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ABSTRACT

Dilk, sean Brian. M.sc. The university of Manitoba, october 2002. Asronomic
Evaluation of Leorrardite on Yield and Chemical Composition of Canãiããd \^¡heat.
Major Professor; Geza L Racz.

Studies rvere conducted on the agronomic potential of leonardite affecting the

emergence, chemical composition, and yield of canola and wheat. Fertilizer use

eff,rciencyrvas also evaluated. Field studies assessed the soil application of leonardite as

a b¡oadcast 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 significant' 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. zjnc

(Zn). Tteatments were applied as a broadcast, band, or foliar application and were

compared to Zn-ot Cu-EDTA and an inorganic form of fertllizer. Fulvic and humic acid

were ineffective when soil applied; however, Cu- or Zn-fulvicacid 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 applie d, at 0.2,0.4,



and 0'6 kg ha-l Cu. Cu-fulvic acid improved the Cu concentration of rvheat tiss'e versrrs

Cu-EDTA but rvas inferior to CuCi2. Finai yreld and biomass of the CuC12 treatment rvas

superior to all treatments while the Cu-flllvic acids were similar to Cu-EDTA. A final

growth chamber study r.vas conducted on the effectiveness of leonardite in reducing

cadmium (Cd) concentration of durum wheat tissue. Nitrogen QlI¡ fertilizer was applied

as urea and the leonardite was applied to the surface of the üea 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 r,vheat

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 concentration only when applied to the surface of the N fertilizer.

lll
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1. INTRODUCTION

Leonardite is a naturally occurring material enriched in humic and other organic

acids and is def,ined 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 aI.1998). The increase in root growth due to the

application of leonardite 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 Nopamombodi IgTg). Zaifuejadet 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.

lgTg). In other studies, the application of lignite was found to be ineffective in

increasing the yield of corn and bean (Adriano et al. 197g).



Application of leonarclite 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 Ig76). The application of ieonardite on a

loamy sand incleased the P concentration of corn plants (Duplessis and Mackenzie 19g3).

Micronutrient concentration of crops has also been enhanced with the application of

leonardite. hon (Fe) concentration in tomato r.vas 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

c'ù, zn, Mn, and Fe concentrations of wheat seedlings (Moris 19g5).

Generally, the studies conducted to date showed highly variable effects of

leonardite. ln some studies, leonardite increased yields and/or altered the chemical

composition of crops. In other studies, leonardite and|or its products had virtually no

effect on yield andJor chemical composition. Our study was conducted to evaluate the

agronomic potential of leonardite to improve crop production in Manitoba. yield,

chemical composition of grain, phytoavailabilify of micronutrients, and efficiencv of p

fertllizer 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 leonardite on the emergence of canola on poorly strucfured soils.

3) whether or not addition of humic acid to aP fertllizer band can improve p fertilizer
use eff,rciency.



4) lvhether or not humic or fulvic acid can improve chelation and plant availability of Cu
andZn.

5) rvhether or not application of leonardite can reduce the concentration and
accumuiation of Cd in durum wheat.

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



2. LITERATURE REVIEW

2.I HUiVIIC 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

rveathering 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 complex 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 substances provide a surface for metal adsorption. The

adsorption of a soluble free 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 huinin. 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' i998). Fulvic acids is the fraction of humic substances that is water soluble

at all pH values (Sanchez-Andreu et ai.. I994),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

a1.1982). 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 enzqe synthesis. Addition of potassium

humates and fulvic acids to tobacco seeds stimulated respiration (Csicsor et al.1994),

which enhanced germination.

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

germination. Petrovic et aL. (1982) discovered that high concentrations of humic exïracrs



inhibited germination. Piccolo et al. (1992) found thar humic acid derived from oxiclizecl

coai had no effect on germination of lettu ce (Lacrttga sativct) or tomato (L v-copersict,n

esculentum). Vaughan and Malcolm (1985) concluded that fulvic acid, at a concentration

of 100 mg L-l , had no effect on germination of whe at (Triticttnt aestivt¿nt)or barley

(Hordeum vttlgare).

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 required for seed germination.

Humic Substances and Emergence

Nuttal (1970) studied the effect of organic amendments on the emergence of

rapeseed (Brassica napus) and found that organic amendments improved plant

emergence by as much as threefold. The enhanced emergence was shown to be due to

improved soii physical properties indicated by a reduced modulus of ruoture.

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. 199g), corn

(zea mays) (Tan and Nopamornbodi 1979), bean (Schnitzer and poapst lg67),and wheat

(Tritiutm aestivum) (Malik and Azam 1985). Tan and Tantiwiramanond (19g3) found

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



acid for soybean (Gttcine tncr.r), peanut (.'!rucltis hv'pogrteu). ¿urcl clover (Trifoliunt

vesiailosttm).

Humic materials affect the morphology of roots. Appiication of humic acid

caused roots to be highly branched'"vith proliferant root hair development (Lee and

Bartlett 1976). Linehan (I976) found that the main axis extension and the development

of laterals, as 
"vell 

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 Lg76).

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 (i959) discovered that foliar application of fulvic

acid significantly increased the fresh and dry weight of roots in Begonia s (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'Donnell1972), 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 permeability of the cell membrane of the root, resulting in greater

absorption of water and nutrients (Cheng lg77).



Application of hLunic acid has caused cells to extend their grorvth 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 (I977) also suggested that the grorvth of roots r,vas due

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

Humic Substances and Shoot Grolvth

Humic substances have positive effects on plant shoot growth (N4oris 19g5, Elgala

et al. 1978). Corn dry matter was significantly increased with addition of leonardite

(Duplessis and Mackenzie 1983, Tan and Nopamornbodi lg79). Humic acid, derived

from leonardite, significantly increased. the fresh and dry weight yields of tomato by g%

and9%o, respectively (Adani et al. 1998). Tan and Binger (1986) discovered that dry

matter production of corn plants increased by 32.5 to 42.So/owith 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 (Zaifi:'ejad et al. 1996) while humic acid increased seedling growth of wheat, by

30%o and 33o/o, on a fresh and dry weight basis, respectively (Malik and, Azam i 9g5).

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 (phaseoltts vulgaris)



""vhen applied to a noncalcareolls soil. When tire coal ,.vas applied to a calcareous soii, no

effect on bush bean growth r,vas observed. Coal and sulphomethylated coal (coal that has

been processed for greater N content and solubility) had no effect on grorvth ofbarley

(Cairns and Moschopedis I970) 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 (Ig7il)discovered that application of humic acid to

a soil high in organic matter gave a slightty negative response in corn growth. piccolo et

al. (1992) found that dry r.veight of lettuce (Lactuga scttiva) did not change with the

application of humic acids.

Humic Substances and Yield

Humic substances and organic amendments increased yields of field crops in

several studies. Duplessis and Mackenzie (1983) found that addition of leonardite to clay

and loamy sand soils increased corn yields. Application of charcoal, coal, and peat

improved the grain yields of iegumes such as moong (ltigna radiata), soybean (Glycine

*ox), 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 strçss on the wheat plants.

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

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



improving cour and bean yields (Adriano et al. 1978). Rorvben-y and collin (lg7l) found

that addition of humic acid did not improve lzield or quality of potatoes. Ho,,vever, this

study i'vas conducted in Ontario on soils that typically have been shown to have high soil

concentrations of Fe and Al. hon and Al may inactivate humic acids by forming water-

stable cements, which may reduce soil permeability (Martin l9ó0, Martin and Reeve

1 960).

[Iumic 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. 199g) and corn plants (Lee

and Bartlett 1976, Duplessis and MacKenzie 1983). Wallace and Romney (19g0) 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

application 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 (Me) 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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nletal so that the metal remains r.vater-soluble and is less likely to participate in

precipitation or adsorption reactions.

Humic or fulvic acids have also been shown to improve the root,s ability to

absorb nutrients. Cheng (1977) concluded that the application of humic or fulvic acids

increased the permeability of the cell membrane of the root resulting in greater uptake of

nutrients. Var-rghan and MacDonald (L976) 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 rvill increase

root exploration and consequently nutrient uptake by plants.

Humic acids improved solubilizationof precipitated nutrients (Sinha Ig72),

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. I97g).

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 19g0).

Vaughan and Macdonald (1971) found that the addition of humic acids to a soil

decreased the uptake of Cl in beet (Beta vulgaris).

Tan and Nopamombodi (1979) found that humic acid decreased the p

concentration in corn plants. They suggested that the reduction in p concentration was
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due to the reaction of P with the phenolic iìrnctional groups on the huuric acid ion,

altering the ionic behavior of the phosphate anion. StLrdies have shorvn that humic

substances are capable of forming compiexes with P that are unavailable to the plant.

Saeed (1978) discovered that p content of thickspike r,vheatgrass was significanily

reduced in the presence of leonardite, due to adsorption of P by the leonardite. The

subsequent desorption of P from leonardite was lor.v 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 rvith 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 signihcantly increased the Fe uptake by barley (Elgala er

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

Znby rice and wheat significantly increased with the addition of fulvic acid. Maneanese
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concentration of btrsh bean plants w'as enhanced,.vhen por.vdered coai rvas added to an

acidified soil (Wallace and Romney i980). The increase in lVfn uptake rvas believed to be

due to the acidification of microregions due to the lor,v pH of the powdered coal.

