Phosphorous
L = Leonardite
Table 5.4 Contrast analysis of canola biomass at 20 and 35 day after emergence on a
Chernozem and Dark Grey Luvisol in 1999.
Soil Type and Sampling Date
Chernozem Luvisol
Contrast 20d 35d 20d 35d
Phosphorus Rate
0vs 15 * * *x o
0vs 30 * x *x -
0 vs 45 oy o o o
15 vs 30 ns ns ns ns
15vs 45 * ns ns *
30 vs 45 * ns ns ns
Leonardite rate
Control vs Low ns ns ns ns
Control vs High ns * ns ns
Low vs High - ns * ns ns
ns = Non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability
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Effect of Humic Acid on Canola Tissue P Concentrations

On the Chernozemic soil, a humic acid formulation effect was evident for P
concentration of canola at 20 d after emergence (Table 5.5 and 5.6). The L-52
formulation significantly increased P concentration in canola versus the L-45 formulation
at this site. The positive effect of the humic acids on P concentration in canola tissue was
also observed at 35 d after emergence. In addition, a humic acid rate effect was also
observed. The 12 L ha™ rate of humic acid significantly increased P concentration of
canola versus the control treatments. The P concentration in canola with 24 L ha™ was
significantly greater than with 12 L ha™". Highly significant P rate effects were observed
at both sampling dates on the Chernozem soil. A P interaction with humic acid rate was
'also evident; the interaction between P fertilizer and rate of humic acid was not evident at
the 35 day sampling date.

On the Luvisolic soil, phosphorus fertilization significantly increased P
concentration in canola tissues at both sampling dates (Table 5.5 and 5.6). However,
humic acid did not have an effect on P concentration of canola tissues as was evident on
the Chernozemic soil and no form or rate effect was evident.

Phosphorus acéumulation in plants grown on the Chernozem and Luvisolic soil
was also determined (Table 5.8 and 5.9). Humic acid had no effect on P accumulation.
No rate or formulation effects were evident on either soil or sampling date. However, as
expected, P fertilization signiﬁcantly increased P accumulation on both soils and

sampling dates.
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Table 5.5 Effect of humic acid on P concentration of canola (%) on a Chernozem and
Dark Grey Luvisol in 1999,

Soil and Sampling Date
Chernozem Luvisol
Treatment 20 days 35 days 20 days. 35 days

0 P, No Humic acid 0.30 0.35 0.31 0.17
6.5 P, No Humic acid 0.39 0.30 0.60 0.31
13 P, No Humic acid 0.45 0.40 0.65 0.34
20 P, No Humic acid 0.41 0.46 0.63 0.37
0P,12L ha"' L-45 0.32 0.32 0.36 0.18
6.5P,12 L ha' L-45 0.41 0.29 0.61 0.29
13P,12L ha'L-45 0.45 0.38 0.59 0.35
20P,12L ha"' L-45 043 0.40 0.70 0.37
0P,24L ha™ L-45 0.32 0.31 0.35 0.18
6.5P,24 L ha' L-45 0.44 0.37 0.55 0.29
13P,24 L ha' L-45 047 0.38 0.63 0.33
20P,24L ha'L-45 0.46 0.45 0.63 0.37
OP,12L ha™ L-52 0.33 0.35 0.34 0.18
6.5P,12 L ha' L-52 0.48 0.38 0.58 0.28
13P,12L ha™' L-52 0.49 0.45 0.62 0.35
20P,12 L ha™'L-52 0.45 0.39 0.62 0.36
O0P,24L ha'L-52 -0.39 0.33 0.32 0.17
6.5P,24 L ha”' L-52 047 0.39 0.62 0.30
13P,24 L ha™ L-52 0.48 0.42 0.67 0.34
20P,24 L ha'L-52 0.52 0.46 0.63 0.36

67



Table 5.6 Statistical analysis of canola P concentration at 20 and 35 da
a Chernozem and Dark Grey Luvisol in 1999.

y after emergence on

Soil Type
Chernozem Luvisol
20d 35d 20d 35d
Source df| MS | F-Value | MS | F-Value | MS F-Value MS | F-vValue
Rep 310.020 | 10.02** | 0.069 | 28.62** | 0.011 2.20 0.022 7.56*
Prate 3 10.060 | 26.26* | 0.092 | 38.53* | 0.516 103.48** | 0.175 | 60.61**
Lrate 2 10.010 5.11 0.018 1 7.72* | 0.001 0.02 0.001 0.09
Lform 110.002 1.14* 10.024 | 10.27* | 0.001 0.09 0.001 0.04
Prate*Lform 31 0.001 0.77 0.001 0.18 0.004 0.72 0.001 0.06
Prate*Lrate 6 10.007| 299* |0.001 0.76 0.004 0.76 0.001 0.19
Lform*Lrate 2 10.004 1.63 0.005 2.04 0.005 0.94 0.001 0.09
Prate*Lform*Lrate 6 | 0.001 0.56 0.001 0.53 0.002 0.47 0.001 0.10
Error 75| 0.002 0.002 0.005 0.003

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares
P = Phosphorous -

L = Leonardite

Table 5.7 Contrast analysis of canola P concentration at 20 and 35 day after emergence
for a Chernozem and Dark Grey Luvisol in 1999.
Contrast Chernozem Luvisol
Phosphorus rate 20d 35d 20d 35d
0vs 15 ns 3k *k %k
0vs 30 %% %% ¥k *k
0vs 45 * % *% Hk ®%
15 vs 30 e * *
15 vs 45 ok ns ok
30 vs 45 * ns ns ns
Leonardite rate
Control vs Low ns * ns ns
Control vs High ns ** ns ns
Low vs High ns * ns ns
L formulation
L45 vs L52 ns * ns ns
ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability
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Table 5.8 Effect of humic acids on P accumulation in canola tissue (kg ha™) at 20 and 35
day after emergence on a Chernozem and Dark Grey Luvisol in 1999.

Soil Type and Sampling Date
Chernozem Luvisol
Treatment 20 days 35 days 20 days 35 days

0 P, No Humic acid 2.4 10.3 0.7 1.5
6.5 P, No Humic acid 5.1 11.6 3.8 7.6
13 P, No Humic acid 4.3 12.8 3.3 9.2
20 P, No Humic acid 6.5 17.3 4.0 9.4
0P,12L ha" L-45 3.2 8.9 1.2 2.1
6.5P,12L ha" L-45 5.3 10.7 2.8 " 8.0
13P,12L ha" L-45 5.8 15.6 4.0 8.7
20 P, 12 L ha™ L-45 6.9 16.2 4.4 10.4
0P,24L ha' L-45 2.8 10.9 1.0 2.1
6.5P,24 L ha' L-45 4.6 12.4 2.6 4.8
13P,24 L ha" L-45 57 19.1 3.1 7.7
20 P, 24 L ha” L-45 59 18.3 4.4 12.1
0P,12L ha™ L-52 3.1 8.2 1.1 1.5
6.5P,12 L ha™ L-52 5.3 125 2.7 6.2
13P,12L ha” L-52 5.4 13.1 3.0 7.0
20P,12 L ha” L-52 6.3 18.3 3.8 10.3
0P,24L ha'L-52 3.5 11.7 1.1 1.8
6.5P, 24 L ha' L-52 6.2 11.7 438 7.3
13P,24 L ha" L-52 5.1 17.9 4.7 9.7
20 P,24 L ha" L-52 6.5 16.6 4.1 11.1
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Table 5.9 Statistical analysis of canola P accumulation at 20 and
a Chernozem and Dark Grey Luvisol in 1999.

35 day after emergence on

Soil Type
Chernozem Luvisol
20d 35d 20d 35d
Source df| MS | F-value MS F-Value | MS | F-Value MS F-Value
Rep 312581 12,92 |109.49 | 12.11* | 2.9 1.53 21.89 2.96*
Prate 314722 | 23.64* | 234.37 | 25.92** 42.09 | 22.17* | 298.53 | 40.41**
Lrate 21055 0.28 0.77 0.09 0.26 0.14 0.55 0.07
Lform 11277 1.39 26.12 2.89 1.06 0.56 0.37 0.05
Prate*Lform 3] 0.61 0.3 4.04 0.45 0.93 0.49 0.62 0.08
Prate*Lrate 6| 0.92 0.46 13.08 1.45 0.99 0.52 4.63 0.63
Lform*Lrate 21 1.71 0.85 1.24 0.14 3.29 1.73 7.99 1.08
Prate*Lform*Lrate |6 | 0.32 0.15 3.46 0.36 0.97 0.49 3.63 0.47
Error 75] 1.99 9.04 1.9 7.39

L = Leonardite

P = Phosphorous.

* = significant at 0.05 level

** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares

Table 5.10 Contrast analysis of canola P accum
a Chernozem and Dark Grey Luvisol in 1999.

ulation at 20 and 35 day after emergence on

Contrast Chernozem Luvisol
Phosphorus rate 20 d 35d 20d 35d
Ovs 15 > ns ** *
0 vs 30 d¥k *% *%k *k
0vs 45 *x o *x o
15 vs 30 ns * ns ns
15 vs 45 * ** ns **
30 vs 45 * * ns *

ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability

Effect of Humic Acid on Nutrient Concentrations

The plant samples from the Luvisolic soil were also analyzed for N, K, S, Ca, Mg,

Fe, Cu, Zn, Mn, and B concentrations (Appendix IIT). The plant samples from the

~Chernozemic site were analyzed only for B since data obtained for the Luvisolic site
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indicated that leonardite affected only B concentrations in plants. However, with the

exception of B (Table 5.11 and 5.12), humic acid application had no effect on the

concentration and accumulation of nutrients or other elements in canola tissue.

Table 5.11 Effect of humic acid on B concentration (mg kg™ of canola at 20 and 35 day after

emergence on a Chernozem and Dark Grey Luvisol in 1999.

Soil Type and Sampling Date
Chernozem Luvisol
Treatment 20 days 35 days 20 days 35 days

0 P, No Humic acid 33.8 34.3 12.7 20.4
6.5 P, No Humic acid 32.1 35.4 16.0 20.3
13 P, No Humic acid 33.1 35.7 13.6 22.6
20 P, No Humic acid 30.2 38.3 13.8 21.8
0P,12L ha L-45 34.0 34.2 14.6 20.4
6.5P,12 L ha" L-45 325 32.2 15.8 20.0
13P,12L ha" L-45 32.9 33.7 14.0 20.3
20 P, 121 ha" L-45 32.1 36.4 15.2 20.3
0P,24L ha L-45 31.8 33.3 145 20.1
6.5P,24 L ha™' L-45 34.6 34.5 14.9 20.1
13P,24 L ha" L-45 34.7 35.3 155 21.2
20 P, 24 L ha" L-45 36.0 37.3 14.2 22.1
0P, 12L ha L-52 36.3 34.7 18.0 19.6
6.5P,12L ha™ L-52 34.5 35.9 16.0 20.7
13P,12L ha' L-52 34.7 36.5 15.3 22.4
20P, 12 L ha" L-52 35.6 37.4 14.4 23.7
0P,24L ha" L-52 35.5 33.2 16.0 19.3
6.5P,24 L ha' L-52 35.6 35.0 15.7 19.6
13P,24 L ha' L-52 33.7 38.7 14.2 213
20 P,24 L ha" L-52 34.9 35.8 16.1 26.4
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Table 5.12 Statistical analysis of canola B concentration at 20 and 35 dav af
on a Chernozem and Dark Grey Luvisol in 1999.

ter emergence

Soil Type
Chernozem Luvisol
20d 35d 20d 35d

Source df| MS | F-Value | MS | F-Value | MS F-Value | MS | F-Value
Rep 3| 2.04 0.85 4218 | 6.81* [70.15| 13.03** | 50.25 6.86*
Prate 3] 4.33 1.8 46.06 | 7.43* 11.65 2.16 38.41 5.25*
Lrate 2| 463 | 19.19* | 1.81 0.29 18.52 | 3.44* 1.22 0.17
Lform 11244 | 1012* | 2265 3.65 7.19 1.34 11.54 1.58
Prate*.form 3| 324 1.34 8.59 1.39 3.38 0.63 10.65 1.45
Prate*Lrate 61229 5.00* 7.05 1.14 5.15 0.96 6.48 0.88
Lform*Lrate 211231 5.10% 5.14 0.83 2.47 0.46 3.6 0.49
Prate*Lform*Lrate 6| 4.06 1.79 2.54 0.39 3.56 0.64 3.54 0.46

Error 75] 2.41 6.2 5.38 7.32

* = significant at 0.05 level

** = significant at 0.0001 leve
df = degrees of freedom

MS = Means Squares

P = Phosphorous

L = Leonardite

Table 5.13 Contrast analysis of canola B concentratio

n at 20 and 35 day after emergence on
a Chernozem and Dark Grey Luvisol in 1999.
Contrast Chernozem Luvisol
Phosphorus rate 20d 35d 20d 35d
Ovs 15 ns ns ns ns
Ovs 30 ns ns ns *
0vs 45 ns bl ns *
15 vs 30 ns ns ns ns
15vs 45 ns * ns *
30 vs 45 ns * ns ns
Leonardite rate
Control vs Low bl ns * ns
Control vs High > ns * ns
Low vs High ns ns ns ns
L formulation
L45 vs L52 * ns ns ns
ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability
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On the Chernozemic soil, B concentration in canola tissue at the 20 d sampling
date was significantly greater with humic acid than without (Table 5.11 and 5. 12). A
form effect of humic acid was evident in which the B concentration in canola tissue with
the L-52 humic acid was significantly greater than with the L-45 humic acid. A humic
acid rate effect was also observed. The 12 and 24 L, ha™ rates of humic acid both
significantly increased B concentration of canola at the 20 day sampling date. However,
the effects of the two rates on B concentration in canola were similar. Humic acid had no
effect on the B concentration at 35 d after emergence on the Chernozemic soil. However,
B concentration was increased by P fertilization.

On the Luvisolic soil, concentration of B in canola was affected by humic acid at
the 20 day sampling date (Table 5.11 and 5 .12). The 12 and 24 L ha rates of humic acid
increased the B céncentration of canola tissue. However, there was no difference
between the rates of humic acid applied. By the 35 day sampling date, the humic acid
effect was no longer evident. However, P fertilization increased B concentration of
cénola at the 35 day sampling date on the Luvisolic soil.

Boron accumulation was affected by P fertilization on the Chernozem at both
sampling dates (Table 5.14 and 5.15). A P fertilizer with humic acid rate interaction was
evident at the 35 day sampling date on the Chernozem soil. However, P fertilizer was the
main contributing factor. No other humic acid effect on B accumulation were evident on
the Chernozem soil. Phosphorus fertilizer had a significant effect on B accumulation at
both sampling dates on the Luvisolic soil, due to a combination of increased B
concentration at the early sampling date and increased plant biomass. A humic acid rate

effect was evident at the 20 day sampling date where the 24 1, ha™' of humic acid
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significantly increased the B accumulation of canola as compared to the 12 L ha™' rate.