I¡creases in acidity r'vill 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 r'vhen humic acids were added to a soil high in calcium carbonate (Mehvally 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 com and bush beans. The same study showed that the coal ash had

increased the concentration of B in plants to toxic levels (Adriano et al. 197g).

The increase in micronutrient composition of plants with humic acids and other

organic amendments may be due to an increase in rootin g arcaarising from improved

permeability of the root cells (Cheng 1977) or a hormonal effect (O'Donnell lg72).

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

1a
IJ



concentration in bean and corn plants decreasecl r.vhen coal by-products were addecl

(Adriano et al' 1978)' Elgala et al. (1978) foLrnd that rhe addirion of humic acid reduced

the Zn concentration and uptake at low soil solution concentrations of Zn, and at high

levels of Zn the hurnic acid protected the barley plants from Zntoxicity (Elgala et al.

1978)' In the same study, humic acid protected the barley plants from Fe toxicity (Elgala

et al' i978)' Addition of humic acid decreased the activity of Cd near the corn root br.rt

did not affect the translocation of Cd within the com plant (Tyler and M.Bride 19g2).

The reduction in micronutrient composition of plant species may be due to the

fonnation 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 (H2poa- and Hpoa2-). 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. i993). The non-labile P pool has the ability to replenish the labile pool

when depleted, but this occurs at avery slolv rate. The labile and the non-labile pools

contain inorganic and organic p.
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Phosphorus fertilizers are numerous and inclr-rcie 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). Holvever, the efficiency of P fertilizer is low with appro ximately 20o/o

of P applied being used by crops in the first year (Hammond 1997). The reasons for poor

P effrciency 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 (i983) found that the addition of

leonardite, an oxidized lignite, increased corn felds due to an increase in p levels in the

plants which was directly associated with leonardite application. yang et al. (19g5)

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

V/ang (1988) discovered that addition of humic substances to monoammonium phosphate

CI\rfI4H2POa) significantly reduced fixation of the added P by an alkaline soil. The

reduction in f,rxation 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 rvas greater than without humic acid.
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Vaughan and MacDonald (1971) concluded that addition of hr-rmic acids to p

fertilizer increased the concentration of plant P. Improved Lrptake of p r,vas due to

competition between the negatively charged functionai groups in the humic acid and the

phosphate anion for adsorption sites as well as complex formations with cations.

Organic matter has been shor.vn to increase the availability of soil p and rock

phosphate (Dalton et aL' L952) due to increased microbial activity when organic matter is

added to soils. Certain metabolic products of microbial decomposition form stable

complexes r'vith 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 197g).

Leonardite application signif,rcantiy 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 (Saeed tgTB).
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f{urnic Substances and Soil p Solubility

Humic substances dissolve precipitated phosphates (Sinha lgTZ) and thereby

enhance P avaitability (Bermud,ez 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 (Mart inez etal. 1984) and thereby contributed ro

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).

I{umic Substances and F 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

(V/ang et al. 1995, Grossl and Inskeep 1991). The formation constant of dicalcium

phosphate dihydrate (DCPD) crystals without humic or fulvic acids was g.7 L2 mol-r m-I

s-1- when humic acid was added the formation constant was reduced to 1.1 L2 mol-l m-t

s-l and when fulvic acid was added the formation constant was further reduced to 0.1 L2

mol-l m-l s-r. 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 Inskeep 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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betr'veen organic matter fLrnctional gïolrps and Ca. Complexation of Ca by organic matter

reduced tire concentration of Ca in solution that rvas avaiiable for reaction with

phosphate' Leaver and Russell (i957) also reporred 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 A1 with phosphorus produces

phosphate precipitates that are only sparingly soluble and available to plant species. The

most impoftant 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). Sr,venson et al. (1949) concluded

that certain organic anions greatly reduce the amount of phosphate precipitated by Fe an¿

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 i950). 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 ftrlvic acids) diminish the adsorption of p (Sibanda

and Young 1986) by competing strongiy',vith the phosphate ion for soil 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 surface, 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 (H3pOa) will

participate in fewer fixation reactions within soil.

ln particular instances, P adsorption has been enhanced with application of humic

acids (Wild 1950). Three reasons have been 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 
"vould 

decrease electrostatic repulsion betr.veen negative charges on borders.

Phosphorus may then interact with the active sites in the clay (Bermudez et al. 1993).

The effect of olganic acids on phosphate adsorption is related.to pH. Oxaiic acid

r'vasfoundtoreducephosphateadsorptionatpH of 5.7 to5.8. Horvever,atpH of7.9to

8'0, oxalic acid was only as effective as Cl- in reducing phosphate adsorption (Kafkafi et

al' 1988). Possible explanations of the aboveresults are: First, atpH 7.9 allof the

oxalate ions are completely dissociated (Lopez-Hernandez et al.I979)while the

phosphate prevailed as HzPo+-' At alkaline pH, oH- can exchange for Hzpoq- 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.

Lopez-Hernandez 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 at. (1979) found the desorption of

phosphate from an acid soil was minimal at neutral pH. At high 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. L979). Organic

anions generally are dissociated and negatively charged at pH greater than 6.5, therefore.
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tiie ability of the organic anions to release adsorbeil phosphate may be negligible in soils

r'vith ner:tral to arkarine pH (Lopez-Hernande z et a1. rgTg).

A¡senate 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'uvith increases in pH. Arsenate is believed to

compete '"vith the specifically adsorbed phosphate. However, the effectiveness of anion

competition is also related to the accompanying cations (Barrow rg72). As the cation

distance from the soil surface increases, the effectiveness of competition by the anion

also increases. Barrow (1972) found that the effectiveness ofarsenate decreased in

presence of cations in the following sequence: Li, Na, K. Therefore, the amount of

potassium 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 canbe 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

fonnation and stabitity of these complexes results in a low fertilizer use efficiency of

micronutrient fertilizers. Plant recovery of micronutrient fertilizers is typically between 5

and l}Yo (Morrvedt 1994).

Humic Substances and Metal Bonding

Humic and fulvic acids are adsorbed by clays and the adsorption is due to the

association between the organic acids and polyvalent cations at the clay surface

(Greenland r97L)' 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 competitive for metal adsorption at alkaline pH (Hatton and pickering l9g0).

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 coefficients) for humic acid is Cu2* > Cd2* > Znz* > Ca2*. The half lives of

the sorption process change very little with increasing concentration for Cu2* and Cd2*.

Howevet, as the concentrati on of Zn2* and Ca2* 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.Znmetal ions through

competing ions. The uptake of one of these metals is inversely 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

{\976) discovered that humic acid forms complexes with both Zn and,Cu. In this studv-
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humic acid complexed Zn and rendered the Zn unavailable to the plant. Hor,vever, ,uvhen

bothZn and Cu were in solution, humic acid had a prefèrence for Cu. Humic acid

formed a complex lvith cu resulting in an increase in Zn uptake.

Humic Substances and Micronutrient Availabilify

Humic substances have been shor.vn 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 (pueraría

phaseoloídes) (Moris 1985). in this particular study, fulvic acids rvere 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 fertllizer use efficiencv.



One of the most irnportant properties of soil humic acids is their ability to interact

lvith metal ions to form metal-inorganic complexes of differing stability and structural

characteristics (Senesi et aI. 1986). The stability of metal complexes.with humic

substances depends on the pH of the soil. Generally, the stabilìty of a metal complex

lvith 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 thepH of

soil increases, the complexation of metals by humic substances generally decreases

(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 clay counter ions (Hatton and pickering 19g0).

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 1gg6)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. I976)

Fulvic acid forms stable complexes with metal ions. Cheam and Gambl e e97a)

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 bypH. For Hg

complexes the stability constants (1og 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 (1og K) for the Cu complexes rvere 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 Fe3" ions (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 ar. 1997, Goodman et al. l99l). At low Fe

concentrations, Fe appears to be very strongly bound to the fulvic acid (Goodman et al.

i991). However, when the Fe content approaches 7-2yo, some uncomplexed Fe3* 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 Fe3* oxides

(Kodama and Schnitzer 1977). However, this is dependent upon the form in which the

Fe3* exists initially, the quantity of fulvic acid present, and the pH. Th¡ee forms of Fe are

produced in the presence of fulvic acid, a sextet from magnetically dilute Fe3*, a doublet

from Fe2*, and a doublet from Fe3* where the later may come from both organic
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complexes and poorlycrystailine oxide species (Gooclman et al. 1991). The addition of

fulvic acid results in the reduction of the Fe from Fes- to Fe2- (Goociman et al. t991)

increasing the availability of Fe to plants.

Humic Substances and Fe phytoavaitability

Addition of humates have improved the efñciency 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 Fe. 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. lgTB) 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 tlpe of site within a soil system and the strength

of the bonding befween 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 action of the humic acids blocking carboxylic,

phenolic or both functional goups (Davies et al. 1969) used to fix cu2*.

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 i976). Cheam
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and Gamble ( 1974) discovered that the log K values for Cu ftrivate complexes were 3.22,

3'72, and 4.35 at a pH of 3,4, and 5, respectively. Cu2* has been shown to form a stable

complex r'vith porphyin (Goodrnan 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

r97 6).

Adhikari and Ray (Ig7s)discovered that modifications of humic substances affect

the stability of Cu2* complexes. Stability constants rvere higher for Cu complexed r,vith

the phosphorylated humic acid compared to Cu2--humic acid. This was due to bonding

of Cu by both the phosphate ion and the oxygen donor gïoups from the h¿mic acid

(Adhikari and Ray Ig75).