On the 35 day sampling date, an interaction between P fertilizer and humic acid rate was

observed.
Table 5.14 Effect of humic acid on B accumulation in canola (g ha'1) at 20 and 35 day
after emergence on a Chernozem and Dark Grey Luvisol in 1999,
Soil Type and Sampling date
Chernozem Luvisol
Treatment 20 days 35 days 20 days 35 days.

0 P, No Humic acid 27 100 3 17

6.5 P, No Humic acid 42 137 10 50

13 P, No Humic acid 31 115 7 61

20 P, No Humic acid 48 144 9 55
0P,12L ha” L-45 34 95 5 24
6.5P,12 L ha™ L-45 42 118 7 55
13P,12L ha' L-45 43 138 10 50
20P,12L ha™ L-45 59 148 9 57
0P,24 L ha'L-45 28 118 4 24
6.5P,24 L ha™ L-45 36 116 7 33
13P,24 L ha' L-45 42 178 8 50
20P,24 L ha™ L-45 46 152 10 72
0P,12L ha” L-52 34 81 6 16
6.5P,12L ha™ L-52 38 118 7 46
13P,12L ha™ L-52 39 106 7 45
20P,12 L ha" L-52 50 175 9 67
0P,24 L ha'L-52 32 117 5 20
6.5P,24 L ha™ L-52 47 105 12 48
13P,24L ha'L-52 36 165 10 61
20P, 24 L ha L-52 44 129 11 81

74



Table 5.15 Statistical analysis of canola B accumulation at 20 and 35 day after emergence on a
Chernozem and Dark Grey Luvisol in 1999.

Soil Type
Chernozem Luvisol
20d 35d 20d 35d
Source df| MS F-Value MS F-Value | MS | F-Value MS F-Value
Rep 3| 94724 7.95™ | 485703 | 5.70* {1271 1.64 18123 0.96
Prate 3| 113106 | 9.49** | 850630 | 9.98** [9850]| 12.72* 710606 | 37.69*
Lrate 21 12627 1.06 116597 137 [2544| 3.28* 4639 0.4
Lform 1 64 0.01 71166 0.84 836 1.08 7531 0.25
Prate*Lform 3] 3883 0.33 27408 0.32 400 0.52 7192 0.38
Prate*Lrate 6 5699 0.48 295801 3.47* 308 0.4 43499 2.31*
Lform*Lrate 21 2110 0.18 22375 0.26 15951 2.06 15372 0.82
Prate*Lform*Lrate | 6| 3794 0.3 53595 0.61 358 0.44 9179 0.47
Error 75| 11914 85210 775 18852

MS = Means Squares
P= Phosphorous.
L = Leonardite

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

Table 5.16 Contrast analysis of canola B accumulation at 20 and 35 day after emergence on a
Chernozem and Dark Grey Luviso! in 1999.
Contrast Chernozem Luvisol
_ Phosphorus rate 20d 35d 20d 35d
Ovs 15 * * *x .
0 vs 30 ns * hl **
0 vs 45 *x . . o
15 vs 30 ns ns * ns
15vs 45 ns * ** **
30 vs 45 * ns * *
Leonardite rate
Control vs Low ns ns ns ns
Control vs High ns ns * ns
Low vs High ns ns ns ns
L formulation
L45 vs L52 ns ns ns ns
ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability
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Effect of Humic Acid on Canola Seed Yields

Phosphorus fertilizer significantly increased canola yields on the Luvisolic soil
(Table 5.17 and 5.18). However, humic acid had no effect on canola seed yield.

On the Chernozemic soil, neither P fertilizer nor the application of humic acid had
a significant effect on the yield of canola (Table 5.17 and 5.18). This was interesting
since canola tissue P concentrations were significantly increased by both P fertilizer and

humic acid 20 and 35 d after emergence.

Table 5.17 Effect of humic acid on canola seed yields (kg ha™) on a Chernozem and
Dark Grey Luvisol in 1999
Soil Type
Treatment Chernozem Luvisol

0 P, No Humic acid 1771 677
6.5 P, No Humic acid 2006 1502
13 P, No Humic acid 1839 1935
20 P, No Humic acid 1886 2146
0P,12L ha” L-45 1788 705
6.5P,12L ha™ L-45 1652 1504
13P,12 L ha' L-45 1750 1619
20P,12L ha™ L-45 1823 2055
0P,24L ha'L-45 1588 932
6.5P,24 L ha™ L-45 1598 1609
13P,24 L ha™' L-45 1863 1813
20P,24 L ha™ L-45 1881 2165
0P,12L ha' L-52 1677 717
6.5P,12L ha™ L-52 1895 : 1481
13P,12 L ha' L-52 1724 1769
20P, 12 L ha' L-52 1891 2205
0P,24L ha" L-52 1806 665
6.5P,24 L ha™ L-52 1703 1422
13 P, 24 L ha' L-52 1914 1832
20P,24 L ha' L-52 1858 1806
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Table 5.18 Statistical analysis of canola yield on a Chernozem and Dark Grey
Luvisol in 1999.

Soil Type
Chernozem Luvisol
Source df MS F-Value MS F-Value
Rep 3.1 6463 8.98** 4042 4.70*
Prate 3 878 1.22 98471 114.39%*
Lrate 2 | 1208 0.73 136 0.16
Lform 1 527 1.68 880 1.02
Prate*Lform 3 506 0.23 464 0.54
Prate*Lrate 6 | 4872 1.13 964 1.12
Lform*Lrate 2 175 0.24 1622 1.88
Prate*Lform*Lrate 6 295 0.39 250 0.27
Error 751 720 861

* = significant at 0.05

* *= significant at 0.0001
df = degrees of freedom
MS = Means Squares

P = Phosphorous

L = Leonardite

Table 5.19 Contrast analysis of canola yields on a Chernozem and Dark Grey Luvisol in
1999.

Contrast Chernozem l Luvisol
Phosphorus rate
Ovs 15 ns >
0 vs 30 ns b
0Ovs 45 ns r*
15 vs 30 ns *
15 vs 45 ns **
30vs 45 ns *
Leonardite rate
Control vs Low ’ ns ns
Control vs High ns ns
Low vs High ns ns
L formulation
45 vs L52 ns ns

ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.001 level of probability
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5.5 Discussion

The addition of humic substances has been shown to have positive effects on
biomass and growth of plants (Moris 1995). Duplessis and NIacKenzie (1983)
discovered that application of leonardite significantly increased the dry matter of corn.
Coal combustion by-products enhanced the dry matter of wheat by 30% and 33%, on a
fresh and dry weight basis, respectively (Malik and Azam 1985). Humic acid, derived
from leonardite, significantly elevated the dry matter of tomato plants by 8% and 9%, on
a fresh and dry weight basis, respectively (Adani et al. 1998).

The results of this study show that application of humic acid, derived from
leonardite, had inconsistent effects on early growth and biomass of canola. On the
Chernozemic soil, the application of humic acid did not increase the biomass of canola 20
d after emergencé. However, humic acid had a significant effect on canola biomass 35 d
after emergence. It was interesting to note than when no P fertilizer was applied, the
biomass 20 d after emergence was increased by humic acid.

The addition of humic acid increased the biomass of canola at one of four
combinations of site and sampling time. The improved growth with the application of
humic acids may have been due to hormonal effects. O’Donnell (1973) discovered that
leonardite may possess compounds that act in a similar fashion to auxin. Auxinisa
hormone that can improve plant growth. Preliminary studies by Akinremi (1999) showed
increased root length associated with application of humic acids, suggesting that
leonardite contains growth enhancing compounds. The humic acids used in this study

may have contained hormones that enhanced root length and root biomass. The
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improved rooting density would allow for improved soil exploration and nutrient
absorption creating an increase in growth and biomass.

Characterization of the humic acids showed that the humic acids contained
nutrients that are essential for the growth of canola. In particular, the B concentration
within the humic acids was relatively high. Therefore, the improved plant growth with
the addition of humic acids may be due to nutritional response, particularly with B for
canola. However, the greatest response in growth to humic acid application occurred
when P fertilizer had not been applied, suggesting that the humic acids may have
increased the plants’ ability to obtain P from the soil. Once the P fertilizer was applied,
this would counter any P response from the humic acid treatments.

Humic acids have increased the P concentrations in the tissue of various crop
species. Duplessi's and MacKenzie (1983) observed that the concentration of P in the
tissue of corn was enhanced with application of leonardite. Humic acids have
significantly increased the plant total P and P uptake in wheat (Yang et al. 1985). Li and
Wang (1988) observed an increase in the P use efficiency of monoammonium phosphate
with the addition of humic substances.

The increase in concentration of P in canola may also be due to competition for
anion sorption sites in the soil. Vaughan and MacDonald (1971) found that application
of humic acids with P significantly increased tissue concentrations of P. They suggested
the increase in concentration of P in the plants was due to competition between P and
humic acid for sorption sites. Humic acids contain a relatively large number of

functional groups that are dissociated and negatively charged in alkaline soils. The
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negatively charged functional groups from the humic acid can then compete with the P
anion for adsorption sites and reduce P fixation reaction by the soil.

Another factor which may be responsible for the increased availability of P
fertilizer with humic acids is chelation of cations by the humic acids reducing reactions
between Ca and P. Cations such as Ca, Mg, Al, and Fe form sparingly soluble
compounds with the phosphate anion rendering the phosphate relatively unavailable to
the plant. Humic acids have been shown to complex cations that reduce their capability
of reacting with water-soluble phosphate to form insoluble phosphate precipitates
(Moreno et al. 1960).

Humic acids reduce the formation of dicalcium phosphate dihydrate (DCPD) by
binding to the surface of DCPD crystals (Grossl and Inskeep 1991). The humic acid
“blocked” surfaces that would otherwise have been active for new crystal growth.
Reduction in fixation of P may be responsible for the increased concentration of P in
canola grown on the Chernozemic soil.

The humic acid, as previously mentioned, contains humic acids that may act as
hormones (O’Donnell 1972). The humic acids may stimulate root growth, mass, and
density that would improve root exploration and consequently absorption of P by the
plants. Other suggestions for improved phosphate availability with the application of
humic acids include the formation of an unfavorable electrostatic field around an
absorbed humic acid molecule or that humic acid may have a proton buffer-power effect
on the phosphate ion. The humic acids could donate protons to the water-soluble

orthophosphates that would produce a neutral phosphate molecule. The neutral molecule
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would participate in fewer soil adsorption and precipitation reactions that may increase
the concentration of soil solution P and increase P phytoavailability.

Humic acids have been shown to have effects on the chelation and availability of
other metals such as Cu, Zn, and Fe (Moris 1985). In this study, the application of humic
acid increased the tissue concentration of B. However, the concentration of B in the
humic acid was also high, suggesting that the effect of humic acid on tissue concentration
of B was simply due to the application of B as a constituent of the humic acid.

Humic acid has been documented to have an effect on final seed yields of various
crop species (Duplessis and MacKenzie 1983, Iswaran et al. 1979). However, the results
of this study showed that the application of humic acid did not affect the final seed yield
of cénola. This was interesting since growth early in season tended to be improved by
humic acid. Phoéphorus concentration at 20 d and 35 d after emergence was also
significantly increased with the application of humic acid on the Chernozemic soil.

Canola is a crop that is very aggressive at acquiring phosphorus. For example,
canola has a tendency to proliferate root growth towards fertilizer bands and is capable of
acidifing the rhizosphere to solubilize soil P. It would have been interesting to continue
this research using a crop that is less efficient in acquiring phosphorus since the results of
this study may have been much different. Although leonardite did not have a beneficial
effect on canola, a less aggressive crop such as wheat may have seen positive results.

In this study reported herein, canola was used as a test crop. Canola generally
utilizes a very high percentage of fertilizer P compared to other crops such as wheat
(Strong and Soper 1973). Effects of humic acids on fertilizer P utilization by a crop such

as wheat may thus be different than that found for canola.
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5.6 Conclusions

The results of this study showed that the application of humic acid applied with
ammonium polyphosphate as a side-band application may enhance the early season
growth of canola. Humic acids significantly increased the P concentrations in canola on
the Chernozemic soil 20 and 35 d after emergence. However, this was not evident on the
Luvisolic soil suggesting that soil properties may be important. The humic acids used in
this study significantly increased the B concentration of the canola tissue most likely due
to the relatively high concentration of B within the humic acids.

Humic acids, although showing a tendency to improve early season growth and P
tissue concentrations, had no effect on the final seed yields of canola. Therefore, the
application of humic acids with ammonium polyphosphate did not have an overall
beneficial effect. Further research is warranted on the effects of humic acid on

phosphorus nutrition of plants particularly during early growth stages.
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6.EFFECT OF CU-FULVIC ACID ON CU CONTENT AND YIELD OF WHEAT
6.1 Abstract
A field study was performed to compare the effectiveness of foliar application of
three Cu-fulvic acids to two commonly used Cu fertilizers. Wheat Triticum aestivum cv.
AC Barrie grown on a loamy sand soil, was treated with foliar applications of CuCl,, Cu-
EDTA, or three Cu complexes with fulvic acid (F.A.-1,F.A.-2, F.A.-3). Four rates of
each Cu fertilizer were applied, 0, 0.2, 0.4, or 0.6 kgha™. Foliar application of the 0.2
and 0.6 kg ha' occurred at the 4-leaf stage. The 0.4 kg ha treatment was applied as a
split application of 0.2 kg ha™ at the 4-leaf stage and a subsequent 0.2 kg ha™! ten days
later. The Cu content of the wheat plants was analyzed prior to application and again
three weeks following treatment. Biomass and yield at maturity were also determined.
All foliar applications increased Cu concentration of the plants with Cu concentrations in
the tissues signiﬁcantly decreasing in the order 0.4>0.2=0.6>0 kg Cuha’. Differences in
concentration of Cu in plants, for the various Cu fertilizers were not significantly
different. Biomass at maturity was significantly increased by Cu application, with yield
decreasing in the order 0.4 > 0.6 > 0.2 > 0 kg Cuha. CuCl, was more effective in
increasing biomass than Cu-EDTA and the three Cu-Fulvic Acid complexes. Grain yield
also decreased in the order 0.4 > 0.6 > 0.‘2 >0kg Cuha'. G'rain yield was higher with
CuCl, than with Cli-EDTA or the various fulvic acids. Timing or number of applications

of Cu generally had more effect on measurements than the form of Cu applied.

83



6.2 Introduction

Efficiencies of micronutrient fertilizers by plants are very low due to the
formation of stable surface complexes with organic matter, sesquioxi_des, clay silicates,
and porphyrin (Bibak 1994, Goodman and Chesire 1976). Consequently, low efficiency
of micronutrient fertilizer may lead to micronutrient deficiency even when fertilizers are
applied (Srivastava and Gupta 1996). The applications of humic substances have been
shown to increase the phytoavailability of micronutrient fertilizers (Metwally et ali 1976).
Humic and fulvic acids have the ability to bind with metal ions to produce a water-
soluble complex (e.g. chelate) that is available to the plant. However, the complexing or
chelating effect of the humic or fulvic acid is related to the pH of the soil and the metal
that is being adsorbed.