The stability of Cu-humic acid increases with pH (Adhikari and Ray Ig7 5) due to

two factors. At low pH the H* ions compete with the Cu2* 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 þpe of bonds

are formed (Adhikari and Ray Ig75).

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 Cu2* ion and the humic acid ligand is stronger than that of HzO as a ligand (Boyd

et al. 1983). The formation of the humic acid complex with Cu is primarily of two t¡pes,

the polyvalent metal cation can be bound to two carboxylic (COOH) groups or the

polyvalent cation is bound to a single CooH goup and to a phenolic oH group

(Schnitzer 1969).
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Reaction bet'uveen Cu and the oxygen functionalgroups of humic acid are

primariiy r'vith oxygen of carboxylic or phenolic functional groups (Boyd et al. l9g 1).

The bonding can take place with or without the formation of a chelate ring (Boyd et al.

1981)' The bonding between Cu2* and the humic acid oxygen donor groups is through a

unidentate complex (Boyd et al. r981) and forms the chelate ring.

Electron Spin Resonance (ESR) has shown that Cu2+ forms inner sphere

complexes',vith humic acid ligands containing oxygen donors (Boyd et al. 19g1). The

Jahn Teller Effect (Cotton and Wilkinson 1995) results in Cu2* binding axial ligands

weakly. This may enable the humic acid to displace axial aqua (HzO) goups from Cu2*

resulting in the formation of an inner sphere complex (McBride I}TB). McBride (197g)

also suggested that there was no direct evidence for the formation of more than a single

bond between humic acid and Cu2*. However, Boyd et al. (1981) discovered, through

ESR, that the mechanism of Cu2* 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 czs-positions in the square plane of

Cu2* (Boyd et al. 1981). The authors suggested that the Cu2* 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 (Ko¿r) for cu

adsorption onto humic acids are approximat ely 2 x 104 (Ashley 1996). Large K¿¿5 âr€

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 sLrggesting that greaterK¡¿5âre

associated r,vith pirenolic and methoxylated aromatic gïoups (Ashley 1996).

Fulvic acid also has a high binding capacity wirh Cur* (Senesi et al. l9g6). The

bond betr'veen fi-rlvic acid and Cuz* is derived from both oxygenated and nitrogenated

functional goups. ESR spectra suggests that Cu2* complexation by fulvic acid is through

inner-sphere, polydentate complexes, rvith the Cu2* coordinated equatorially by

oxygenated and nitrogenated fulvic acid ligands (Senesi et al. i9g5). As the amount of

Cu2* that is complexed increases, the greater is the formation of less reactive functional

groups of fulvic acid with Cu2*. This results in formation of weaker complexes (Senesi et

al' 1985) between Cu and ftilvic acid as the concentration of Cu increases. Gamble

(1970) reported that there are fwo types of COOH groups in flilvic acids, one group with

aK^of 2.2 x 10-3 and the second g,oup with a Ku of 2.5 x 10-s. Gamble (1970) also

reported that it is likely that amaximum of two acidic gïoups 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. 19g4). However, this trend

was very slight and the control of Cu availability was primarily due to pH, with humic

acid having only a secondary 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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FIumic Substances and Zn Compleration

Broadbent and Ott (1957) discovered that the stability of organic matter-Zn

complexes, nteasured formation constant as log K values, varied from 3.4 to 5.6. As soil

pH becornes 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 withznthan fulvic acids (Dkhar et al. 19g5).

The concentration of Zn in relation to humic acid has an influence on the sorption

process (Bunzl et al. L97 6). The half life for the Zn sorption process significantly

decreases as the Zn concentration increases, at a constant level of humic acid. The

adsorption constants (Ko¿r) for Zn are approximately 0.25 x i0a which is a magnitude

lower than for Cu (Ashley 1996). However, the same ftinctional 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 (Ashl ey 1996).

The free energy associated with formation of a Zn-humic acid complex is greater

than for aZn-fulvic acid complex suggesting that formation of Zn-humic acid is

preferred. The formation constant for both humic and fulvic acids with Zn aregreater

than the formation constant oî Znwith inorganic anions such as Cl, Soa-, or Co2-,

suggesting that the formation of humic and fulvic complexes is preferred over the

formation of complexes with inorganic anions (Dkhar et al. 19g5).

Humic substances affect diffusion of Znin soil. Application of increasing

amounts of fulvic acid resulted in greater diffusion of zn(Gupta and Deb 19g5).
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Hor'vever' addition of humic acid resultecl in greater acisorption of Zn resuitins in redrnc.l

mobiiity of the complexed Zn (Wanvick er al. l99g).

Humic substances have affected the uptake of Znby plants. Fulvic acid reduced

the uptake of zn by plant roots and resulted in an accumuiation of znaround 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 I976). The reason for the reduced rate of uptake was due to the

complexation between humic acid and Zn resulting in a lalger molecule that interfered

with adsorption.

Humic Substances and Zn phytoavailability

Application of humic substances to soil has had variable effects onZn

availability. Zinc uptake in rice and wheat increased when fulvic acid was added (Gupta

and Deb 1985); however, Znuptake by barley was unaffected by application of humic

acid (Elgala et al. I978). Humic substances have been shown to protect plants fromZn

toxicity' For example, Elgala et al. (i978) 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 19g5); however,

phytoavailability of Znwas reduced when the addition of humic acids increased

adsorption of znto soil surfaces (Hanafi and Salwa 199g).
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2.4 F{UÞTIC SUtsSTA}'CES A¡{D Cd COIIPLEXATION

Cadmium is a heavy metal that has been associated r.vith a variety of health

proble'rs r.vhen ingested above particular rimits. As a resurt, 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 activitv 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

corn plants once the cd was absorbed (Tyler and McBride 19g2).

Stevenson (1976) determined the stability (log K) of a Cd-humic acid complex

derived from leonardite to be 6.9. Cheam and Gambl e (I974) found that the log K values

for Cd-fulvate complexes v¡ere 3.04 and 3.64 atpH 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. t979). 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

htrmification (Matsuda and Ito I970).

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

presence of humic acid (Bunzl et al. 1976).
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The pH of the soil is an important factor in the fate of C<l in the envirorunent

{Bolton et al. 1996). As the pH of the soil increases, the formation and stabilityof Cd

complexes becomes greater (Bolton 1996) reducing the avaiiability of Cd to piants. The

pH of the soil is also important because of the effect of pH on the dissociation of the

carboxyl grolrps within the humic acid. At pH 4.2 about 8.5%o of carboxyls are

dissociated' while at pH 6.3,80o/o of the carboxyls gïoups 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, sholved that there are four Cd complexes formed in the presence of humic acid:

CdHA*, CdAO, CdH-14-, and CdHB*. The complexation constants for the four species

were log ß: -1 .29,rogß: -5.92,1og ß:-i4.39, and log ß: -3.lz,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

second complex is a2:7 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 adso¡ption of Cd and reduced

mobility of the complexed Cd (Warwick et al. 1998). Campbell et al. (19g7) found that

addition of humic acid to soil results in enhanced adsorption of Cd relative to clay alone.

However, when the Cd in 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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Cd2* (Davis arld Bhatnagar 1994) rvith adsorption of Cd:- increasing r.vith 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, cd2FA:9.8, and cd3FA: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 rvith transition metals, the fulvic acid rvill precipitate

(Brady and Pagenkopf 1978).
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3. EFFECT OF PRE-PLANT APPLICATIONS OF LEONARDITE ON YIELD
AND CHENIICAL COÙIPOSITION OF CANOLA AND WHEAT

3.1 Abstract

A tr.vo-year field study was performed to study the yield and chemical

composition of rvheat 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 fwo soil tlpes, 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). ln the first

year, mine material and powder v/ere applied at five rates, 50, 150, 500, 1000, and 5000

kg ha-r, whereas the liquid leonardite was applied at three rates, 50, 100, and 300 L ha-l.

In the second year, the 50 and 150 kg ha-l treatments of mine material and powder and

the 50 and 100 L ha-l 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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nlateriai' Canola -vield r'vas not affected by leonardite erpplication. Chenrical composition

of rvheat grain rvas not affected by the application of leonardite.

3.2 Xntroduction

Leonardite is oxidized lignite that contains humic substances (Hoffman et al.

1995) and is a precursor to coal. ln 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 com (Duplessis and MacKenzie

1983, Tan and Nopamombodi 1g7g). Coal combustion by-products have increased the

shoot dry matter of wheat (Zaifnejad. et al. 1996) while humic acid (derived from

leonardite) significantly increased dry matter production of tomato by g% and.9%o, on a

fresh and dry weight basis, respectively (Adani et al. 199g). corn yields were

significantly increased with the addition of leonardite (Duplessis and MacKenzie 19g3)

when applied to a loamy sand' Charcoal, coal, and peat were found to improve the srain

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 had not received coal by-product application

(Adriano et al' 1978)' This suggests that the application of coal by-product had no effect

on vield.
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Leonai'dit'.,- tnay also increase tl-ie Lrptake of nutrients by plants. Humic acid,

derived irom leonardite, increased the N and P content of tomato (Adani et al. 199g) and

corn plants (Duplessis and ìvfacKenzie 1983). Wailace ancl Romney (19g0) discovered

that addition of porvdered coal eievated the P and K concentration of bush bean plants in

a calcareous soil. Iron concentration in tomato was enhanced r.vith the addition of humic

acid derived f¡om leonardite (Adani et al. 1998) and Mn concentration in bush bean

plants was increased with addition of coal (Waliace and Romney l9g0). Adriano et al.