Copper is an essential micronutrient that has very low fertilizer use efficiencies
when applied to soil. These low efficiencies are due to the strong surface complexation
with organic matter, as well as sesquioxides. Humic and fulvic acids also have a strong
affinity for Cu (Bunzl et al. 1976, Senesi et al. 1986), however, these complexes remain
water-soluble. The binding of Cu to organic acids is in a simple exchangeable form or as
complexes with dissociated acidic groups (Davies et al. 1969). The complexation of Cu is
primarily through the oxygenated and nitrogenated ligands of the humic or fulvic acid.
The addition of humic acid has been shown to increase the Cu concentration, Cu uptake,
and dry weight of barley (El Gala et al. 1978) while soil application of humic acid
generated an increase in available Cu by 50% (Davies et al. 1969).

This study was conducted in order to determine whether or not fulvic acid

(derived from leonardite) can act as a carrier for Cu and thus improve the availability of
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Cu relative to traditional Cu fertilizers. The fertilizer was applied as a foliar application
since previous work in this area is limited and foliar application is becoming the popular

and most effective method of Cu fertilization.

6.3 Materials and Methods

A field study was conducted to determine whether or not foliar application of
fulvic acid prepared with Cu salts would improve the absorption and availability of Cu
for wheat relative to traditional sources of Cu. The crop used was Canadian Western Red
Spring Wheat Triticum aestivum cv. AC Barrie and the experiment was designed as a 5x4
(5 Cu treatments and 4 Cu rates) factorial with 5 replicates. Soil analysis was conducted
by Norwest labs. Procedures specific for determination of the various soil chemical
characteristics are described in Appendix Xa. A summary of the soil characteristics for

the Black Chernozem soil is presented below (Table 6.1).

Table 6.1 Characteristics of a loamy sand used for a foliar Cu study in wheat in 1999,
Characteristic

pH 7.5

texture loamy sand
O.M. (%) 22
E.C. (dS m?) 0.3
soil test NO; (kg ha™) 54
soil test P,0, (kg ha™) 16
soil test K,0 (kg ha™) 80
soil test SO,” ( kg ha™) 19

Cu Treatments
Five sources of Cu were evaiuated. CuCl; and Cu-EDTA (ethylene diamine

tetraacetic acid) as well as 3 fulvic acid formulations. The fulvic acid L-16 was
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formulated with Cu salts to produce the fulvic acid treatments. A description of L-16 is
presented in Appendix (I).

All Cu sources were applied in four combinations of rates and methods. The four
rates were 0, 0.2, 0.4, and 0.6 kg ha™. The 0.2 and 0.6 kg ha™ rates were applied as a
single application at the 4-leaf stage of the wheat crop. The 0.4 kg ha™ treatment was
applied as a split application, 0.2 kg ha at the 4-leaf stage and a subsequent 0.2 kg ha™
application ten days following the first application. Therefore, the 0.4 kg ha™' rate can be
regarded as a 2 x 0.2 kg ha™' treatment. All treatments were applied as foliar applications
diluted with water to apply in 110 L ha™ of solution.

Nitrogen (80 kg ha™") was applied as a broadcast post plant treatment. Phosphorus
was applied with the seed at 9 kg ha P at time of seeding. Soil analysis showed that K

“and S levels in the soil were adequate for a wheat crop.

The plot was initially seeded on May 19; however, excessive moisture resulted in
variable emergence, requiring reseeding of the plots. The plots were reseeded to the
same variety of wheat Triticum aestivum (cv. AC Barrie) on June 11 at a rate of 84 kg ha
! Plots were 1.6m wide x 5m in length.

Plant Harvest

Tissue samples of plants were taken immediately prior to application of the foliar
Cu. Total area sampled for tissue analysis was 0.1 m” for selected treatments. Plant
samples were also taken three weeks following treatment. Air—dried samples were
washed with a mild detergent, followed by a dilute acid, and finally washed with
deionized water, as recommended in Walsh and Beaton (1973). The plants samples were

dried, weighed, and finely ground using a stainless steel blade. The Cu concentration in
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the plants was determined using graphite furnace atomic absorption following digestion
of samples with a nitric-perchloric acid mixture. The tissue samples were also analyzed
for Fe, Zn, and Mn by flame atomic absorption. At maturity, the total above-ground
portion of 6 meter of row (4 rows x 1.5 meter in length for the 0.2 and 0.4 kg ha
treatments, 2 rows x 3 meter in length for the 0.6 kg ha™ treatments) was harvested, dried,
threshed, and straw and grain weight obtained.

Statistical analyses of the data were conducted using ANOVA and contrast
procedures using the Statistical Analysis System (SAS Institute (Canada) Inc., Version

8.0, BCE Place, Suite 2220, 181 Bay Street, P.O. Box 819, Toronto, ON, M57J 2T3).

Treatments were considered significant if the Pr>F value was less than 0.05.

6.4 Results

Concentration of Cu in plant tissue was increased by several treatments (Table 6.2
and 6.5). A significant treatment effect of Cu was obtained in which the concentration in
tissue decreased in the order (2 x 0.2)>0.6=0.2>0kgha™ (Table 6.5). This suggests
that split applications of Cu were superior to single applications and/or that the Cu
fertilizer applied at the later growth stage was much more effective in increasing Cu
concentration in tissues than the Cu fertilizer applied at the earlier growth stage.

Differences in Cu concentration due to source of Cu were not observed (Table
6.5). It was interesting to note that EDTA was not superior to other forms of Cu; EDTA
is highly recommended for foliar application of micronutrients.

Iron, Zn, and Mn concentrations in wheat tissues were not affected by Cu

application (Appendix IV).
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Table 6.2 Effect of foliar Cu application on Cu content of wheat at the four leaf stage (mg kg™).
Rate and Method of Cu Application (kg ha™')
Cu Source 0.2 kg ha™ (2x0.2) kg ha™ 0.6 kg ha™
CucCl, 2.1 9.5 2.6
EDTA 1.9 4.3 2.1
F.A.-1 2.1 44 3.1
F.A-2 2.1 7.2 3.9
F.A-3 3.0 4.5 2.3
Control 2.0

Wheat biomass at maturity was significantly affected by the application of Cu
(Table 6.3 and 6.5). A significant treatment effect of Cu application was evident, in
which yield decreased in the order (2 x 0.2)>0.6 > 0.2 >0 kg ha™ which was consistent
with concentration of Cu in the tissues at early growth stages. Wheat biomass increased
with Cu applicatipn and the split applications of Cu (2 x 0.2) were significantly better
fhan the single application of Cu (1 x 0.2) at an earlier growth stage.

In comparisons of source of Cu, the CuCl, was significantly superior to all other
treatments for increasing biomass (Table 6.5 and 6.6). This was interesting since the
CuCl, treatment was not superior to other forms in increasing Cu concentration. This
suggests that the CuCl, had an effect on growth of wheat other than the increase in Cu
concentration, which is likely the addition of chloride. The EDTA treatment in this study

behaved similarly to the fulvic acid treatments.
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Table 6.3 Effect of foliar Cu application on total above ground biomass of wheat at
maturity (kg ha™).
Rate and Method of Cu Application (kg ha™)
Cu Source 0.2 kg ha™ (2x0.2) kg ha™ 0.6 kg ha™
CuCi2 2514 4290 3031
EDTA 1717 3209 ‘ 2585
F.AA1 1747 2527 2540
F.A.-2 2064 3325 2187
F.A.-3 1865 2949 1824
Control 1415

Application of Cu significantly increased final grain yields of wheat (Table 6.4
and 6.5). There were also significant rate effects in which the 0.6 > 0.2 > 0 kg ha™. This
was the same trend that was noted for the tissue Cu concentrations at the 4-leaf stage and
wheat biomass at maturity. The highest yield was obtained with split applications of the
Cu‘-fertilizers which was consistent with Cu levels in plant tissues after Cu fertilization.

CuCl, increased yield compared to the F.A.-1 and F.A.-2 treatments. Comparison
between the fulvic acid treatments showed that the F.A.-3 was superior to F.A.-2 in
increasing grain yields. This was interesting since the F.A.-2 treatment had resulted in
greater Cu concentration in tissues at the 4 leaf stage than the F.A.-3 or F.A.-1. Yield

with EDTA was not significantly different than yield with other Cu treatments.

Table 6.4 Effect of foliar Cu application on wheat grain yields (kg ha™).

Rate and Method of Cu Application (kg ha™)

Cu Source 0.2 kg ha™ (2x0.2) kg ha™ 0.6 kg ha™
CuCI2 374 1063 316
EDTA 56 813 326
F.A.1 67 620 253
F.A.-2 159 404 189
F.A.-3 146 808 628

Control 26
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Table 6.5 Statistical analysis of Cu application on Cu concentration at four leaf stage, wheat |
biomass at maturity, and yield on a loamy sand.

Cu Concentration Wheat Biomass Wheat Yields
Source df MS F-value MS F-value MS F-value
Rep 4| 4.76 2.21 23357 8.81** 5575 5.08*
Cu Source 4 | 2.81 1.31 22420 8.45** 2655 242
Rate 3 | 44.86 20.85** 168693 63.61** 27481 25.05*
Rate*Cu Source 121 1.71 0.79 6097 2.30* 1202 1.10
Error 76| 2.15 2652 1097

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares

Table 6.6 Contrast analysis of Cu application on Cu concentration, wheat biomass and yield
on a loamy sand.
Cu Rate Cu Concentration Biomass Yields
Ovs0.2. ns * ns
Ovs (2x0.2) > * >
Ovs 0.6 * > *
0.2vs(2x0.2) * bl **
0.2vs 0.6 ns * *
(2x0.2)vs 0.6 * b **
Cu Source
CuCl2 vs EDTA ns * ns
CuClI2 vs FA1 ns b ns
CuCI2 vs FA2 ' ns * ns
CuCi2 vs FA3 ns b ns
EDTAvs FA1 | ns ns ns
EDTA vs FA2 ns ns ns
EDTA vs FA3 ns ns ns
FA1vs FA2 ns ns ns
FA1vs FA3 ns ns ns
FA2 vs FA3 ns ns ns
ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.0001 level of probability
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6.5 Discussion

The results of this study showed that foliar application of Cu significantly
increased the Cu concentrations of wheat tissue grown on a Cu-deﬁcient sandy soil.
These results are consistent with previous work on foliar application of Cu. (Srivastava
and Gupta 1996). A significant rate effect of Cy was also evident in which the hi gher
application rates of Cu increased Cu concentration in tissues more than the lower rates.
The study also suggested that a split application of Cu may be more effective in
increasing tissue Cu concentration than a single application and/or applying Cu at a date
later than the 4-leaf stage may be more effective than Cu applied at the 4-leaf stage.
These findings are also consistent with previous work (Grundon 1980).

The F.A.-2 and CuCl, treatments tended to be the most effective in increasing the
Cu concentration of wheat whereas EDTA was the least effective. Ferrandon and
Chamel (1988) discovered that the foliar application of metals as EDTA complexes result
in less absorption than metals applied in an inorganic form. A suggested reason for the
lower absorption of Cu supplied as a chelate may be due to the limited number of metal
cations available for retention by the negative sites on the plant cuticle (Ferrandon and
Chamel 1988). The increased size of the complex may also decrease the rate of binding
on the surface and access to inner sites. EDTA has also been shown to be inactivated in
the presence of sunlight (Wallace et al. 1957). Since the EDTA was applied as a foliar
application, inactivation of the EDTA by sunlight is quite possible. The Cu may then be
precipitated as copper hydroxides on the leaf surface and not capable of diffusing through

the plant cuticle.
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Inorganic forms of Cu have been very effective in correcting Cu deficiencies
(Zekri and Koo 1992). The cuticle has been shown to be the most limiting factor in
absorption by the leaf (Kannan 1986). Since the cuticle is considered to be non-living,
the movement of Cu across the cuticle can be described by Fick’s law (Kannan 1986).
Studies show that the movement of Cu across the cuticle is very slow when applied in
distilled water without Cl but when the Cu was applied as CuCl, the rate of absorption is
much greater. A possible explanation has to do with the salt concentration of the solution
and the negative charges in the cuticular membranes at physiological pH values. When
the salt réplaces pure water in the receiver, conditions for self-diffusion may be produced
(Kannan 1986). Thus the CuCl, form may have greater absorption due to the presence of
the ‘CI' anion. This charge balance effect has been shown for NH,* and PO,* in which

“the absorption of NH," increases the absorption of PO, due to the electrostatic charge
balance within the cells of the plant. Perhaps this is the same mechanism for the
increased absorption of Cu in the presence of Cl.

EDTA did not perform as well as the F.A.-2 treatment in increasing Cu
concentration. The molecular weight of the EDTA molecule is 292 g mol™ while the
molecular weight for fulvic acid is between 1,000 to 30,000 g mol™ (Paul and Clark
1996). Since the smaller molecule should be more casily absorbed than the larger
molecule, the low uptake of Cu from EDTA is not likely due to the size of the molecule.

Solubility of the Cu-complex may be a factor affecting absorption of Cu.
Ethylene diamine tétraacetic acid (EDTA) is very soluble and sensitive to washings

(Ferrandon and Chamel 1988) and thus rainfall events may have removed Cu-EDTA
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from tissues to a greater extent than for the other forms resulting in less contact and
consequently less uptake.

Significant scorching of the wheat tissue was noted for the CuCl, treatments.
Scorching of the wheat tissue may play a role in improving the absorption of the Cu®".
Scorching of leaves through foliar application of inorganic fertilizers is common.
Scorching of leaves is enhanced particularly in warm, sunny conditions (Brennan 1990),
which were present at the time of application of treatments in this study. Scorching of
the leaves may in fact reduce Cu runoff through rainfall events since the Cu may be
embedded within the tissue. This may reduce the amount of Cu that is water soluble and
lost in rainfall events, which would increase the Cu concentration from CuCl, relative to
EDTA. Another factor to consider is that the scorching of the leaves may have reduced
photosynthetic cai)ability of the wheat resulting in reduced growth. The reduced growth
would have increased the concentration of Cu by decreasing the biomass.

Since fulvic acid is water-soluble at any pH, the fulvic acid should be as water
soluble as the EDTA. However, the F.A.-2 treatment significantly increased the Cu
concentration versus EDTA. No significant scorching of the leaves was evident with the
fulvic acid treatments.

The critical Cu concentration of wheat tissue at the 4-leaf stage is 3 ppm while
sufficient Cu levels are 4.5 ppm (Srivastava 1996). Therefore, plants with the single
applications of Cu were still Cu deﬁcient.. Only when a split application of Cu was
applied was the tissue level of Cu considered sufficient. This explains the poor growth

with the single Cu applications versus the split application.
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CuCl; significantly increased the final wheat biomass relative to all other
treatments at all rates of Cu. This was interesting since CuCl, did not significantly differ
from the other treatments in Cu concentration at the 0.2 and 0.6 kg h'a‘I rates. This leads
to the possibility of a confounding factor. The application of CuCl, may have resulted in
aresponse to CI'. This was a loamy sand soil, which suggests that leaching and low
levels of CI” are possible. Wheat has also been shown to respond to Cl" application (Grant
et al. 1998). Therefore, improvement of yield with the CuCl, may have been due to
nutritional effects of both Cu and Cl.