(1978) found that coal ash enhanced the concentration of C¡, 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 com and bean (Adriano et al. 197g)

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 ofcoal 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 effects of

leonardite on the govqth, 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 ùtaterials and Ntrethods

Field studies were conducted in 1998 and 1999 determine whether the addition of

leonardite could inclease yield and/or alter the nutrient uptake of wheat 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).

Three forms of leonardite: a mine material, a powder, and a liquid form of

leonardite were studied. The mine material leonardite (L-1a) was the original or

undisturbed form of leonardite 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 charactenzed,as being primarily humic and fulvic

acids. The forms of leonardite used were identical for each site and the charactenzations

of the three forms of leonardite are presented in Appendix I. The laboratory preparing

the various leonardite products used the terms L-74 and.L-11 for identification.

Table 3.1 Characterjstics of
Soíl Tvpe and Year

Soil Characteristic 1999-canola
pH

E.C. (oS m-2)

o.M. (%)

N (kg ha-1)

P (kg ha-1)

K (kg ha-1)

7.7

1.2

5.4

44

30

1200

95

7.7

1.2

65
?n

1200
oÃ

7.5

0.2
ó.o

28

16

347
lrt¡-

7.5

0.2
ó.o

12

19

340
20

7.5

0.2
3.6

to

17

340

1B
E.C. = Electrical Gonductivity
O.M. = Organic Matter
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The rates of leonardite used in this str-rc1y varied rvith rhe vear anrl fon¡ of

leonardite. Various rates of leonardite r,vere lrsed to detennine the effect of residual and

annuai applications on productivity of canola and wheat. Rates of leonardite by year are

presented belor,v (Table 3.2).

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 occurred 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

Chernozem soil in 1998 was applied as a pre-plant band. For the 1999 field season, N

was applied as a broadcast post-plant 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

Table 
?.2=Applicalio! raf

Mine Material (kg ha-r)
1qn

500
1 000
5000

Powder (kg ha-]) 50
lÃn
500

1 000
5000

Liquid (L ha-') Ãar

100
300

50
100
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âs a broadcast post-plant treatn-ìent. Nitrogen rvas applied as urea, p as monoammonium

phosphate, and S as ammonium sulphate. Rates of nutrients applied are summarized in

tire table belorv (Table 3.3).

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 gïown 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 1 5 and in 7999, the plots were seeded on June 10. For the Chemozem site, the plot

was seeded on May 22 in 1998 and on June 19 in 1.999. 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 g4 kg ha-l and

canola was seeded at 5.8 kg ha-l. The canola and wheat plots were identical in size at3.2

meters in width x 5 meters in length.

Crop emergence was determined by counting the number of plants that emerged

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

Table 3.3 Rates of nutrients applied 
", f"rtiGhqrnozem soil in 1998 and 1999.

Soil Tvpe and Year

Nutrient

tuc
17

0

0
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Grain yield at maturity tvas detemrined by hand harv'esting 6 meter-rorvs (2 rorvs

x 3 meter in length) of wheat or canola. The samples were dried, threshed, and rveighed

for grain and strarv. Chemical analysis of plant materiai was conducted by digesting a

one-gram sample rvith a nitric-perchloric acid mixture that lvas heated to a temperature of

230 degree Celsius for fwo hou¡s and then diluted to a r:25 solution with distilled water.

Concentration of various metals was determined by lnductively 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 g.0.

BCE Place, suite 2220,18r Bay Street, p.o. Box gr9, Toronto, oN, M5J 2T3).

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

test for homogeneity 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 Chemozem

soil was significantly greater than on the Luvisol soil and significantly greater in 199g

than in 1999.
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Leonardite application did not affèct canol¿r emergence (Table 3.5 and 3.6).

Holvever' year and location effects rvere observed. Emergence of canola on the

Chernozem soil was significantly greater than on the Luvisol soil. The emergence of

canola r'vas greater in 1998 than in 1999, prim arlly aresult of the formation of a very hard

surface crust that impeded canola emergence on the Luvisol soil in 1999. A sisnificant

year, location, and treatment interaction rvas also observed.

Tab|e3.4Effectofpre.plantapplicationãrt"on"'
__lqf a Luvisol and Ghernozem soil in 199g and 1999.

Soil Type and \fuar

Treatment
Control

50kg ha-1 p

150kg ha-1 p

500kg ha-r p
1000kg ha-1 p

5000kg ha-1 p

50kg ha-1 M
150kg ha'1 M

500kg ha'1 M

l000kg ha-1 M
5000kg ha-1 M

50 L ha-r
100 L ha-1

300 L ha-1

222

198

tYz

201

223

200

tYc

201

204

174

205
191

184

¿.50

223

208
244
225
243

235
235
2.7ó

z¿J
ztY

¿¿Y

267

¿¿o

t/o

201

178
lo/
166

159

167

169

177

181

162

185

174

164

202

177

209
180

177

201

216
211

184
205
162

188

180

P = Powder, M = Mine ¡Vlater¡ál,TlTiquid-
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able 3.5 Effect of pre-plant uO
Luvisol and Chernozem soil in 199g and 1999.

Treatment

SoilType and Year

Control

50kg ha-1 p

150kg ha-1 p

500kg ha-1 p

1000kg ha-r p

5000kg ha-1 p

50kg ha'1 M
150kg ha-1 M
500kg ha-1 M

1000kg ha-1 M

5000kg ha-1 M

50 L ha-r

100 L ha-l

300 L ha-r

147

t¿o

128
1la

t¿o

ttc

44^
I tì'

122
4 /'11tTl

l¿+

128
141tt¡

t+o

72

oo
7Àta

72

72

ol

oo

60

oo

56

74

98

RO

76

98
7/1

87
qn

90

108

103

94

103

111

97

117

94

111

't 15

l6Ã

118
'131

'l 15

90

159

131

105
= Powder, M = Mine Material, L = Li

able 3.6 Gombined statisticalanal
canola emergence on a Ghernozem and Dark Grey Lùvisol in 199g and 19g9.

F-Value
Rep

Year

Location

T¡eatment

Treatment x Year

Treatment x Location

Treatment x Year x Location

EITOT

r82.66

13t6.29

1880.36

24.34

23.31

30.0s

24.68

27.93

7.27*
<', /11 *>F

74.87**

0.97

0.93

r.2

t.2l

47.83

409.86

143.04

19.06

22.36

17.2r

232

27.18

r.76

15.09**

5.26*

0.7

0.82

0.63

8.54**

* 
= significant at 0.0S level

= significant at 0.0001 level

= degrees of freedom
S = Means Squares
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able 3.7 Contrast analysis of le
on a Dark Grey Luvisgl and a Chernozem in lggg and 1g9g.

Contrast Wheat Canola
unernozem vs Luvisol

1998 vs 1999

{<*

. 
= significant at 0.0S level

"* = significant at 0.0001 level

Effect of Leonardite on yield

Significant differences in wheat yield did not exist befween the control and any of

the leonardite treatments. However, form of leonardite had a significant effect on wheat

yield (Table 3.8 and 3.9). The por,vder form of leonardite significantly increased r.vheat

yield compared to the mine material. There were some significant differences between

specific treatments but no consistent effect by leonardite form or rate was evid.ent.

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 199g 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 significant site year effect was observed. Canola yield significantly

decreased in the order Luvisol rggg > chernozem 199g > Luvisol 1 999.

Yield data was unavailable for canola on the Chernozem soil in 1999 due to late

seeding and a frost prior to maturity of the crop. ln 1999, the wheat crop on the

Chernozem was seeded in late June and yrelds were very low due to frost damage prior to

grain filling.
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Table 3.8 Effect of pre-plant applications of
_a Luvisol and Chernozem soil in 199g and 1999.

Soil Type and Year
Luvisol

Gontrol

50kg ha-1 P
150kg ha-1 p

500kg ha-1 P
l000kg ha-1 p

5000kg ha-1 p

50kg ha-1 M
l50kg ha'1 M
500kg ha-r M

1000kg ha-1 M

5000kg ha-1 M

50Lha-1
100 L ha-1

300 L ha-1

3406

3264
3960
óo¿ |

3609

3536

¿YYC
ll^1-,rutt

2786
3853
2761

3297

3782
3496

2418

2695
2334
¿ÕJZ

2571

¿óY I

| Õco

2020
2299
2475
2462

2163
2332

2435

1767

1483

| +oY

1741

tc tJ
I coJ

1 605

1472

1537

1 469

tÕoz

1 439
1 699

1397

¿+uc

490

Jto
aÅ r'l

473
431

?no

483
eÁ^

400

412

323
/la 

^

P = Powder, M 
= 

Mine Material, L= uíd

able 3.9 Combined s_tatistical analysis of
Ghernozem and a D_gI! crey Luvisot in 1998 and t9öö.

Rep

Year
Location

Treatment

Treatment x Year

Treatment x Location
Treatment x Year x Location

Enor

J
1
I

I

1aIJ
1a
IJ

1a
IJ

1A
ll

1428

922

818444

2369828

2847

2920

2753

1599

0.65

572.79**

i 658.54**

1.gg*

2.04*

l.93*
t.t2

= signÍficant at 0.0S level
* 

= significant at 0.0001 level

= degrees of freedom

= Means Squares
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able 3.10 Contrast analysis of leonarditã app
Grey Luvisol and a Chernozem in 19gg and 1gg9.

Chernozem vs Luvisol
1998 vs 1999

Powder vs Mine Material

Contrast Wheat Yield

= significant at 0.0S level
* 

= significant at 0.0001 level

Table 3.l l.Effect of
(kg ha-1) on a Lqvisol and Chernozem soil.

Soíl Type and Year

Control

50kg P
150k9 P
500k9 P
1000k9 P
5000k9 P

50kg M
150k9 M
500k9 M
1000k9 M
5000k9 M

50L
100L
300L

4078

4694
+YC¿

4310
4837
4490

2q74

4099
4228
4101
4064

4284
4209
4506

2076

IY¿¿.

1753
rc to
1432
1 804

1 931
1746
1 868
1476
t/ou

1734
1 183
1 879

1776

¿UöO

2074
I ocY
tv¿z
1741

1 680
III4

1823
1 961
1926

1 609
1752
¿ tYo

P = Powder, M =M¡ne Mãtffii.Ll
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Table 3.12 Combined statistical ana
yield on a chernozem in 1g9g and a Dark Grey Luvisbi in tsge and 1999.

Source I Oi F-Value
Rep

Site Year

Treatment

Treatment x Site Year

Error

3r 3007 i o.zs

2i i360,+08 1353.29**
13 1 4r3t I t.07
26 I 2868 l o.t+
123 I 3850

= significant at 0.05 level
*= significant at 0.0001 level

S = Means Squares

able 3.13 contrast anarysis of reonardite appi@
Dark Grey Luvisol and a Chernozem in 19gg and 19gg.

Gontrast
Erickson 1998 vs Morris lggg

Erickson 1998 vs Erickson lg99
Erickson 1999 vs Morris 1998

= significant at 0.0S level
*" 

= significant at 0.0001 levet

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 not be conducted. Leonardite

did not appear to have any discernable effects on the nutritional quality of the wheat grain

(Appendix Ð. In addition, the protein content (measured as %lg of the wheat grain rvas

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

The application of organic amendments has been sho,uvn to affect the germination

(vaughan and Nlalcolm 1985) and emergence of crop species (Nuttall rg70). 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

r'vheat on the Luvisol soil in 1999 even though a heavy rainfall immediately after seeding

resulted in crusting of the soil surface.

Although not signif,rcant, 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

single 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 epicotyllhypocotyl hook) through the soil crust with

greater ease (Nuttall1970). 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. The hormonal effect would

explain why low rates of leonardite resulted in the greatest emergence since high rates of

hormones can reduce growth. Application of organic amendments has enhanced root

growth (Vaughan and MacDonald I976,Akinremi |ggg) as well as percent seed

germination (Petrovic et aL. 1982). lncreases in seed germination usually result in greater
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emergence' The increased root gro'uvth could cause improved absorption of nutrients.

resuiting in greater biomass and increased competition betr.veen plants. 'uvhich mav

actually decrease rhe emergence of adjacent plants.

Research rvith leonardite has shorvn that application of leonardite can increase

yields of crops. Duplessis and MacKenzie (1983) found that applicatio¡ of leonardite

significantly increased the yield of corn rvhile charcoal, coal, and peat have been shor.vn

to increase the yreld of moong, soybean, and pea (Iswaran et al. 1979). In our stlrdy, 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

quality of the leonardite. Leonardite that is produced in different regions may varyin the

concentration of humic substances, quality of humic substances, qualily 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 (1ggg) and Akinremi (1ggg)

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 0.25Yo of the soil on a weighlweight basis.

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

of crop species (Adani et al. 199g, wailace and Romney 19g0). In contrast, other
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researchers have found that hLrmic substances can have cletrimental elfects on cliemical

composition (Adriano et al. 1978. Linehan 1978). Anallrsis of the r,vheat grain shor.ved

that leona¡dite had no effect on the chemicai composition of the wheat grain. This may

suggest that the functional groups that are a conlponent of humic substances rvithin

leonardite did not affect the chelation, diffusion, complexation or mobility of nutrients

rvithin the soil to a significant degree. Nutrient concentrations in the wheat grain also

suggest that leonardite did not affect the tumover or mineralization / immobilization of

nutrients within the soil.

3.6 Conclusion

The application of leonardite as a mine material, colloidal powder, or liquid

formulation had no significant beneficial or detrimental effects on the leld of rvheat or

canola when applied at low (50 kg ha-r) or very high rates (5,000 kg ha-t). 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 yields 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

1.1 Abstract

A field study was conducted to determine the effect of a post-plant broadcast

application of leonardite on emergence and yield of canola. Argentine canola Brassica

n(tplts cv. LG 3310 was grown on two soil types, a Dark Grey Luvisol and a Black

Chernozem. Th¡ee forms of leonardite were evaluated: a mine material, powder

(colloidal mine material), and a liquid (composed of humic extracts from the mine

material). Mine material and powder were applied at a single rate of 150 kg ha-l on a dry

"veight 
basis. Liquid leonardite was applied at two rates, 100 and 300 L ha-I. 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 shorvn 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 r.vater imbibition, enzqe synthesis (Smidova i,g62), and respiration

(Csicsor et aL. 1994). Ho'uvever, humic acids can also have detrimental effects on

germination. Piccolo et al. (1993) found that increasing application rates of humic acids

from 40 to 5,000 ppm significantly reduced germination percentage of tomato seeds.

Organic amendments can have a favorable effect on the emergence of rapeseed

(Brassica napus). Nuttall (L970) discovered that the emergence of rapeseed was

increased by as much as threefold with the application of an organic amendment at arate

of 2.65%o 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

52



L-onardite were applied immediately after seeding to determine rvhether application of

ieonardite on the soil surface could enhance canoia emergence through improved soil

physicai properlies of the soil surface.

4.3 Nlaterials and Nlethods

In 1998 and 1999, a field study was conducted to determine the effect of post-

plant application of leonardite on entergence of argentine canola Brassica ttcrptts(cv. LG

3310). The experimental design was a randomized complete block with 5 treatments and

4 replicates. Soil analysis was conducted by Nonvest labs. procedures for specific for

various soil chemical characteristics are described in Appendix Xa. Characteristics of the

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

The forms of leonardite used were identical to the pre-plant application study and

included the mine marerial (L-r4), powder (colloidal L-! ),and liquid form (L-11) of

leonardite (Appendix I). The mine material and powder forms of leonardite were applied

at atate of 150 kg ha-r (dry weight basis). Two rates of liquid leonardite, 100 L ha-r and

300 L ha-r were applied. All leonardite treatments were applied as a broadcast post-plant

treatment to test whether 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 enti¡e plot. The solid forms of

Table 4.1 Charlcter¡stics of a C

Soil
Gharacteristic

7.7

1.2
5.4

0.2
J.O

E.G. = Electrical Conductívity
O.M. = Orqanic Matter
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leonardite rvere spread by hand r.vhereas the liquid form of leonardite was sprayed o1the

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 applie d (50% of the N was

broadcast applied immediately after seeding, 25o/o atthe 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.

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

ammonium sulphate. Brassica napus cv. LG 3310 was seeded at arate of 5.8 kg ha-l.

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.

Table 4.2 Rates of nutrients applied (kg ha-1) for a Luvisoland Ghernozem soil ¡n tSgg
and 1999.

9q! Iype and Year
Luvisol Ghernozem

Nutrient 1 998 1999 1998 I 999
N

P

K
S

175
8
0

42

200
I
0

42

1-rtr

I
0

25

8

0
25



Grain yrelds at maturit¡z rvere determined b1i hand-harvesting 6 meter-rorvs (2

rolvs x 3 meter in length). The piant sampies rvere dried, threshed and wei_ehed for seed

and strar'v yield' Statistical analyses of the clata were conducted using ANOVA and

contrast procedures using the Statistical Analysis System (SAS Institute (canada) Inc.,

version 8.0, BCE place, suite2220, 1g1 Bay street, p,o. Box gr9, 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. ln 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 lggg 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 dryrng of the soil. canola emergence on

the Chernozem was signiñcantly greater than on the Luvisol soil. Leonardite application

did not affect canola emergence (Table 4.4).

"bl" 
4'3 Eff""t of post'pl"nt applicStion of l"on"rd¡t" on c"nffi

Soil Type and Year

Treatment
Control

150kg ha-1 p

150kg ha-1 M
100 L ha-1

300 L ha-1

= Powder, M = Mine Material, L = Liquid

55



able4.4combinedstatistica|analysisof|eonardr.tffi
emergence on a chernozem and a Dark Grev Luvisol in lggg and 1999

Canola

Source df MS F-Value
Rep

Year

Location

Treatment

Treatment x Year

Treatment x Location

Treatment x Year x Location

Error

J

1

1

4

4

4

51

0.44

787.51

137.81

19.39

7.36

1) ?A

3s8.28

19.55

0.02

40.29r*
7.05*

0.99

0.38

0.63

19.33 *

* 
= significant at 0.05 level

*n 
= significant at 0.0001 level

df = degrees of freedom

MS = Means Squares

Yield of canola on the Luvisol soil r.vas 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 vield of

canola.

rable 4.5_Effect of post-plant application of leonardite oñ canota yietu
(kg ha-').