Final grain yields in this study were poor, even for the greatest yielding
treatments. Concentrations of Cu in the plant were considered less than sufficient for
most treatments. Copper deficiency in wheat usually results in very low seed yields in
relation to total biomass (Srivastava 1996).

Copper is immobile within the plant under deficient conditions (Tisdale et al.
1993). Although treatments at the (2 x 0.2) kg ha™' rate were sufficient at the tillering
stage, a Cu deficiency may have occurred at the grain filling stage since Cu is immobile
and concentrated in the vegetative tissue. Copper is important for pollen fertility and a
Cu deficiency results in sterile pollen (Grundon 1980). This may be a factor in the low
grain yields of wheat in this study. Wheat yield could have been increased even more
than observed for the (2 x 0.2) kg ha ™ rate if more applications and/or higher rates were
used.

Comparison of the grain yields shows that the fulvic acid-3 was superior to fulvic
acid-2. However, fulvic acid-2 resulted in higher Cu concentrations in tissue. This may

reflect differences in mobility of the Cu complexes. Fulvic acid -3 may be more mobile
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within the plant tissue allowing for mobility of Cu from the lower leaves to the grain.
This in turn would allow for increased Cu for grain filling and consequently higher
yields. Copper concentration in plants with EDTA was signiﬁcantly_ lower than with the
fulvic acid-2 but seed yields were statistically not different. The EDTA may be more
mobile than the fulvic acid -2 treatment and had similar mobility to the fulvic acid-3
treatment. EDTA has been shown to be much more mobile within the plant versus
inorganic sources of Cu (Ferrandon and Chamel 198 8)

Finally, stability of the Cu complex is also important. Copper has been shown to
undergo fixation reactions within the plant that render the Cu immobile (Loneragan
1981). A complexed form of Cu would be more water soluble and mobile within the
plaﬁt. However, if the complex is not stable within the plant, the chelate (EDTA or fulvic

‘acid) may not be bound to the Cu. The Cu is then in the free ion form and can then be
fixed through reactions with amino acids within the plant. This makes the Cu immobile
and if no further sources of Cu are available to the plant, the plant will be Cu deficient at
the time of gfain filling.

The biomass yield of the wheat in this study was high in comparison to grain; i.e.
the harvest index was low. A low harvest index of wheat is a symptom of a Cu defiency.
The deficiency would be a result of applied Cu being immobilized in vegetative tissue
resulting in a Cu deficiency at the time of grain filling. If the supply of soil Cu is low,
there would be insufficient Cu to supply the demand of wheét at grain filling. It would
have been interestirig to have a high soil Cu treatment that may have overcome the

immobilization of Cu in vegetative tissue that is a result of foliar Cu applications.
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6.6 Conclusions

Foliar applications of Cu were effective in improving the wheat tissue Cu
concentrations, biomass, and yield. Concentration of Cu in plant tissue was similar for
the various Cu sources.

Biomass significantly increased with the application of Cu. The CuCl, treatment
was superior to other Cu sources in improving the biomass of wheat. This was due to the
increased Cu concentration in plants but may also have been due to effects of CI' on plant
growth.

Seed yield was also significantly affected by the application of Cu. However, Cu
source did not affect wheat grain yields.

Two applications of foliar Cu, one at the 4-leaf stage followed by a second 10
days later, was more effective in increasing Cu concentration in tissue and yield than a

single application at the 4 leaf stage at a higher rate.
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7. EFFECT OF LEONARDITE ON CU AND ZN PHYTOAVAILABILITY
7.1 Abstract
A growth chamber study was conducted to determine the effect of humic and
fulvic acids on Cu and Zn availability to canola. Argentine canola Brassica napus (cv.
LG 3310) was grown on a loamy sand textured soil. Treatments for the Cu study
included CuCl,, Cu-EDTA, Cu-Humic acid, and Cu-Fulvic acid. Treatments for the Zn
study included ZnCl,, Zn-EDTA, Zn-Humic acid, and Zn-Fulvic acid. Three methods of
application were evaluated, broadcast, band, and foliar. Concentrations of Cu, Zn, Fe,
and Mn in plant tissue were determined. Canola biomass was not affected by Cu source
but was affected by application method. Foliar application significantly reduced biomass
éompared to broadcast treatments. Concentration of Cu in canola with Cu-humic acid
was significantly lower than with the CuCl,, Cu-EDTA, and Cu-fulvic acid. Cu-fulvic
acid was the only treatment that significantly increased the Cu concentration relative to
the control plants. Coppér accumulation in plants was significantly greater with foliar
than with band applicaﬁon. Form of Cu did not affect Cu accumulation. Zinc treatments
were ineffective at increasing canola biomass. Foliar application of Zn significantly
reduced‘ canola biomass relative to soil applied treatments. Zn-EDTA significantly
increased Zn concentration compared to ZnCly and Zn-humic acid. Zn-fulvic acid
significantly increased Zn concentration compared to Zn-humic acid. Foliar application
significantly increased Zn concentration compared to the soil applications. EDTA and

fulvic acid significantly increased Zn accumulation compared to the control plants.
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EDTA also increased Zn accumulation compared to humic acid. Application method did

not affect Zn accumulation.

7.2 Introduction

Humic and fulvic acids added to soil affect the availability of Cu and Zn to Crops.
Humic acid applied to soil increased the Cu concentration in barley (Elgala et al. 1978,
Metwally et al. 1976). The uptake of Zn by wheat was significantly increased by é soil
application of fulvic acid (Gupta and Deb 1985). In other studies, the concentration of
Zn in ricé and wheat significantly increased when humic acid was applied to soil.

In contrast to the results observed above, organic amendments containing humic
and fulvic acids have been shown to reduce the availability of Cu and Zn. Copper
‘concentration in bean and corn plants decreased with the addition of coal by-products
(Adriano et al. 1978) and humic acid was shown to reduce the concentration and uptake
of Zn in barley (Elgala et al. 1978).

Fulvic acids have been shown to be superior to humic acid in improving
micronutrient availability (Moris 1985), most likely due to the formation of more stable
complexes with humic acids than with fulvic acids (Dkhar et al. 1985). The size of fulvic
acids are also smaller than humic acids and thus would be preferred for absorption by
plant roots.

This study was‘conducted to detérmine the availabilify of Cu and Zn to canola
when using humic and fulvic acids as carriers or chelates of these metals. The plant
availability of Cu and Zn from Cu and Zn humic and fulvic acids were compared to the

availability of Cu and Zn from traditional sources.
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7.3 Materials and Methods

A growth chamber study was conducted to determine the effectiveness of various
Cu and Zn fertilizers applied to Argentine canola Brassica napus (cv. LG 3310). Three
methods of application were evaluated: broadcast and mixed with soil, banded into soil,
and foliar. The study was designed as a 4x3 factorial experiment (four sources of Cu or
Zn and three application methods) for both the Cu and Zn study. Soil analysis was
conducte dby Norwest Labs. Procedures specific to various soil chemical characteristics
are described in Appendix Xa. Characteristics of the soil used for the study are presented

below (Table 7.1).

Table 7.1 Characteristics of a loamy sand used in Cu and Zn growth chamber
studies with humic and fulvic acid in 1999.
Characteristic

pH 7.5
texture loamy sand

O.M. (%) 22

E.C. (dS m? 0.3

O.M. = organic matter
E.C. = electrical conductivity

Studies with Cu and Zn were set up as separate experiments. Two kg of soil in 2-
liter pots were used, and 3 canola plants per pot were grown.

Four Cu or Zn fertilizers including the inorganic salt (CuCl, or ZnCly), the EDTA
complexed forms (Cu-EDTA or Zn-EDTA), a humic acid formulation (Cu-humic acid or
Zn-humic acid) designated as L-11, and a fulvic acid form designated as L-16 (Cu-fulvic
acid or Zn-fulvic acid) were used in this study. Characterization of the humic and fulvic
acid is provided in the Appendix (I). The Cu and Zn humic acid and fulvic acids were

prepared by reacting inorganic salt with the acids.
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The fertilizer was either broadcast (applied and uniformly mixed throughout the
soil in the pot) or banded approximately 5 cm below the seed just prior to planting, The
fertilizer bands consisted of placing 5 ml of solution dropwise across the center of each
pot to provide a band 5 cm long and 0.5 cm wide. Foliar applications were applied at the
three leaf stage using a very fine spray in a total volume of 5 ml of solution per pot or
treatment. Rates of Cu and Zn used were 5 kg ha ™ of Cu or Zn for the soil treatments
and 1 kg ha ™' for foliar treatments.

A basal application of nutrients consisting of 200 ppm of N as urea, 100 ppm of P
as monoammonium phosphate, and 100 ppm of K and S as K,SO, was applied at time of
planting. A subsequent application of 200 ppm N was applied at the 4 leaf stage. The
grthh chamber conditions used were near ideal. Sixteen hours of light was followed by
8 hours of darkness. The daytime temperatures were 25°C and the night temperatures
were 13°C. The relative humidity remained constant at 60%.

Plants were harvested when the canola plants began to bolt. Plant tissues for
foliar treatments were washed as follows: the plants were first washed in a mild detergent
solution, followed by a dilute acid solution and finally in deionized water as suggested by
Walsh and Beaton (1973). The plants samples were dried, weighed, and finely ground
using a grinder equipped with a stainless steel blade.

The Cu, Zn, Fe, and Mn concentrations in plant tissues were determined by
digestion of plant material in a nitric-perchloric acid mixture é.nd use of an atomic

adsorption spectrometer.
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7.4 Results
Cu Study
Copper fertilization did not significantly affect the above-grognd biomass
production of canola (Table 7.2 and 7.5). However, application method significantly
affected biomass of canola. Foliar applications of Cu significantly resulted in lower
biomass yields compared to the broadcast application (Table 7.6). There was no
significant difference in biomass between the band and foliar applications or between the

band and broadcast applications (Table 7.6).

Table 7.2 Effect of Cu fertilizer on biomass (g pot™).
Application Method
Cu Source Broadcast Band Foliar
CuCi2 16.4 16.5 14.1
EDTA 16.0 14.3 13.2
Humic Acid 16.0 14.8 16.0
Fulvic Acid - 15.8 15.3 12.6
Control 14.0

The Cu concentration in tissue with the Cu-humic acid was significantly lower
than with CuCl,, Cu-EDTA, and Cu-fulvic acid (Table 7.3 and 7.6). However, Cu-fulvic
acid was the only treatments that significantly increased the Cu concentration versus the
control (Table 7.6).

Copper treatments were ineffective in increasing the Cu accumulation of canola
(Table 7.4 and 7.5). However, significant effects of application method were observed.
Foliar applications of Cu significantly increased Cu accumulation of canola versus the
band treatments. No significant differences were observed between the foliar
applications and thé broadcast applications or between band and broadcast application.

Zinc, Mn, and Fe concentrations in canola tissue were also measured and are

presented in the Appendix (V, VII).
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Table 7.3 Effect of Cu fertilization on concentration of Cu in plant tissues (mg kg™).
Application Method

Cu Source Broadcast Band Foliar
CuCI2 4.4 3.5 54
EDTA 48 3.9 5.9

Humic Acid 34 3.3 4.0

Fulvic Acid 42 4.0 6.9

Control 41

Table 7.4 Effect of Cu fertilization on accumulations of Cuin plant tissues (mg pot™).
‘ Application Method
Cu Source Broadcast Banded Foliar
CucCi2 0.072 0.058 0.076
EDTA 0.076 0.056 0.078
Humic Acid 0.054 0.049 0.064
Fulvic Acid 0.066 0.061 0.087
Control 0.057

Table 7.5 Statistical analysis of Cu application on canola biomass

., Cu concentration, and Cu

accumulation on a loamy sand.

Canola Biomass |Cu Concentration| Cu Accumulation
Source df| MS F-value | MS F-value MS F-value
Rep 21 1.83 0.69 1.01 1.23 390.19 1.52
Cu Source 4| 475 1.79 3.27 3.96% 515.45 2.01
Application 21074 4.04* 9.16 11.11* 1151.77 4.49*
Treatment*Application 8| 291 1.09 1.40 1.70 139.97 0.55
Error 28] 2.66 0.82 256.28

MS = Means Squares

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom




Table 7.6 Contrast analysis of Cu application on Cu concentration, wheat biomass and yield
on a loamy sand. '

Cu Source Canola Biomass Cu Concentration Cu Accumulation
Control vs CuCl, ns ns ns
Control vs EDTA ns ns ns

Control vs Fulvic Acid ns _ * ns
Control vs Humic Acid ns ns ns
CuCl, vs EDTA ns ns ns
CuCl, vs Fulvic Acid ns ns ns
CuCl, vs Humic Acid ns * ns
EDTA vs Fulvic Acid ns ns ns
EDTA vs Humic Acid ns * ns
Fulvic vs Humic Acid ns * ns
Application Method
_ Band vs Broadcast ns ns ns
~ Band vs Foliar ns > *
Broadcast vs Foliar * * ns

ns = non-significant
* = significant at 0.05 level of probability
** = significant at 0.0001 level of probability

Zn Study

Zinc source did not affect the biomass of canola (Table 7.7 and 7.10). However, a
significant application méthod effect was observed. Foliar applications of Zn
significantly reduced the biomass of canola versus the soil applied treatments. A
significant difference was not observed between the band or broadcast applications
(Table 7.11). The reductions in yield of biomass of canola with the foliar applications
was probably due to scorching of the leaves and reduced photosynthetic capability of the

plants.
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Table 7.7 Effect of Zn fertilization on biomass of canola (g pot") on a loamy sand in 1999,
Application Method
Zn Source Broadcast Band Foliar
ZnCl2 14.2 14.0 114
EDTA 12.5 15.7 13.2
Humic Acid 15.1 14.1 : 13.4
Fulvic Acid 14.0 13.6 11.8
Control 15.3

Zinc concentration in canola was significantly increased by all Zn fertilizers
(Table 7.8 and 7.10). Zn concentration in tissue with EDTA was significantly greater than
with ZnCl, and Zn-humic acid. The fulvic acid treatment significantly increased the Zn
concentration in canola compared to the humic acid treatments (Table 7.8 and 7.10).
Application method also had a significant effect on Zn concentration. Foliar application
of Zn significantly increased the Zn concentration of canola compared to the band and
broadcast applications. No difference was observed between the band and broadcast
applications. This is the inverse to the biomass results suggesting that the increase in Zn
concentration with the foliar applications was due to a reduction in biomass.

Accumulation of Zn in canola was affected by Zn treatment (Table 7.9 and 7.10).
In treatment comparisons., the EDTA and the fulvic acid treatments si gnificantly
increased Zn concentration versus the control. EDTA also significantly increased Zn
concentrations compared to the humic acid treatment. Application method did not affect
the Zn accumulation in canola.