SoilType and Year

Luvisol Chernozem
Treatment 1 998 1999 I 998

Control
150k9 P

150k9 M

1 00L
300L

4333
4084
4393
3761

JO4 |

1 380

t+¿c
1387

I JöV

796

2118
¿¿Y I
2189
2229
2280

) = Powder, M = Mine Material, L = Liquid
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able 4.6 Combined statis_tical anaty
on a Chernozem and a Dark Grey Luvisol in lggg and'1gg9.

Rep

Site Year

Treatment

Treatmeni x Site Year

2799

450 1 30

3959
141^z) Jv

6941

0.4

64.95**
0.57

0.34

= significant at 0.05 level
* 

= significant at 0.0001 level

= 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 Akirnemi

(1999). However, these results do not agree with those from Nuttall (I970) in which the

application of an organic amendment improved emergence of rapeseed threefotd with

addition of organic amendments at2.5o/o by soil weight. The highest rate of leonardite

used in our study 0.25% by soil weight.

Preliminary research by Akinremi (i999) and Smirl (i999) showed that the

leonardite material is recalcitrant and not activery 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

enz)Ænes' hormones or organic acids which can have biochemical or physiological effects

on seeds (Smìdova 1962, Csicsor et al. 1994). Since microbial activity was not enhanced
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r'vith the application of leonarcìite, microbial acti,,'ity in the rhizosphere rvould probably

be unaffected by leonardite.

Post-plant applications did not affect yreld. 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 crustins.
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5. EFFECT OF LEOI\ARDITE 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 napl¿s cv. 45451, a herbicide tolerant canola

(Roundup ReadyrNr) 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-l P. Phosphorus was applied as a side-band,Z.5 cm below and2.5

cm beside the seed. Humic acid was applied with the P fertilizer. Tr.vo fonnulations of

humic acid, designated as L-45 and L-52,were used at three rates, 0, 72 and,24Lhat.

Canola biomass and P concentration in plant tissues were measur ed. at 20 and 35 days

after emergence. Seed yield at maturity rvas also determined. Humic acid did not affect

canola biomass on the Luvisol soil. Increasing rates of humic acid significantly increased

canola biomass 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 and35 d after

emergence on the Chemozem. A significant formulation difference was evident where

theL-52 increased P concentration compared to L-45 atboth the 20 and 35 day sampling

date. A humic acid rate effect was also evident where increasing rate of humic acid

increased P concentration 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 Chemozem u,,as

increased r,vith P fertilizer but final seed yields rvith and rvithout P fertilizer were not

significantly different. Boron (B) concentrations in plant tissues were significantiy

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 approxim ately 20o/o for prairie crops in the year

of application (Hammond 1997). The low efficiency of P fertilizer is especially evident

on calcareous, high pH soils, such as those found in Manitoba. Reasons for the poor

efficiency of P fertilizer include the formation of moderately insoluble phosphates with

cations such as Ca and Mg.

Researchers have discovered that addition of leonardite can improve the

efÍiciency of P fertilizers by plants (Duplessis and MacKeru,ie 1983). Researchers have

also discovered that application of humic substances from other sources can improve p

fefülizer 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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atteniion in P fèrtilizer Llse efficiency studies condLrcted rvith humic acids. It r.vas

postulated that hLrmic acids applied rvith P fertilizer may reduce reaction betrveen soil

constituents and the P fertiiizer thereby enhancing P fertilizer phytoavailabilitv.

5.3 Materials and iVlethods

The study rvas designed as a 4x2x2 (4 phosphorus rates, 2 forms of humic acid

and2 rates of humic acid) factorial with 4 replicates. Two soils in Manitoba known to be

P deficient were selected, a Black Chemozem near Portage la prairie and a Dark Grey

Luvisol near Teulon. Soil analysis was conducted by Nonvest 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).

Argentine canola Brassica napus (cv. 45451) was planted on June I, lggg 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

curye' Rates of P fertilizer were 0, 6.5,13, and 20 kgha-l P. Form of p fertilizer was

t"Ot" S.t So¡l 
"t'r"ra"t

So¡l

pH
texture

O.Ivt (o/")

Ec. (dsm1
scúltest NQ-(kg ha4)

soil test P (kg ha{)
scil test K (kg ha{)

sctl test SO.'-( kg ha"

-7 11

silt loam
4.5

1.2

1q
n
zu
88

6.8
sancty loam

2.6

1.4

10

I
90

38

ol



ammoniLlm polyphosphate (10-34-0). The P fertilizer rvas placed as a side-band 2.5 cm

beside and 2.5 cm belor,v the seed at time of seeding.

Two formulations of humic acids, designated as either L-45 or L-52, were used in

the str-rdy' Characterization of the humic acids are provided in the Appendix (i). Each of

the humic acids was applied at three rates, 0, 12Lha-| 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-r of N, 93 kg ha-r of K, and 60 kg ha-r of S. Nitrogen was

applied as urea, K as KCl, and sulphur as ammonium sulphate. All fertilizer was applied

as a post-plant broadcast 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 m2) were harvested for biomass, dried, weighed

and then analyzed for P. The concentration of N, K, S, ca, Mg, Na, Fe, cu, zn,Mn, ¿irrd,

B in plant samples from the Luvisol site collect ed,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 analysis arç described in Appendix Xb. Seed yields at maturify 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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\'vere condlrcted using ANOVA and contrast procedures using the Statistical Analysis

System (SAS Institute (Canada) lnc., version 8.0, BCE place, Strite 2220. l g l Bay

Street, P.O. Box 8 i 9, Toronto, ON, Ivl5J 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

sigriificantly increased by P ferlilization (Tabl e 5.2 and,5.3). Humic acid in either form

or rate had no effect on biomass of canola atz0 d,after emergence. There was a

significant humic acid rate effect on canola biomass for 35 d after emergence where

biomass with the 24Lha-t rate was significantly greater than with the 12 L ha-l. 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

Chemozemic 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 effecr on

biomass of canola 20 or 35 days after emergence
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Humic acid tended to increase the bìomass of canola plants in the early stages of

crop ,qrowth without P fertilizer. Hor,vever, when P fertilizer r.vas applied, the application

of lrumic acid rvith the P fertilizer had no effect on the biomass of canola plants.

Table 5.2 Effect of HunÉcAci,
on a C*renrozem ard Dal*

on Canola Bionass at 20 and 35 d¿

Grey Lwisol in 1999.

,¡rs after enæfgence (kg ha-t)

npling Date-
I Lwisol

-

, -SoitæE
I Chernozem

Treatnænt 20 dalns 35 dal¡s 20daw 35 days
0 R l,üo Humdc æid

6.5 P, 16 Hunic acid
13 P, l',¡o Humic acid
æP, tøHunücacid

805

1310

945

1587

2930

3868

3208

3766

210
635

505

ozl

856

2451

27m
2æ0

0P,12Lha-'L45
6.5 P, 12 L ha'1 L4s
13P,12Lha1L45
20P,12Lha1L4S

990

t¿v,)

1M
1605

2m
JO/J

41M
4C67

JJO

¿+ry+

685

62

2757

¿+t+

2817
0P,24Lha'L-4S

6.5P,24Lha1L4s
13P,24Lhd1L45
2oP,24Lha-1L4s

870

1ù52

1220

1285

?q?l

3361

crtJo

4073

297

4ÐY

490

699

1 180

tooo

2337

3re1
oP,12Lha1L-52

6.5 R 12 L ha-1 L-52

13P,12L ha-1 L-S2

20P,12L ha1 L-52

925

1112

1110

1M

2337

3286

2905

ffiz

.7 t¿

468

479

617

808

?2M
1996

2W
0P,24 L ha-1 L-52

6.5 P,24 L ha-1 L-S2

13P,24 L ha-1 L-s2

20P,24Lha-1L-52

890

t.t¿c

1060

1257

3537

3012

4271

æ12

u2
n9
6Sb

653

1c/ig

2426

2856

3084
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able 5'3 Statistical analysis of canola biomass at 20 and 35 day after emergun"" fo¡- 
"Chernozem and Dark Grey Luvisol in jgg9.

Luvisol

F-Value F-Value
Rep

Prate

Lrate

Lform

Prate"Lform

Prate*Lrate

Lform"Lrate

Prate*Lform*Lrate

Error

87.18

I rY.oó

6.48

4.08

2.15

10.54

6.95

2.09

10.69

8.15**

1 1.19**

0.61

0.38

0.20

0.99

0.65

0.18

¿o t.¿c

355.39
'108.49

180.61

100.24

t¿t.¿o

34.41

83.77

54.1 I

4.92*

6.56*

2.01*

3.33

1.85

2.24*

0.64

1.62

¿.Y.t

40.42

? 44

0.23

2.17

Õ.+o

o./ó

2.32

3.42

0.85 | 91.81

11.74** I 1394.00

0.90 | z.ts
0.07 | 8.69

0.63 | 5.11

1.00 | st.sz
1.95 | Se.S¡

0.65 | ZZ.3Z

z.+

36.1 7**

U.UO

u.¿ó

0.13

4 2^

I trA

0.56

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

= Means Squares

= Phosphorous

= Leonardite

Iab|e5.4contrastanalysisofcanolabiomassatzoano@
Chernozem and Dark Grey Luvisol in jg99.