Copper, Mn, and Fe concentrations of canola were also measured and are

presented in the Appendix (VI, VIII).
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Table 7.8 Effect of Zn fertilization on concentration of Zn in canola tissue (mg kg™)
Appilication Method
Zn Source Broadcast Band Foliar
ZnClI2 26.2 245 37.3
EDTA 33.7 38.7 34.9
Humic Acid 254 26.3 26.3
Fulvic Acid 28.1 21.0 56.6
Control 19.2

Table 7.9 Effect of Zn fertilization on accumulaton of Zn in canola tissue (mg pot™) on a
loamy sand in 1999,
Application Method

Zn Source Broadcast Banded Foliar

ZnCIi2 0.373 0.344 0.423

EDTA 0.403 0.623 0.481

Humic Acid 0.383 0.371 0.357

Fulvic Acid 0.401 0.284 0.682
Control 0.293

Table 7.10 Statistical analysis of Zn application on canola biom
Zn accumulation on a loamy sand in 1999.

ass, Zn concentration, and

Canola Biomass | Zn Concentration | Zn Accumulation
Source df| MS F-value MS F-value MS F-value
Rep 2] 0.1 0.03 7.15 0.19 3575 0.21
Zn Source 41 7.50 2.34 436.43 | 11.36™ | 59217 3.42*
Application 211282 4.00* 366.09 9.53* 25239 1.46
Treatment*Application 8 1.39 0.43 219.43 571* 35698 2.06
Error 28| 3.21 38.42 17290

MS = Means Squares

* = significant at 0.05 level
“* = significant at 0.0001 level
df = degrees of freedom
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Table 7.11 Contrast analysis of Zn application on Zn concentration, canola biomass and |
Zn accumulation on a loamy sand.

Zn Source Canola Biomass Zn Concentration | Zn Accumulation
Control vs ZnCl, ns * ns
Control vs EDTA ns *x ' *

Control vs Fulvic Acid ns b *
Control vs Humic Acid ns * ns
ZnCl, vs EDTA ns * ns
ZnCl, vs Fulvic Acid ns ns ns
ZnCl, vs Humic Acid ns ns ns
EDTA vs Fulvic Acid ns ns ns
EDTA vs Humic Acid ns * *
Fulvic vs Humic Acid ns * ns
Application Method
Band vs Broadcast ns ns ns
Band vs Foliar * * ns
Broadcast vs Foliar * * ns

ns = non-significant
* = significant at 0.05 level of probability

** = significant at 0.0001 level of probability

7.5 Discussion

The application of Cu, regardless of form did not affect the biomass of canola. A
reduction in biomass from foliar application of fulvic acid was likely due to stress as a
result of scorching of the ieaves due to the acidity of the fulvic acid solution. Foliar
applications were applied using the same volume of solution. The volume of water added
however, was not dilute enough to reduce the acidity of the fulvic acid solution.

The lack of response in biomass to Cu application was probably due to two
reasons. The level Qf Cu in the soil was above the critical level for canola even though
the soil was coarse and had a low organic matter content. Secondly, the critical level of
Cu for canola is relatively low. The sufficiency level of Cu in tissues for canola at the

flowering stage is 2.7 ppm (Srivastava and Gupta 1996). The plants in the control
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treatments, (no Cu had been applied) were above the sufficiency level of 2.7 ppm.
Therefore, a response to Cu fertilization should not have been expected.

Concentration of Cu in canola was not increased by soil application of Cu
(broadcast or banded). This suggests that the humic acid may have formed very stable
complexes with the added Cu as well as soil-Cu decreasing the amount of Cu in solution
and phytoavailable Cu. It is also possible that the humic acid-metal complex may be too
large for the absorption of the complex by the plant.

Foliar application of Cu increased the Cu concentration of canola. This is
probably due to scorching of the leaves which would have reduced the photosynthetic
capabilities of the plants. The reduced biomass would have increased the concentration
of the Cu even if the uptake was unchanged. This seems quite possible as the biomass of

‘the canola was signiﬁcantly lower when foliar treatments were applied. Another
possibility is that the scorching of the leaves would allow for the Cu to penetrate the plant
cuticle, the most limiting step in absorption through leaves. This is consistent with
results found in the field study in which Cu treatments that scorched the wheat leaf tissue
resulted in the highest tissue Cu concentration and final grain yield.

The application of Zn, regardless of source of Zn or application method did not
affect biomass of canola likely due to sufficient levels of phytoavailable Zn in the soil.
Control plants (no Zn applied) had a tissue concentration of 19 ppm Zn. The sufficient
level of Zn required by canola is about 15 ppm (Srivastava 1996). Thus, the control
plants had sufficient levels of Zn without fertilization.

All Zn-treatments significantly increased the Zn concentration of canola.

However, in comparison of treatments, Zn-EDTA significantly increased the Zn
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concentration versus ZnCl, and Zn-humic acid and Zn-fulvic acid significantly increased
the Zn concentration versus Zn-humic acid. Therefore, Zn-EDTA was a highly effective
form of Zn fertilizer. The increase in Zn concentration with Zn-EDTA in this study as
well as the increase in Zn concentration when Cu-EDTA was applied in the Cu study
suggests that EDTA forms a more stable chelate with Zn than with Cu at the soil pH
encountered. Zn-fulvic acid performed similarly to Zn-EDTA suggesting that fulvic acid
may be effective as a carrier for Zn

Foliar application of Zn treatments significantly increased the Zn concentration of
canola. However the increase in Zn concentration was likely due to the reduced biomass
of canola. The foliar application of Zn treatments scorched the canola tissuc. This may
havé decreased the photosynthetic capabilities of the canola plants, which would have
reduced canola biomass. The reduction in biomass would have increased the
concentration of Zn. The other possibility is that the scorching of the leaves may have
increased the permeability of the plant cuticle. The plant cuticle is the most limiting step
in absorption of nutrients through the leaf. Therefore, scorching of the leaf tissue may
have enhanced Zn absorption. Changes in Cu, Mn, and Fe tissue concentrations with Zn

application was due to biological dilution.

7.6 Conclusion
CuCl,, Cu-EDTA, and Cu-humic acid were not effective in increasing the Cu
concentration of canola tissue when applied to soil. Cu-fulvic significantly increased the
Cu concentration of canola versus the control. Cu-humic acid significantly lowered the

Cu concentration of canola versus CuCly, Cu-EDTA and Cu-fulvic acid. Foliar
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application of Cu treatments significantly increased Cu concentration of canola but
significantly lowered canola biomass.

Zinc treatments were ineffective at increasing the biomass of the canola. This is
due to the level of available Zn being more than sufficient for the canola plants at the
bolting stage. However, the fertilizers used in this study increased the Zn concentration

of canola tissue.
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8. EFFECT OF LEONARDITE ON THE SOLUBILITY AND CONCENTRATION
OF CD IN DURUM WHEAT DUE TO NITROGEN F ERTILIZATION
8.1 Abstract
A growth chamber study was conducted to determine the effective of leonardite
on Cd solubility and uptake in durum wheat treated with N fertilizer. Durum wheat
Triticum durum (cv. Sceptre) was grown on a clay loam soil. Three rates of N were
applied as urea; 0, 250 and 500 ppm N. Two forms of leonardite were used in this study,
a dry powder form (L-31) and a liquid formulation (L-11). Both forms of leonardite were
appAlied at two rates. The dry leonardite was applied at 100 and 400 ppm while the liquid
‘leonardite was aﬁplied at 0.05 and 0.2 uL g of soil. The leonardite was used to coat the
urea granules, which were then applied as a broadcast or band application. Biomass and
Cd, Zn, Cu, and Mn concentrations in plant tissues were determined. Nitrogen fertilizer
significantly increased the Cd concentration of the durum wheat tissue. The application
of leonardite significantly increased the Cd concentration of durum wheat when applied
with the N fertilizer but only when the N fertilizer was broadcast. Cadmium content of

plants was greater with banded than with broadcast N.
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8.2 Introduction

Cadmium is a heavy metal that has received considerable interest in recent years
because of its association with various health problems (Mitchell 1997). Research has
shown that the addition of fertilizers can increase the phytoavailability of soil Cd due to
its effects on pH, ionic strength, complexation, and plant growth. Cadmium is also a
contaminant within various fertilizers.

Nitrogen fertilizers containing ammonium are known to have acidifying effects on
soil. Cadmium solubility has been shown to be pH dependent. As the pH of the soil
becémes more acidic, the availability of Cd is magnified (Mitchell 1997). Erickson
(1990) found thaf as the amount of ammonium added to soil was increased, the solubility,
and consequently, plant accumulation of Cd increased. This was due to lowering of the
soil pH from acidifying ammonium fertilizers. Acidifying fertilizers such as ammonium
sulphate, amfnonium nitrate, and urea has been shown to increase the exchangeable and
water-soluble Cd in soil (Willaert and Verloo 1992).

Application of humic acid has reduced the phytoavailability of Cd. The addition
of humic acid increased the adsorption of Cd in the pH range of 3.69 - 9.16 (Bolton et al.
1996) while humic acid was shown to increase the adsorption of Cd in an acid soil
(Hanafi and Salwa 1998). Warwick et ai. (1998) discovered that addition of humic acid
resulted in greater édsorp,tion of Cd and reduced the mobility of complexed Cd. This

reduced the amount of Cd that was absorbed by the plant roots.
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The addition of humic acid reduced the activity of Cd in soil solution and
consequently reduced the Cd absorption by plants (Tyler and McBride 1982).

This study was conducted to determine the effect of adding leonardite and humic
acid on Cd phytoavailability when applied in intimate association with N fertilizer.
Leonardite may be able to form a complex with Cd, which may be solubilized when N
fertilizers are added, making the Cd less available to the plant and thereby reducing

concentration of Cd in durum.

8.3 Materials and Methods
A growth chamber study was conducted in order to determine the effect of an
orgénic amendment, in a solid or liquid phase, on concentration and accumulation of Cd
in Canadian Wesfern Amber Durum Triticum durum cv.Sceptre treated with N fertilizer.
The study was conducted as a factorial experiment with five treatments, three rates of N,
two application methods, and three replicates. Soil analysis was conducted by Norwest
labs. Procedﬁres specific for the various soil chemical characteristics are described in

Appendix Xa. Characteristics of soil used in this study is presented below (Table 8.1).

Table 8.1 Characteristics of a Dark Grey Luvisol used for a Cd study in 1999.

Characteristic
pH 7.5
texture clay loam
O.M. (%) 3.6
E.C. (dS m?) 0.2

O.M. = Organic Matter
E.C. = Electrical Conductivity

Forms and Rates of Leonardite
Two forms of leonardite, a powder material designated as L-31 and a liquid form

of leonardite (L-11) was used (Appendix I). The powder form of leonardite was applied
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at two rates: 100 and 400 ppm whereas the liquid leonardite was applied at 0.05 and 0.2
uL g of soil.

Each treatment consisted of a 2 L plastic pot with 2 kg of soil. Each pot contained
4 durum wheat plants. Growth chamber conditions were set to simulate optimal growing
conditions. There were 16 hours of daylight followed by 8 hours of darkness with the
temperature set at 25°C during daylight hours and 12°C during darkness. The rela_tive
humidity remained constant at 60%. Each pot was watered so that water stress did not
occur. Field capacity and PWP were calculated for the soil type. Water was added so
that the available water remained between 60 and 100% of field capacity.

Urea (46-0-0) was used as the source of N and was applied at rates of 0, 250, and
500. ppm N.
Application of ’freatments

The leonardite and urea were either broadcast or banded. For the broadcast
application, the leonardite material was coated onto urea fertilizer granules, which were
then mixed throughout the entire pot (2 kg). For the banded application, the leonardite-
coated urea fertilizer granules were placed in a single band, 5 cm below the seed.
Fertility

A basal application of fertilizer was applied to each pot for adequate growth and
consisted of 100 ppm of P and 100 ppm of K. The P was applied as monoammonium
phosphate and K as potassium sulphate that also supplied adequate S for the growth of
durum wheat, |

Harvest

113



The durum wheat plants were harvested at the boot stage by cutting the plants
close to the soil surface. The plant material was dried, weighed, and ground using a
grinder equipped with a stainless steel blade.

One-gram samples were then placed in digestion tubes to which 5ml of nitric and
2.5ml of perchloric acid were added. The test tubes were then left for 24 hours at room
temperature and were then digested at 230°C for 2 hours. The plant samples were
analyzed for Cd, Cu, Zn, and Mn tissue concentration. Cadmium was analyzed by
graphite furnace atomic adsorption. Cu, Zn, and Mn were analyzed by flame atomic
adsorption. Total biomass and accumulation of Cd, Cu, Zn, and Mn were also
determined.

8.4 Results
Effect of Leonardite on Durum Wheat Biomass

Wheat biomass was significantly affected by N fertilizer, with yields significantly
decreasing in the order: 250 > 0 > 500 ppm N when N broadcast and 250 > 500 > 0 ppm
| N when the N was applied in a band (Table 8.2 and 8.4) Leonardite, in the liquid (L-11)
or the dry form (L-31) at 400 uL g™, did not have an effect on the dry matter production
of durum wheat. Leonardite at 100 uL g of the dry form significantly increased

biomass.
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Table 8.2 Effect of leonardite and mtrogen application on durum wheat
biomass at the boot stage (g pot™)
Application Method
Broadcast Banded
Rate of N (ugg)| Rate of N (ugg™)
Leonardite Source and Rate 0 1250 | 500°] 0 | 250 500
0 Leonardite 52| 56 | 27 | 39| 5.7 5.6
100 uL g™ L-31 53162 |43 |44 59 59
400 ulL. g™ L-31 48| 59 | 29 42| 58 4.4
0.05 uL g” Humic Acid 35166 | 27 |44 55 5.0
0.2 uL g”' Humic Acid 36|67 |30 (37|62 3.5

Effect of Leonardite on Cd Concentration in Durum Wheat Tissue

Nitrogen fertilization significantly increased the Cd content of tissue (Table 8.3
and '8.4) with concentration of Cd significantly increasing in the order 0< 500 < 250 pPpm
N.

Leonardite, when broadcasted in the liquid and dry forms, significantly increased
Cd content of durum wheat. In contrast, banding of the leonardite had no effect on the
tissue concentration of Cd. Cadmium concentrations in plants were significantly greater
with banded than with broadcast treatments. Rate effects were not evident for either form

of the leonardite.

Table 8.3 Cd content of durum tissue at boot stage as affected by N fertilization
and leonardite (ug g™).
Application Method
Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
Leonardite Source and Rate 0 250 500 0 250 500

0 Leonardite 0.195 | 0.282 | 0.201 | 0.215 | 0.435 | 0.483

100 uL g™ L-31 0.289 | 0.556 | 0.286 | 0.211 | 0.440 | 0.393

400 uL g™ L-31 0.290 | 0.606 | 0.245 | 0.228 | 0.427 | 0.384

0.05 uL g™ Humic Acid 0.217 | 0.369 | 0.273 | 0.297 | 0.449 | 0.536

0.2 uL g™ Humic Acid 0.210 | 0.350 | 0.248 | 0.291 | 0.445 | 0.462
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Table 8.4 Statistical analysis of nitrogen and leonardite application on durum biomass, Cd
concentration, and Cd accumulation on a Grey Luvisol in 1999,

Durum Biomass Cd Concentration
Source df MS F-value MS F-value
Rep 2 0.19 0.28 0.001 0.07
Nrate 2 33.94 49.31** 0.290 30.25*
Lsource 4 2.09 3.05* 0.004 0.41
Application 1 2.31 3.35 0.077 8.15*
Nrate*Lsource 8 1.43 2.07 0.021 2.24*
Nrate*Application 2 11.95 17.37** 0.060 6.36*
Lsource*Application 4 0.41 0.59 0.032 3.39%
Nrate*Lsource*Application 8 1.10 1.75 0.008 0.82
Error 66 0.69 0.009

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS'= Means Squares

Cd concentration on a Grey Luvisol.

|Table 8.5 Contrast analysis of nitrogen and leonardite application on durum biomass and

Contrast Durum Biomass Cd Concentration
N rate
0 vs 250 ppm > bl
0 vs 500 ppm ns *
250 vs 500 ppm > *
Leonardite Source and Rate
Ovs 0.05 ns ns
Ovs 0.2 ns ns
0 vs 100 ns ns
0 vs 400 ns ns
0.05vs 0.2 ns ns
0.05 vs 100 * ns
0.05 vs 400 ns ns
0.2vs 100 * ns
0.2 vs 400 ns ns
100 vs 400 * ns
Application

Band vs Broadcast ns *

ns = non-significant
* = significant at 0.05 level of probability

** = significant at 0.0001 level of probability
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Effect of Leonardite on Micronutrient Concentration in Durum Wheat Tissue

Application of N significantly increased the Zn concentration of durum wheat
tissue (Table 8.6 and 8.9). Zinc content with broadcasted N was si gnificantly greater
than with banded application. The liquid form (L-1 1) of leonardite, at 0.2 uL g™', reduced
the concentration of Zn in durum wheat. However, the dry form (L-31) had no

significant effects on the Zn concentration in the plants.

Table 8.6 Zn concentration of durum as affected by N fertilization and leonardite
(mg kg™).
Application Method
Broadcast Banded

Rate of N (ppm) Rate of N (ppm)
Leonardite Source and Rate 0 250 | 500 0 250 | 500
0 L-31 263 | 415 |38.8 | 302 | 37.0 | 495
100 ppm L-31 36.1 | 444 | 455 | 24.0 | 376 | 39.5
400 ppm L-31 273 | 436 | 47.7 | 255 | 36.1 | 34.6
0.05 uL. g” Humic Acid 28.0 | 364 | 40.2 | 283 | 36.7 | 38.0
0.2 uL g" Humic Acid 22.8 | 355|383 | 259|363 | 349

Tissue concentrations of Mn were significantly affected by N application (Table
8.7 and 8.9). Rate effects of N were highly significant in which Mn contents decreased in
the order 500>250>0 ppm N. Manganese concentration with broadcast application of N
were significantly greater than with banded N application. No effects of leonardite on

Mn tissue concentration were evident.
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Table 8.7 Mn Concentration of durum as affected by N fertilization and leonardite

(mg kg™).
Application Method
Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
Leonardite Source and Rate 0 250 500 0 250 500
0 L-31 31 549 1817 30 169 378
100 ppm L-31 34 407 1392 28 155 420
400 ppm L-31 31 389 2025 34 | 168 548
0.05 uL g'1 Humic Acid 37 406 1275 32 180 434
0.2 uL g'1 Humic Acid 26 337 1316 24 184 443
Nitrogen application had a significant effect on the Cu concentration in durum
wheat tissue (Table 8.8 and 8.9). The N rate effects which were evident were 0 ppm >
500 ppm > 250 ppm N. Method of application did not affect the Cu concentration of
‘durum wheat tissue. An interaction between N rate and application method was also
evident. No rate or form effects of leonardite were evident.
Table 8.8 Cu concentration of durum as affected N fertilization and leonardite
(mg kg™).
Application Method
Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
Leonardite Source and Rate 0 250 500 0 250 500
0 L-31 3.8 27 43 3.3 2.8 2.6
100 ppm L-31 4.6 2.1 3.0 3.3 20 3.0
400 ppm L-31 627 1.3 3.1 51 2.8 4.6
0.05 uL g'1 Humic Acid 4.4 1.7 3.1 3.9 3.5 29
0.2 ul g'1 Humic Acid 4.0 2.6 2.2 3.3 24 2.3
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Table 8.9 Statistical analysis of nitrogen and leonardite application onZn, Mn, and Cu
concentration of durum on a Grey Luvisol.

Zn Concentration | Mn Concentration |Cu Concentration

Source df MS F-value MS F-value | MS F-value
Rep 2 6.63 0.26 58622 0.75 2.29 2.46

Nrate 21 1522.01 | 59.61* | 7620266 | 97.46* | 14.94 16.03**
Lsource 4 88.81 3.48* 78960 1.01 1.37 1.47
Application 1 133.86 5.24* 4680270 | 59.86** | 1.49 1.60
Nrate*Lsource 8 10.35 0.41 66708 0.85 0.70 0.75
Nrate*Application 2 9.50 0.37 2591911 | 33.15* | 4.27 4.58*
Lsource*Application 4| 109.71 4.30% 66668 0.85 0.54 0.57
Nrate*Lsource*Application 8 38.62 1.63 44845 0.54 1.05 1.14

Error 66| 2553 78187 0.93

* = significant at 0.05 level
** = significant at 0.0001 level
df = degrees of freedom

MS = Means Squares

Table 8.10 Contrast analysis of nitrogen and leonardite application on Zn, Mn, and Cu
concentration of durum wheat on a Grey Luvisol.

Zn concentration

Mn Concentration

Cu Accumulation

N rate
0 vs 250 ppm o * *
0 vs 500 ppm > > *
250 vs 500 ppm ns ** *
Leonardite Source and Rate

0vs 0.05 ns ns ns
Ovs 0.2 * ns ns
Ovs 100 ns ns ns
0 vs 400 ns ns ns
0.05vs 0.2 ns ns ns
0.05 vs 100 ns ns ns
0.05 vs 400 ns ns ns
0.2vs 100 * ns ns
0.2 vs 400 * ns ns
100 vs 400 ns ns ns

Application
Band vs Broadcast * ** ns

ns = non-significant

* = significant at 0.05 level of probability

** = significant at 0.0001 level of probability
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8.5 Discussion

Leonardite had no consistent effect on biomass of durum wheat. Tt was
interesting to note, however, that treatments with leonardite tended to produce the
greatest biomass. Nitrogen fertilization had a significant effect on biomass of durum
wheat. The yield with 500 ppm N was significantly lower than in the controls. This was
most likely due to NH; or Mn toxicity. Ammonia is considered toxic to plants at high
levels and urea applied on high pH soils has a preference to produce NH3 The amount of
NHj that was produced by the 500 ppm N rate may have exceeded crop tolerance levels
resﬁlting in a toxicity. Tissue Mn concentrations greater than 500 ppm are considered
‘toxic to most plants (Srivastava and Gupta 1996). Manganese concentrations in plant
tissues in many treatments with high rates of N were in excess of 500 ppm. Manganese
éolubility and availability increase with greater soil acidity. Since, ammonium containing
fertilizers, such as urea, are known to acidify the rhizosphere, the acidification of the
rhizosphere will increase the availability of Mn and consequently the uptake of Mn
(Wilson 1977).

Nitrogen fertili.zer, as urea, significantly increased concentration of Cd in durum
wheat tissue. This is consistent with previous research (Grant et al. 1996; Mitchell 1997).
Reasons for the increase in phytoavailability of Cd due to N fertilization are reduced pH
in the rhizosphere (Eriksson 1990), competition from other cations for adsorption sites
(Garcia-Miragaya and Pége 1976), and formation of complexes (usually with chloride

and sulfate fertilizers) (Mitchell 1997).
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The addition of leonardite (L-31) and liquid humic substances (extracted from
leonardite) (L-11) significantly elevated Cd concentration of durum wheat tissue when
applied as a broadcast treatment. These results do not agree with those of Tyler and
McBride (1982) who showed that application of humic acid reduced the activity of Cd in
solution and Cd absorption by plant roots. Band application of leonardite had no effect
on the Cd concentration of durum wheat tissue.

The results from this study suggest that application of organic amendments
containing organic acids in intimate association with N fertilizers increased the
phytoavailability of Cd. It is likely that the N fertilizer, due to acidification or increased
ionic strength of soil solution, caused the Cd to become solubilized. The organic acids
(hunﬁc or fulvic acids) that are in close association with the urea granules likely formed a
complex with the»Cd2+. Humic and fulvic acids have been shown to form stable
complexes with Cd (Stevenson 1976). This complex was likely water-soluble and thus
the re-adsorption and precipitation of Cd was reduced increasing plant available Cd for a
greater length of time (i.e. the leonardite had acted as a chelate for the Cd** ion). Itis
also possible that some of the acids may not be fully dissociated. The functional groups
of the acids would be positively charged and could compete with Cd for sorption sites.

Application of leonardite did not affect Cd tissue concentrations when applied in a
band. The high concentration of urea likely solubilized so much Cd that the chelation of
Cd by leonardite was not a factor. The concentration of the Cd in the urea band will be
much greater than the amount of Cd that is taken up by the plant roots. Therefore, the
leonardite may be chelating Cd but the subsequent absorption of Cd by plant roots is not

affected since the water-soluble Cd concentration is already high.

121



The application of N fertilizer also resulted in a significant increase in the
availability of Mn, Cu, and Zn. This is consistent with previous work (Thomson et al.
1993). Copper, Zn, and Mn metals occur in soil solution as cations. It 1s possible that
increases in Cu, Zn, or Mn in solution would compete with Cd for adsorption sites that
would result in increase phytoavailability of Cd. Another possibility is that the functional
groups of humic and fulvic acids may not be completely dissociated, therefore the
positively charged functional groups will compete with cations for sorption sites.

The pH of the soil used in this study was 7.5. The formation and stability of Cd
complexes becomes greater as the pH becomes more alkaline (Bolton et al. 1996).
Bolton et al. (1996) showed that the addition of humic acid increased the adsorpﬁon of
Cd in the pH range of 3.69 — 9.16, which had reduced Cd availability to the plant. The

pH of the soil uséd in this study is within this range but had resulted in a significant
increase in availability of Cd to the durum wheat.

Zinc concentration was significantly reduced by the addition of liquid leonardite.
This is in agreement with previous work (Warwick et al. 1998, Gupta and Deb 1985).
Zinc concentration has been reduced in plants due to increased adsorption and
consequently reduced mobility of the complexed Zn (Warwick et al. 1998). Zinc
chelated by fulvic acid reduced uptake of Zn by plant roots (Gupta and Deb 1985). The
humic or fulvic acid may also form a complex that is so stable that Zn is unavailable to
the plant.

High conceﬁtrations of Cd have also been shown to have an antagonistic effect on
Zn absorption by plant roots. This may be possible due to the solubilization of Cd by

urea fertilizer granules.
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8.6 Conclusions
The application of leonardite (containing humic and fulvic acids) in intimate
association with urea fertilizer granules did not affect the concentration and uptake of Cd
by durum wheat when the N fertilizer was banded in soil. In contrast, the same fertilizer
materials significantly increased the concentration and uptake of Cd by durum wheat
when broadcast. The increase in Cd uptake with the addition of leonardite was coptrary

to that expected.
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9. GENERAL DISCUSSION

The results of these studies suggest that the use of leonardite as an amendment for
some agricultural soils is limited. In field studies, the application of leonardite as a soil
amendment at high rates did not significantly or consistently affect the emergence or
yield of canola or wheat either as pre-plant or post-plant application.

Leonardite, applied as a pre-plant or post-plant application treatment, did not
affect the yield of canola or wheat, beneficially or detrimentally. Analysis on the
chemical composition of wheat grain had shown that the application of leonardite did not
afféct chemical composition of plants. Thus, leonardite, if proven to be beneficial to soil
‘quality could be ﬁtilized on agricultural land without any detrimental effects on food
safety.

Application of humic acid, derived from leonardite, enhanced the P concentration
of canola tissue in the early stages of plant development. However, the increase in P
concentration did not significantly affect grain yield at maturity. |

Soil application of humic and fulvic acids extracted from leonardite did not
improve the availability of Cu and Zn to canola. However, foliar application of fulvic
acid containing Cu and Zn elevated the Cu and Zn tissue concentrations of canola. This
may be due to improved absorption of the fulvic acid complex or through scorching of
canola tissue due to the low pH of the solution.

Foliar application of a fulvic acid-Cu complex increased the wheat tissue

concentration of Cu comparable to that of EDTA. The fulvic acid-Cu complex also
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caused an improvement in wheat biomass and yield similar to EDTA. However, the
inorganic source of Cu was the most effective form of Cu application. This may be
explained through increased Cu** adsorption sites with the plant cuticle, scorching of the
leaf tissue, and self diffusion.

The intimate association of leonardite and urea granules enhanced the
concentration and uptake of Cd by durum wheat when the nitrogen fertilizer was |
broadcast. Nitrogen has been shown to increase the solubilization and uptake of Cd by
durum wheat (Mitchell 1997). However, the application of leonardite with the urea
granules resulted in a further increase in the Cd concentration of durum wheat. This is
likely due to the formation of a stable water-soluble complex that is available to durum

wheat plants.
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10. SUMMARY AND CONCLUSIONS

The application of leonardite as a pre-plant or post-plant application has no or
limited potential to increase the emergence of small seeded crops on soils such as used in
this study.

The yield of canola and wheat was not affected by the application of leonardite, as
a pre-plant or post-plant application. Chemical composition of the wheat grain was also
unaffected. The studies conducted, eventhough limited, showed that leonardite could be
added without compromising food safety.

The application of humic acid, derived from leonardite, applied in the same
fertilizer band as émmonium polyphosphate was effective in increasing the P
concentration of canola. However, the increase in P concentration did not generate an
improvement in yield.

Humfc and fulvic acids, derived from leonardite, did not improve the
bioavailability of Cu or Zn when soil appiied. Foliar application of fulvic acid enhanced
the Cu and Zn concentrations of canola.

Foliar application of a fulvic acid-Cu complex was as effective as EDTA in
improving the Cu concentration of wheat tissue. However, the inorganic source of Cu
was superior to both fulvic acid and EDTA in increasing Cu concentration, wheat
biomass, and wheatvyield.

The application of leonardite in intimate association with urea fertilizer granules

applied broadcast, resulted in greater Cd concentration of durum wheat tissue. This is
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likely due to the formation of a water-soluble complex formed by the organic acids of
leonardite and Cd**. However, the field application of leonardite as a broadcast

amendment did not affect the concentration of Cd in the wheat grain.
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11. CONTRIBUTION TO KNOWLEDGE '

Leonardite, and products of leonardite, were used in an attempt to improve soil
structure, act as a carrier for Cu and Zn, to improve P fertilizer use efficiency, and reduce
Cd concentration and accumulation in durum. The studies generally showed that these
uses of leonardite in agricultural production in Manitoba have low potential. Leonardite
and its products that were tested had little or no effects on emergence and final grain
yield of crops but had no detrimental effects on the chemical composition of crops.