I SoilType and Sampling Date

Ghernozem Luvisol
Contrast 20d 35d 20d 35d

Phosphorus Rate
0vs15
0vs30
0vs45

15 vs 30
15 vs 45

30 vs 45

ttJ NS nq NS

NS NS

tt5 NS NS

Leonardite rate
Control vs Low
Controlvs High

Low vs High

NS NS tl5 NS

NS NS ttò

ns NS ttù
ns = Non-signifícant

'= significant at 0.0S level of probability
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Effect of É{umic ,\cid on canora Tissue F concentrations

On the Chernozemic soil, a humic acid formulation effect r.vas evident for p

concentration of canora aT-20 d after emergence (Tabre 5.5 and 5.6). The L-52

formulation signifrcantly 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-l rate of humic acid significantly increased p concentration of

canola versus the control treatments. The P concentration in canola r.vith 24 L ha-l was

significantly greater than with 12 Lha-| . Highly significant p rate effects rvere observed

at both sampling dates on the Chemozem soil. A P interaction with humic acid rate was

also evident; the interaction befween P fertilizer and rate of humic acid was not evident at

the 35 day sampling dare.

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 accumulation 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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able 5.5 Effect of humic 
""t,_ lglk Grey Luvisol in 1999.

Soiland Samplinq Date

0 P, No Humic acid
6.5 P, No Humíc acid
l3 P, No Humic acid
20 P, No Humic acid

0 P,12 L ha-r L-4s
6.5 P, 12 L ha{ L-4S

13P,12 L har L-45

20 P,12 L ha'l L-4S

0 P, 24 L ha{ L-4S

6.5 P,24 L ha'1 L-45
13 P,24 L ha{ L-45
20 P, 24 L ha-r L-4s
o P,12 L har L-s2

6.5 P,12 L har L-s2
13 P, 12 L ha{ L-52
20 P,12 t_ ha-r L-s2

0 P,24 L har L-s2
6.5 P,24 L ha4 L-s2
13 P,24 L ha'1 L-S2

20 P,24 L ha{ L-52
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ab|e5.6Statistica|ana|ysisofcano|aPconcentrationat20"@
a Chernozem and Dark Grey Luvisol in 1ggg.

Luvisol

F-Value F-Value F-Value
Rep

Prate

Lrate

Lform

Prate*Lform

Prate*Lrate

Lform"Lrate

Prate*Lform *Lrate

Error

0.020

0.060

0.010

0.002

0.001

0.007

0.004

0.001

0.002

10.02**

26.26**
Ê. 11u.t ¡

1.14*

0.77

2.gg*

IA?

0.56

0.069

0.092

0.018

0.024

0.001

0.001

0.005

0.001

0.002

29.62**

38.53*"

7.72**

10.27*

0.18

0.76

2.04

0.53

0.011

0.516

0.001

0.001

0.004

0.004

0.005

0.002

0.005

2.20

103.49**

0.02

0.09

0.72

0.76

0.94

0.47

0.022

0.175

0.001

0.001

0.001

0.001

0.00'1

0.001

0.003

7.56.

60.61**

0.09

0.04

0.06

0.19

0.09

0.10

= significant at 0.05 level
' = significant at 0.0001 level
f = degrees of freedom

S = Means Squares

= Phosphorous'

= Leonardite

able 5.7 Contrast analysis of 
"unfor a Ghernozem and Dark Grey Luvisol in 199g.

Phosphorus rate
0vsl5
0vs30
0vs45

15 vS 30

15 vs 45

30 vs 45

Control vs Low
Controlvs High

L formulation

s = non-significant
= signifícant at 0.0S tevel of probability

" = significant at 0.001 level of
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able 5.8 Effect of humic acids on p accumuratíon in canora tissue (kg h;it;;ã;nd 3s
dav after ence on a Chernozem and Dark Grev Luvisol in legq

SoilType and Sampling Date

Chernozem i Luy¡sol
ffi. l2odavsl¡sTreatment

0 P, No Humic acid
6.5 P, No Humíc acid
13 P, No Humic acid
20 P, No Humic acid

2.4
Ã,r

4.3

6.5

10.3

ILO

12.8
173

0.7
3.8
3.3
4.0

1.5

9.2

9.4o P, 12 L ha{ L-45
6.5 P,12 L ha-1 L-45
13 P,12 L har L-4S

20 P,12 L ha'1 L-45

3.2

5.8

6.9

8.9

10.7

tc.o

16.2

1.2

¿.ö
AA

'1 ll-.7

2.1

8.0

8.7
1^ Á

0 P,24 L ha-' L-4s
6.5 P,24 L har L-4S

13 P,24 L ha-1 L-45
20 P,24 L ha-r L-45

2.8

+.o

5.7

10.9

I z.+

19.1

18.3

1.0

¿.o
Q-l

ÁÁ

2.1

4.8

7.7

12.1o P,12 L ha-1 L-se
6.5 P, 12 L har L-s2
13 P, 12 L ha-1 L-52

20 P,12 L ha-1 L-s2

3.1

5.3

5.4

o.ó

ö-¿

l¿.J

13.1

18.3

1.1

2.7

3.0

3.8

6.2

7.0

10.3
0 P,24 L ha'' L-s2

6.5 P,24 L ha¡ L-s2
13 P,24 L ha-1 L-52
20 P, 24 L ha-1 L-S2

3.5

6.2

6.5

11.7

11.7

17.9

to.o

1.1

4.8

4.7
/1 1

1.8

7.3

9.7

11 .1

ov



able 5.9 Statistical analysis of 
"rnolua Chernozem and Dark,Grey Luvisol in 1g9g.

Luvísol

F-Value
Rep

Prate

Lrate

Lform

Prate*Lform

Prate"Lrate

Lform*Lrate

Prate*Lform*Lrate

Error

25.81

47.22

nqÃ

2.77

0.6'1

U.Y¿

1.71

v.ó¿

1.99

12.92*"

23.64*"

0.28

1.39

u.40

0.85

0.15

109.49

¿.7+.,1 |
0.77

26.12

4.04

13.08

1.24

ó.40

9.04

12.11*"

25.92**

0.09

2.89

0.45

1.45

0.14

0.36

¿.v

42.09

0.26

1.06

0.93

0.99

Õ.¿Y

0.97

1A

1.53

22.17""

0.14

0.56

0.49

0,52
17?

0.49

21.89

298.53

0.37

u.o¿

+.oó
70a

.r.oó

7?O

2.96*
llA )44**TV.T I

0.07

U.UC

0.08

0.63

1.08

0.47

* 
= significant at 0.0S level
= significant at 0.0001 level

df = degrees of freedom
= Means Squares

= Phosphorous

= Leonardite

able 5.10 Contrast analysis of
a Chernozem and Dark Grey Luvisol in 19gg.

Phosphorus rate
0 vs 15

0vs30
0vs45

15 vs 30
15 vs 45
30 vs 45

= non-significant
- 

= significant at 0.0S level of probability
*" 

= significant at 0.001 level of probabili

Effect of Humic Acid on Nutrient Concentrations

The plant samples from the Luvisoric soil were arso analyzed for N, K, s, ca, Mg,

Fe, cu, zn,rvrn, and B concentrations (Appendix ltr). The plant samples from the

{hernozemic 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. Ho,.vever, rvith the

exception of B (Table 5' 1 I and 5.12), humic acid application had no effect on the

concentration and accumulation of nut¡ients or other elements in canola tissue.

able 5.11 Effect of humic acid on B concentration (mg t<g-r¡ or canora at 20 and 35 day after
nce on a Ghernozem and Dark Grey Luvisol in 1g9g.

SoilType and

Treatment
0 P, No Humic acid

6.5 P, No Humíc acid
'13 P, No Humic acid
20 P, No Humic acid

0 P,12 L ha'' L-45

6.5 P, 12 L ha-1 L-45
13 P,12 L ha¡ L-45
20 P,12 L ha-1 L-45
o P,24 L ha' L-45

6.5 P,24 L har L-45
13 P,24 L ha-1 L-45
20P,24 L har L-45
0 P, 12 L ha-' L-52

6.5 P,12 L ha-1 L-S2

13 P,12 L ha-r L-52
20 P,12 L ha{ L-s2
0 P,24 L ha-'L-S2

6.5 P, 24 L ha-1 L-S2

13 P, 24 L ha'1 L-52
20 P,24 L ha{ L-52
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able5.12StatisticaIana|ysísofcanolaBconcentrationat20@
on a Chernozem and Dark Grey Luvisol in 1g9g.

F-Value F-Value F-Vaf ue
Rep

Prate

Lrate

Lform

PratenLform

Prate*Lrate

Lform*Lrate

Prate*Lform*Lrate

Error

2.04

+.óó

+o.ó

24.4

3.24

12.29

12.31

4.06

2.41

0.85

1.8

1 9.19*"

10.12*

1.34

5.09"

5.1 0*

t./v

42.18

46.06

1.81

22.65

8.59

7.05
tr 1,1

2.54

6.2

6.81*

7.43*

0.29

1.39

1.14

0.83

0.39

/u.tc
I t.oc

18.52

I .IJ

3.38

a ÅaL.+ I

Â?a

13.03**

2.16
Q 

^ 
/t*

1 1./1

0.63

0.96

u.+o

0.64

50.25

38.41

1.22

11 .54

ru.oc

6.48

J.O

3.54

7.32

6.86-

5.25*

0.17

1.s8

1.45

0.88

0.49

0.46

= significant at 0.05 level
* 

= significant at 0.0001 level
= degrees of freedom

S = Means Squares
= Phosphorous

= Leonardite

Chernozem

able 5.13 Contrast analysis of canola B concentratio
a Ghernozem and Dark Grey Luvisol in jg9g.