Use of fulvic acid derived from leonardite may have potential use as a minor
element carrier if improvements are made to the complex. Data from field and growth
chamber studies éonducted in this thesis had shown that fulvic acid has potential to act as
a carrier for Cu and Zn when applied as a foliar fertilizer. This was shown in
concentration, biomass, and final grain yield.

These studies overall showed that the use of leonardite per se as a soil amendment
had limited value and that further research was needed on leonardite products before use

as a minor element fertilizer was viable.
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13. APPENDICES

Appendix la. Description of leonardite products used in various studies.
Material Form

L-11 Liquid (Humic Substances)
L-14 Dry

L-16 Liquid (Fulvic Acid)
L-31 Dry

L-45 Liquid (Humic Acid)
L-52 Liquid (Humic Acid)

Appendix Ib. Functional group énalysis of leonardite products L-11 and L-31.

Material Total Acidity Carboxylic Funtional Phenolic Functional
(meq/g) (meg/g)
L.-11 7.7 3.6 4.1
L-31 7.1 1.8 5.4

Appendix Ic. Chemical properties of leonardite products used in various studies.

Moisture (%) Carbon (%) Hydrogen (%) | Nitrogen (%) Ash (%) Sulphur (%) Oxygen (%) pH

Material AR AD AR AD AR AD AR AD AR AD AR AD AR AD

L-11 9128 | 059 | 446 | 5114 | 030 | 347 ] 010 | 118 | 225 | 2584 | 0.04 | 044 1.56 | 17.92 | 857
L-14 3430} 1235] 2827 | 43.02 ) 173 | 263 | 0.71 1.08 | 2353 | 3581 033 | 050 | 11.13 | 1694 | 3.58
L6 98.63 | 292 | 051 | 3722 0.04 | 261 0.01 054 { 037 | 2689 | 0.01 049 | 044 | 3226 | n/a
L-31 3510 | 868 | 34.38 | 5298 | 2559 | 3.99 | 079 | 1.22 6.17 | 9.51 0.31 047 | 2066 | 31.84 | 3.70
L45 91.80 | 7.36 | 3.80 | 4691 | 020 | 241 | 010 | 119 | 220 | 2720] 023 | 278 | 158 | 1950 | 5.40
L-52 91.36 | 3.11 282 | 3269 | 016 | 1.84 | 007 | 077 | 427 | 4941 | 047 | 549 | 085 | 9.80 n/a

AR = As received, AD = Air Dried
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Appendix Id. Elemental composition of leonardite products.

Al As B8 Ba Ca Cd Co Cr Cu Fe Hg K La Mg | Mn P Pb Sr Zn
Material | (%) | (ppm) | (ppm) | (Ppm)| (%) | (Ppm) | (pPm) | (ppm) [(ppm)| (%) |(ppm)| (%) (ppm)i (%) |(ppm)| (%) | (ppm) | (ppm) | (ppm)
L-11 0.4 1 31 344 [ 170 <t 4 12 9 | 03003 08! 7 |021] 22 [o011] 8 200 28
L-16 0.6 14 27 <1 1.25 <1 11 19 18 0.6 n/a 6.9 13 1024 62 [1784] <1 92 40
L-45 0.7 2 636 118 | 0.96 <1 4 6 3 0.4 n/a 6.0 12. 0.17 | 117 {0.015 6 151 6
L-52 1.4 <1 70 161 | 0.84 <1 <1 34 31 0.6 nfa | 12.7 16 1 0.07{ 98 |0.002] 21 106 54
Appendix lla. Chemical composition of wheat grain in section 3 of thesis on a Luvisol soil in 1998.
N S P K Ca Mg Na Zn B Mn Cu Fe Al Cd

Treatment (%) (%) (%) (%) (%) (%) (%) | (ppm) | (ppm) | (Ppm) | (pPm) | (PPpm) | (Ppm) | (ppm)

Control 3.20 020 | 045 | 034 | 0.04 0.15 | <.01 46.2 1.3 345 <1.0 | 4538 15.7 | 0.032

50kg P 3.20 0.20 0.46 0.35 0.03 0.15 <.01 50.4 2.4 37.1 <1.0 49.0 14.5 | 0.031

150kg P 3.30 0.20 0.46 0.40 0.04 0.16 <.01 46.3 0.5 44.0 <1.0 453 12.9 | 0.036

500kg P 3.10 0.19 | 0.51 0.41 0.04 0.17 0.0 58.2 1.5 47.9 <1.0 | 585 19.8 | 0.032

1000kg P 3.20 0.20 0.46 0.35 0.03 0.16 <01 45.8 0.9 40.7 <1.0 48.3 11.0 } 0.034

5000kg P 3.60 0.21 0.45 0.35 0.03 0.15 <.01 48.9 0.8 41.3 <1.0 47.1 14.2 | 0.034

50kg M 3.30 | 0.20 048 | 038 | 0.04 | 0.16 | <01 50.9 0.9 445 1.2 944 | 37.8 | 0.027

150kg M 3.20 019 | 046 | 036 | 0.03 | 0.16 | <01 53.6 0.9 40.9 22 65.9 | 28.1 | 0.034

500kg M 340 | 0.20 047 | 0.35 0.03 0.15 | <.01 54.9 04 43.3 20 56.6 14.6 | 0.042

1000kg M 3.20 019 | 044 | 035 ]| 003 | 0.15 | <01 45.9 04 35.6 1.3 48.8 13.3 | 0.030

5000kg M 3.20 0.19 045 | 0.35 | 0.03 0.15 0.0 49.3 0.7 41.0 1.3 694 | 288 | 0.032

50L 3.30 | 0.20 0.47 | 0.37 0.03 0.16 0.0 52.5 0.8 437 <1.0 | 80.0 | 30.1 | 0.034

100L 3.20 0.19 0.45 0.35 0.03 0.15 <.01 47.6 1.5 36.5 2.8 51.9 12.6 | 0.036

300L 3.30 0.20 0.50 0.39 0.04 0.17 <.01 60.3 0.7 48.0 2.1 86.4 33.6 | 0.034
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Appendix Ilb. Chemical composition of wheat grain in section 3 of thesis on a Luvisol soil in 1999.

N S P K Ca Mg Na Zn B Mn Cu Fe Al Cd
Treatment | (%) | A | A | CA | A | A | (& | (oem) | (pem) | (ppm) | (pom) {ppm) | (pPm) | (Ppm)
Control 27 1 018 | 036 | 037 | 005 | 014 | 001 | 472 | 12 | 336 | 40 44 18.0 | 0.027
50kg P 26 | 018 | 037 | 037 | 005 ] 014 | 001 | 476 | 12 | 370 | 52 53 259 | 0.025
150kg P 27 | 019 038 | 040 | 004 | 015 <01 | 529 | 18 | 380 | 39 53 282 | 0.028
500kg P 26 |1 018 | 037 | 037 | 005 014 | 001 | 474 | 1.1 324 | 40 37 19.5 | 0.029
1000kg P 26 | 0181 037 | 038 | 004 | 015 | 001 | 494 | 09 | 347 | 55 35 15.9 | 0.024
5000kg P 27 1 019 | 036§ 038 | 005 014 | 001 | 496 | 16 | 389 | 39 35 2210028
50kg M 26 | 018 | 038} 039 | 005 015} <01 | 514 | 23 | 209 | 33 48 280 | 0.028
150kg M 26 | 018 | 038 | 040 | 005 | 015 ] 001 | 516 | 37 | 373 | 54 40 174 | 0.02
500kg M 26 | 0181 037 | 039 | 005 014 | 001 | 476 | 26 | 338 | 47 53 | 288 | 0.029
1000kg M 26 | 018 ] 037 | 038 | 0.04 | 014 | 001 | 471 17 | 313 | 49 40 16.8 | 0.027
5000kg M 26 | 017 | 036} 039 | 005 | 014 | 001 | 483 | 16 | 308 | 55 & 412 | 0.028
50L. 26 | 018 | 037 | 038 | 005 | 015 ] 001 | 513} 16 | 319 | 52 37 24 | 0030
100L 25 1018 037 | 037 | 004 | 014 | 001 | 508 | 18 | 353 | 32 4 | 207 | 0027
300L 26 | 018 ] 038 | 038 | 004 | 015 | 001 | 521 17 | 337 | 45 45 24.3 | 0.028
Appendix He. Chemical composition of wheat grain in section 3 of thesis on a Chernozem soil in 1998,
N S P K Ca Mg Na Zn B Mn Cu Fe Al cd
Treatment (%) (%) (%) (%) (%) (%) (%) | (ppm) | (ppm) | (ppm) | (PPm) | (PPM) | (ppm) | (Ppm)
Control 2.8 017 | 044 | 045 | 003 | 0.15 | <01 421 34 220 | 386 72.9 | 48.9 | 0.047
50kg P 2.8 017 | 046 | 048 | 003 | 0.15 | 0.01 44.5 27 2321 441 98.2 | 76.6 | 0.052
150kg P 2.9 018 | 046 | 046 | 0.03 | 0.16 | 0.01 47.2 26 220 4.2 50.1 23.7 | 0.041
500kg P 29 018 | 042 | 046 | 0.03 | 0.15 | 0.01 40.1 23 245 | 45 113.4 | 86.2 | 0.043
1000kg P 2.9 018 | 044 | 044 | 003 | 0.15 | 0.01 42.6 22 19.7 | 33 421 59 | 0.047
5000kg P 28 018 | 043 | 044 | 0.03 | 015 | 0.01 435 2.1 2777 286 208.7 | 205.9 | 0.045
S0kg M 3.0 018 | 044 | 048 | 003 | 0.15 | <.01 44.0 2.1 28.1 <1.0 | 125.8 | 111.5 | 0.044
150kg M 2.8 018 | 048 | 050 | 0.03 | 0.16 | <.01 46.4 22 255 43 132.2 | 109.5 | 0.048
500kg M 29 018 | 045 | 047 | 003 | 015 | <01 43.8 2.8 21911 35 98.1 68.0 | 0.044
1000kg M 3.0 0.17 | 046 | 048 | 0.03 | 0.16 | 0.01 47.7 1.6 239 27 108.7 | 59.5 | 0.047
5000kg M 3.0 018 | 043 | 044 | 003 | 0.14 | <01 41.6 22 211 2.1 704 | 50.3 | 0.041
50L 2.9 018 | 043 | 046 | 003 | 0.14 | <01 40.9 25 23.1 2.0 69.2 | 451 | 0.047
100L 2.9 017 | 045 | 046 | 0.03 | 0.15 | <01 41.3 1.2 24.3 3.2 615 | 328 | 0.042
300L 2.8 0.17 | 045 | 045 | 003 | 0.15 | <.01 44.2 0.7 211 3.5 63.8 | 434 | 0.039
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Appendix lid. Chemical composition of wheat grain in section 3 of thesis on a Chernozem soif in 1999.

N S P K Ca Mg Na Zn B Mn Cu Fe Al Cd

Treatment (%) (%) (%) (%) (%) (%) (%) | (ppm) | (pPm) | (Ppm) | (ppm) | (ppm) | (ppm) {ppm)
Control 26 | 018 | 043 | 063 | 005 | 017 | 001 | 422 60 | 30.9 58 126 122 | 0.107
50kg P 25 | 017 | 044 | 063 | 004 | 018 | 001 | 394 5.1 295 | 6.4 33 25 | 0.102
150kg P 25 | 018 | 045 | 070 | 005 | 018 | 001 | 425 3.1 323 5.7 74 55 | 0.101
500kg P 26 | 020 | 044 | 066 | 0.04 | 018 | 001 | 285 35 | 29.8 6.4 64 58 | 0.088
1000kg P 24 | 017 | 043 | 067 | 004 | 017 { 001 | 395 30 | 302 5.9 40 24 | 0.115
5000kg P 24 | 021 | 044 | 066 | 004 | 018 | 001 | 402 | 20 | 309 6.1 33 13 | 0.100
50kg M 25 1 017 | 045 | 070 | 004 | 0.18 | 0.01 | 411 23 | 314 6.2 35 14 | 0.100
150kg M 25 |1 017 [ 045 | 072 | 004 | 018 | 001 | 432 | 28 | 338 5.8 48 37 | 0.099
500kg M 25 | 018 | 044 | 065 | 004 | 018 | 0.01 | 413 1.7 | 334 6.1 31 13 | 0.094
1000kg M 25 | 017 | 044 | 070 | 005 | 018 | 001 | 414 | 23 | 305 6.2 37 19 | 0.093
5000kg M 25 | 018 | 044 | 065 | 005 | 018 | 001 | 419 | 45 | 301 6.1 52 35 | 0.098
50L 24 | 017 ) 046 | 070 | 005 | 018 | 001 | 456 | 38 | 362 6.3 54 36 | 0.104
100L 24 | 017 | 045 | 074 | 004 | 018 | 001 | 424 | 29 344 | 63 40 26 | 0.094
300L 24 | 017 { 044 | 068 | 004 | 0.18 | 001 | 500 1.7 | 304 5.8 35 7 0.109
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Appendix llfa. Concentration of nutrients in canola 20 d after emergence on a Luvisol soil in 1999,
Treatment N (%) K (%) S (%) Ca (%) Mg (%) | Cu(ppm)| Zn (ppm) | Fe (ppm) | Mn (ppm)
0P, No humic acid 4.95 4.60 1.30 2.68 0.49 4.73 34.40 283 34.3
6.5P, No humic acid 4.33 4.00 1.00 2.33 0.42 4.30 28.10 240 45.9
13P, No humic acid 4.96 3.80 1.00 2.54 0.49 4.35 30.50 284 54.2
20P, No humic acid 4.82 3.93 0.97 2.59 0.45 4.15 27.40 236 52.0
0P, 12L ha™ L45 4.70 4.71 1.25 2.63 0.48 4.75 36.00 351 38.5
6.5P,12L ha' L45 4.31 4.09 1.08 2.57 0.43 4.28 28.90 225 452
13P,12L ha' L45 4.74 4.1 0.99 2.55 0.46 4.15 28.80 261 52.5
20P, 12 L ha' L45 4.53 3.69 0.94 2.38 0.47 4.68 31.20 220 55.0
0P,24L ha” L45 4.83 4.67 1.29 2.63 0.45 4.38 36.20 280 36.1
6.5P, 24 L ha' L45 4.56 3.98 0.99 2.53 0.45 4.53 29.20 - 280 44.3
13P,24 L ha' L45 4.21 4.03 1.06 2.52 0.44 4.55 29.60 221 45.9
20P,24L ha'L-45 4.34 3.83 1.01 247 0.47 4.20 31.20 278 54.5
0P, 12L ha” L-52 4.36 4.48 1.28 2.59 0.46 448 33.50 282 36.4
6.5P,12L ha™ L-52 4.49 3.84 1.07 245 0.46 4.27 29.80 221 443
13P,12L ha'L-52 4.35 3.79 0.98 245 0.46 4.35 27.00 276 49.9
20P,12 L ha' L-52 4.46 3.73 0.95 2.38 0.46 4.20 29.80 310 53.3
0P, 241 ha' L-52 4.80 4.64 1.36 2.64 0.48 475 36.20 270 34.6
~65P,24L ha” L-52 4.16 3.89 1.06 247 0.44 4.38 30.90 300 50.5
C13P,24L ha™ L-52 4.20 3.81 1.00 246 0.46 4.00 28.50 256 50.4
20P,24 L ha'L-52 4.28 4.04 0.99 2.45 0.42 4.28 30.00 240 50.9

‘{Appendix llib. Concentration of nutrients in canola 35 d after emergence on a Luvisol soil in 1999.

Treatment N (%) K (%) S (%) Ca (%) Mg (%) Cu(ppm) Zn(ppm) Fe {ppm) Mn (ppm)

0P, No humic acid 4.91 279 0.85 2.83 0.38 343 24.0 117 34.3
6.5P, No humic acid 4.55 2.95 0.69 2.61 0.34 3.68 21.0 84 397
13P, No humic acid 4.51 2.94 0.73 2,62 0.39 3.78 22.7 93 43.9
20P, No humic acid 4.65 2.85 0.74 2.71 0.35 4.00 22.1 100 48.3
0P,12L ha' L45 4.84 2.82 0.78 2.62 0.36 3.18 23.7 97 35.8
8.5P,12L ha' L-45 4.64 2.95 0.70 2.47 0.35 3.43 20.0 89 38.7
13P,12Lha' L45 . 4.49 2.57 0.72 2.68 0.37 3.95 20.0 94 43.5
20P, 12L ha™ L45 4.55 2,94 0.69 2.56 0.38 3.98 22.2 91 47.3
0P,24 L ha' L45 5.20 2.98 0.86 2.81 0.39 3.78 29.6 100 33.6
6.5P,24 L ha' L45 4.20 3.04 0.67 244 0.37 3.70 18.4 94 37.3
13P,24L ha™' L45 4.60 2.80 0.71 2.60 0.34 3.63 21.3 96 40.3
20P,241L ha™' L45 4.32 2.83 0.73 2.54 .0.39 4.03 24.9 91 45.8
oP,12L ha’' L-52 4.85 2.76 0.85 2.72 0.37 3.48 23.1 114 35.1
6.5P,12L ha' L-52 4.83 2.86 0.69 2.41 0.36 3.65 211 85 38.7
13P,12L ha' L-52 4.41 2.80 0.67 2.44 0.33 4.13 229 95 45.8
20 P, 12 L ha' L-52 - 4.07 2,79 0.68 2.51 0.38 4.00 22.5 91 43.9
0P, 24L ha'L-52 4.98 2.77 0.82 2.70 0.38 3.28 223 108 32.6
6.5P,24L ha" L-52 4.60 2.72 0.65 2.44 0.34 415 20.4 86 39.8
13P,24 L ha' L-52 4.72 2.88 0.72 247 0.37 3.90 19.2 90 43.9
20 P, 24 L ha' L-52 4.01 2.89 0.70 2.62 0.34 3.65 19.8 79 43.2
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Appendix Illc. Accumulation of nutrients in canola 20 d after emergence on a Luvisol soil in 1999.
Treatment N (g) K{(g) S (g) Ca (9) Mg (g) | Cu(ppm)| Zn (ppm) | Fe (ppm) | Mn (ppm)

0P, No humic acid 0.10 0.09 0.02 0.05 0.01 9 190 562 87
6.5P, No humic acid 0.25 0.23 0.06 0.14 0.02 25 487 1285 263
13P, No humic acid 0.23 0.18 0.05 0.12 0.02 - 20 580 1362 261
20P, No humic acid 0.27 0.21 0.06 0.18 0.03 24 521 1401 303
0P,12Lha'L45 0.15 0.14 0.04 0.08 0.01 14 252 1188 121
6.5P,12L ha™' L45 0.18 0.18 0.05 0.11 0.02 18 521 983 193
13P,12L ha' L45 0.30 0.25 0.06 0.16 0.03 26 455 1780 349
20P,12L ha' L-45 0.26 0.21 0.05 0.14 0.03 27 582 1264 317
0P,24L ha'L45 0.13 0.13 0.04 0.07 0.01 12 338 761 99
6.5P, 24 L ha' L45 0.21 0.18 0.05 0.11 0.02 20 269 - 1214 196
13P,24 L ha' L45 0.19 0.18 0.05 0.12 0.02 20 468 1050 218
20 P, 24 L ha' L45 0.28 0.25 0.07 0.18 0.03 27 727 1794 350
0P, 12LhatL-52 0.12 0.13 0.04 0.75 0.01 12 173 808 106
6.5P,12L ha' L-52 0.19 0.16 0.04 0.75 0.02 17 431 915 176
13 P, 12L ha' L-52 0.19 0.17 0.04 0.11 0.02 19 420 1224 223
20 P, 12 L ha”' L-52 0.26 0.21 0.05 0.14 0.03 23 594 1827 312
0P,24Lhat'L-52 0.15 0.15 0.04 0.08 0.01 15 229 857 110
6.5P,24L ha L-52 0.30 0.28 0.08 0.18 0.03 31 464 2130 363
13P,24L ha” L-52 0.28 0.25 0.07 0.16 0.03 25 492 1734 333
20P, 24 L ha' L-52 0.26 0.24 0.06 0.15 0.03 26 569 1487 317

Appendix llld. Accumulation of nutrients in canola 35 d after emergence on a Luvisol soil in 1999.
Treatment N (g) K(g) S{g Ca(g) | Mg(g) | Cu(ppm)| Zn (ppm)| Fe (ppm)| Mn (ppm)

0P, No humic acid 0.38 0.22 0.06 0.22 0.03 27 64 925 273
6.5P, No humic acid 1.05 0.68 0.15 0.59 0.07 82 166 1928 923
13P, No humic acid 1.14 0.73 0.18 0.65 0.09 A 141 2340 104
20P, No humic acid 1.09 0.66 0.17 0.62 0.09 97 156 2369 1175
0P, 12Lha' L45 0.52 0.31 0.08 0.28 0.04 34 115 1014 380
6.5P,12Lha' L45 1.17 0.76 0.18 0.64 0.10 86 124 2344 993
13P,12Lha'L45 1.03 0.58 0.16 0.60 0.09 90 183 2195 1009
20P,12L ha’ L45 1.30 0.76 0.17 0.66 0.10 103 182 2385 1263
O0P,24Lha'L45 0.56 0.32 9.00 0.31 0.04 41 09 1090 368
6.5P, 24 ha' L45 0.59 0.43 0.09 0.35 0.07 56 134 1399 544
13P,24Lha'L45 1.00 0.60 0.14 0.55 0.09 78 131 2004 899
20P, 24 ha' L-45 1.30 0.84 0.22 0.76 0.11 120 204 2757 1409
O0P,12Lha' 52 0.36 0.20 0.06 0.21 0.03 26 98 826 281
6.5P,12L ha' L-52 0.98 0.53 0.12 0.50 0.07 71 120 1702 775
13P,12L ha' L-52 0.82 0.51 0.12 045 0.06 76 120 1775 853
20P,12Lha” L-52 1.07 0.74 0.17 0.66 0.09 104 171 2389 1168
0P,24L ha' L-52 0.45 0.27 0.08 0.27 0.04 32 114 1012 317
6.5P, 24 ha” L-52 1.04 0.61 0.14 0.55 0.08 92 223 2004 903
13P, 24 Lha’ L-52 1.23 0.76 0.18 0.63 0.10 102 186 2347 1161
20P, 241 ha' L.52 1.15 0.83 0.20 0.75 0.11 106 184 2289 1262
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Appendix IVa. Concentrations of Zn (ppm) in wheat tissue on a loamy sand soil after foliar Cu application.

Rate and Method of Cu Application (kg ha")

Cu Source 0.2 0.4 0.6
CuCl2 23.9 247 238
EDTA 252 25.0 217
F.A.-1 26.4 26.5 22.1
F.A.-2 31.1 23.7 217
F.A.-3 247 227 26.4

Control 25.1

Appendix IVb. Concentrations of Fe (ppm) in wheat tissue on a loamy sand soil after foliar Cu application.

Rate and Method of Cu Application (kg ha™)

Cu Source 0.2 0.4 0.6
CuCl2 133 119 129
EDTA 143 118 117
F.A.-1 135 103 111
F.A.-2 133 116 123
F.A.-3 120 116 124

Control 129

Appendix IVc, Concentrations of Mn (ppm) in wheat tissue on a loamy sand soil after foliar Cu application.

Rate and Method of Cu Application(kg ha")

Cu Source 0.2 0.4 0.6
CuCi2 41.6 53.2 48.2
EDTA 54.7 46.9 46.8
F.A-1 46.6 40.9 41.6
F.A.-2 46.9 451 41.8
F.A.-3 49.5 45.1 49.1

Control 45.7
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Appendix Va. Concentrations of Zn (ppm) in canola on a loamy sand following Cu application.

Application Method

Zn Source Broadcast Banded Foliar
ZnCi2 26.0 221 26.9
Zn-EDTA 29.5 29.9 25.8
Zn-H.A. 224 227 18.1
Zn-F.A. 24.2 29.8 32.2
Control 24.6
Appendix Vb. Concentrations of Fe (ppm) in canola on a loamy sand following Cu application.
Application Method
Zn Source Broadcast Banded Foliar
ZnCi2 55.0 42.8 45.2
Zn-EDTA 49.3 46.8 56.5
Zn-H.A. 52.0 56.1 47.7
Zn-F.A, 50.1 59.9 59.7
Control 76.6
Appendix Vc. Concentrations of Mn (ppm) in cancla on a loamy sand following Cu application.
: Application Method
Zn Source Broadcast Banded Foliar
ZnCi2 160 169 162
Zn-EDTA 178 164 159
Zn-H.A. 147 143 122
Zn-F.A. 151 185 176
Control 177
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Appendix Via. Concentrations of Cu (ppm) in canola on a loamy sand following Zn application.

Application Method

Zn Source Broadcast Banded Foliar
ZnCi2 3.00 2.94 3.18
Zn-EDTA 2.88 3.01 3.64
Zn-H.A. 2.92 2.66 277
Zn-F.A, 3.08 3.1 2.94
Control 2.93
Appendix VIb. Concentrations of Fe (ppm) in canola on a loamy sand following Zn application.
Application Method
Zn Source Broadcast Banded Foliar
ZnCl2 58.2 55.0 73.4
Zn-EDTA 55.8 51.8 69.1
Zn-H.A. 78.1 54.1 56.1
Zn-F.A. 64.3 126.4 203.7
Control 52.1
Appendix Vic. Concentrations of Mn (ppm) in canola on a loamy sand following Zn application.
Application Method
Zn Source Broadcast Banded Foliar
ZnCl2 135 133 143
Zn-EDTA 121 142 139
Zn-H.A, 127 126 132
Zn-F.A. 146 139 133
Control 139
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Appendix Vlla. Accumulations of Zn {ppm) in canola tissue on a loamy sand following Cu application.

Application Method

Cu Source Broadcast Banded Foliar
Cuci2 424 364 379
Cu-EDTA 467 427 338
Cu-H.A. 356 333 291
Cu-F.A. 380 456 400
Control 343
Appendix Vlib. Accumulations of Fe (ppm) in canola tissue on a loamy sand following Cu application.
Application Method
Cu Source Broadcast Banded Foliar -
CuCl2 893 701 633
Cu-EDTA 776 668 738
Cu-H.A. 830 835 754
Cu-F.A. 792 917 739
Control 1071
Appendix Vilc. Accumulations of Mn (ppm) in canola tissue on a loamy sand following Cu application.
. Application Method
Cu Source Broadcast Banded Foliar
CuCi2 2641 2787 2287
Cu-EDTA 2847 2332 2075
Cu-H.A. 2361 2135 2011
Cu-F.A. 2388 2839 2208
Control 2479
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Appendix Villa. Accumulations of Cu (ppm) in canola tissue on a loamy sand following Zn application.

Application Method

Zn Source Broadcast Banded Foliar
ZnCl2 427 41.4 36.5
Zn-EDTA 36.5 47.7 47.9
Zn-H.A. 43.8 37.6 37.4
Zn-F.A. 43.6 42.4 34.0
Control 447
Appendix Vllib. Accumulations of Fe {(ppm) in canola tissue on a loamy sand following Zn application.
Application Method
Zn Source Broadcast Banded Foliar.
ZnCi2 823 771 831
Zn-EDTA 694 812 957
Zn-H.A. 1177 760 758
Zn-F.A. 928 1742 2101
Control 794
Appendix Vlllc. Accumulations of Mn (ppm) in canola tissue on a loamy sand following Zn application.
Application Method
"Zn source Broadcast Banded Foliar
ZnCi2 1929 1880 1661
Zn-EDTA 1492 2222 1833
Zn-H.A. 1919 1780 1793
Zn-F.A. 2068 1903 1531
Control 2128

151




Appendix {Xa. Accumulations of Zn {mg pot™) in durum wheat tissue on a Luvisol soil.

Application Method

Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
L Source and Rate 0 250 500 0 250 500
0L-31 135 232 106 117 209 279
100 ppm L-31 192 275 194 105 220 233
400 ppm L-31 131 256 138 107 200 153
0 Humic Acid 135 232 106 117 209 279
0.05 uL g” Humic Acid 99 238 107 125 201 190
0.2 uL g Humic Acid 82 239 113 96 224 121
Appendix IXb. Accumulations of Mn (mg pot™) in durum wheat tissue on a Luvisol soil.
Application Method
Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
L Source and Rate 0 250 500 0 250 500
0 L-31 160 3074 4942 116 955 2128
100 ppm L-31 181 2523 5944 123 907 2474
400 ppm L-31 149 2283 5852 142 932 2422
0 Humic Acid 160 3074 4942 120 955 2128
0.05 uL g™ Humic Acid 131 2659 3404 141 988 2166
. 0.2 uL g™ Humic Acid 93 2265 3882 89 1133 1533
Appendix IXc. Accumulations of Cu (mg pot") in durum wheat tissue on a Luvisol soil.
Application Method
Broadcast Banded
Rate of N (ppm) Rate of N (ppm)
L Source and Rate 0 250 500 0 250 500
0 L-31 19.3 15.0 11.8 12.9 15.5 14.5
100 ppm L-31 24 .4 12.9 12.8 14.3 1.7 17.7
400 ppm L-31 29.6 7.8 8.9 21.2 15.3 20.2
0 Humic Acid 19.3 15.0 11.8 12.9 15.5 14.5
0.05 uL g™ Humic Acid 15.6 10.9 8.4 17.3 19.2 14.6
0.2 uL g™ Humic Acid 14.3 17.3 6.4 12.0 14.9 7.8
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