0 vs l5
0vs30
0vs45

15 vs 30
l5 vs 45
30 vs 45

Leonardite rate
Controlvs Low
Gontrolvs High

L formulation

s = non-significant
= significant at 0.05 level of probability

* 
= significant at 0.001 level of probabi
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on the Chemozemic soil, B concentration in canola tissue at the 20 d sampling

date rvas significantly greater with humic acid than,uvithout (Table 5.1 1 and 5.12). A

form effect of humic acid was evident in r,vhich 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,24L ha-l 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 Chemozemic soil. Hor.vever.

B concentration r,vas 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. 1 i and 5 .r2). The I 2 and. 24 L ha-l rates of humic acid

increased the B concentration of canola tissue. However, there was no difference

befween 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

canola at the 35 day sampring date on the Luvisoric soil.

Boron accumulation was affected by P fertili zationon 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 fertjlizerwas the

main contributing factor. No other humic acid effect on B accumulation were evident on

the Chemozem 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 d,ay sampring date where the z4L ha-r of humic acid
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significantly increased the B

On the 35 day sampling date,

obserr,'ed.

accumulation of canola as

an interaction betr,veen P

compared to the 12 L ha-l rate.

fertilizer and humic acid rate rvas

able 5.14 Effect of humic acid on 
" 

u""uñ
after emergence on a chernozem and Dark Grey Luvisol ¡i tsss.

SoilType and Sam

Treatment

0 P, No Humic acíd
6.5 P, No Humic acid
13 P, No Humic acíd
20 P, No Humic acid

0 P, 12 L ha-' L-45

6.5 P, 12 L ha{ L-4s
13 P, 12 L ha{ L-4s
20 P,12 L ha-1 L-45

0 P,24 L ha-' L-4S

6.5 P,24 L ha-1 L-4S

13 P,24 L ha-1 L-4S

20 P, 24 L har L-4S

o P, 12 L ha'' L-S2

6.5 P, 12 L ha{ L-S2

13 P, 12 L ha-1 L-S2

20 P,12 L ha-1 L-s2
0 P,24 L ha-' L-S2

6.5 P,24 L ha-1 L-s2
13P,24 L ha-1 L-s2
20 P,24 L ha{ L-52

1/1



able5.l5Statistica|ana|ysisofcanolaBaccumu|ationat20
Chernozem and Dark Grey Luvisol in 199g.

F-Value F-Value
Rep

Prate
Lrate
Lform

Prate*Lform
Prate*Lrate
Lform*Lrate

Prate*Lform*Lrate

Error

2
1

o

2

o

94724
113106

12627

o¿+

3883
5699

2110
3794
11914

7.95**
9.49**

t.uo
0.01

0.33

0.48

0.18

0.3

485703
850630
1 1 6597
/ | too
27408

295801

22375
53595
85210

5.70*
9.99**

t..51

0.84
0.32

3.47"
0.26
0.61

1271

9850
2544
836

400
308

1 595
358
775

l.o¿+

12.72**
3.29*
1.08

0.52
0.4

2.06
0.44

18123
71 0606
4639
7531
7192

43499
15372
91 79

1 8852

0.96

37.69*"
0.4

0.25
0.38

2.31*
0.82

0.47

= significant at 0.05 level
* 

= significant at 0.0001 level
= degrees of freedom

abIe5'16Gontrastana|ysisofcano|aBãccumul
Chernqzem and Dark Grey Luvisol in lg9g.

Phosphorus rate
0vs15
0vs30
0vs45

15 vs 30

15 vs 45

30 vs 45

ns

NS

NS

NS

ns
Leonardite rate
Controlvs Low
Controlvs High

L45 vs L52
= non-significant

= significant at 0.05 level of probability
= significant at 0.001 level of probabili
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Ðffect of Flurnic Åcid on Canola Seed yields

Phosphorus fertiiizer significantly increased canola yrelds 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,s.18). This was interesting

since canola tissue P concentrations r,vere significantiy increased by both p fertilizer and

humic acid20 and 35 d after emersence.

able 5.17 Effect of humic acid on c
Dark Grey Luvisol in 19g9

0 P, No Humic acid

6.5 P, No Humic acid

13 P, No Humic acid
20 P, No Humic acid

177 1

2006

1 839

1 886

677

1502

1935

2146
0 P,12 L ha' L-45

6.5 P,12 L ha¡ L-45

13P,12 L ha-1 L-4s

20 P,12 L ha-r L-4s

1788

1652

1750

1823

705

1504

1619

2055
o P,24 L ha-' L-4S

6.5 P,24 L han L-45
13 P,24 L ha-l L-4S

20 P,24 L ha{ L-4s

1 588

1 598

| Õoó

1 881

932

1 609

1813

2165
o P, 12 L ha" L-52

6.5 P, 12 L ha{ L-S2

13 P, 12 L ha-1 L-S2

20 P,12 L han L-52

1677

1 895

1724

I Rql

717

1481

1769

2205
o P,24 L ha' L-52

6.5 P,24 L han L-52

13 P,24 L har L-s2
20 P,24 L han L-52

1 806

1703

1914

1 858

665

1422

1832

r806

to



able 5.18 statisticat analysis of canola yield on a chernoze.;ndõ"rL Gr"y
Luvisol in 1999.

F-Value F-Value
Rep

Prate

Lrate

Lform

Prate*Lform

Prate*Lrate

Lform*Lrate

Prate*Lform*Lrate

Error

6463

878

I 208

s27

s06

4872

175

295

720

8.98**

1.22

0.73

1.68

0.23

r.13

0.24

0.39

4042

98471

136

880

464

964

1622

250

ðôt

4.70*

114.39**

0.16

r.02

0.54

r.t2
1.88

0.27

= significant at 0.0S
* *= significant at 0.0001

f = degrees of freedom

S = Means Squares

= Phosphorous

= Leonardite

able 5.19 Gontrast analysis of canota yield
I 999.

0 vs 15
0vs30
0vs45

15 vs 30
15 vs 45
30 vs 45

NS

NS

ns
NS

ns
NS

Gontrol vs Low
Controlvs High

NS

NS

ns
L formulation

= non-significant
= significant at 0.05 level of probabitity
= significant at 0.001 level of



5.5 Ðiscussion

The addition of humic substances has been shorvn to have positive effects on

biomass and grorvth of plants (ìvforis 1995). Dupiessis and lvlacKenzie (19g3)

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 33ol0, on a

fresh and dry r'veight basis, respectively (Malik and Azam 1985). Humic acid, derived

from leonardite, significantly elevated the dry matter of tomato plants by g% and.9yo, on

a fresh and dry weight basis, respectively (Adani et al. 199g).

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 emergence. However, humic acid had a signif,rcant 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 (Ig73) discovered that

leonardite may possess compounds that act in a similar fashion to auxin. Auxin is a

hormone that can improve plant growth. Preliminary studies by Akinremi (i999) shor,ved

increased root length associated with application of humic acids, suggesting that

leonardite contains growth enhancing compounds. The humic acids used in this studv

may have contained hormones that enhanced root length and root biomass. The
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itnprovecl rooting density r'vould allorv for improved soil exploration and nutrient

absorption creating an increase in _qroi.vth and biomass.

Characterization of the humic acids showed that the humic acids contained

ntttrients that are essential for the gror.vth of canola. ln 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 ferlilizer 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. Duplessis 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. 19g5). 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 grollps from the humic acid can then conrpete ivith the p

anion for adsorption sites and reduce p fixation reaction b¡r the soil.

Another factor which may be responsibie for the increased availabiiity of p

feftilizer r'vith humic acids is chelation of cations by the humic acids reducing reactions

betrveen ca and P. cations such as ca, Mg, Ar, 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 r'vater-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 lnskeep i991). 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'Donnelt I9v2). The humic acids may stimulate root growth, mass, an¿

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 ferver soil atlsorption ancl precipitation reactions tliat may increase

the concentration of soil solution p and increase p phy,toavailability.

Humic acids have been shor.vn to have effects on the chelation and availability of

other metals such as Cu, Zn, andFe (Moris i985). In this study, the application of humic

acid increased the tissue concentration of B. Ho,,vever, 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 frnal seed yields of various

crop species (Duplessis and MacKenzie 1983, Iswaran et al. 1979). Hor,vever, the results

of this study shorved that the application of humic acid did not affect the final seed yield

of canola' This was interesting since growth early in season tended to be improved by

humic acid. Phosphorus concentrationat20 d and 35 d after emergence was also

significantly increased with the application of humic acid on the Chemozemic 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 I973). 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

gror'vth of canola. Humic acids significantly increased the p concentrations in canola on

the Chernozemic soil20 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 signihcantly 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 shorving a tendency to improve early season growth and p

ttssue 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.FULUC ACID ON CU CONTENT AND YIELD OF WHEAT

6.1 Abstract

A field study ',vas performed to compare the effectiveness of foliar application of

th¡ee Cu-fulvic acids to two commonly used Cu fertilizers. wheat Tritictun aestivt¿m cv.

AC Barrie grov/n on a loamy sand soil, was treated with foliar applications of CuClz, Cu-

EDTA, or three cu complexes with ftrlvic 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 kg ha-'. Foliar application of the 0.2

and 0'6 kg ha-I occurred at the 4-leaf stage. The 0.4 kg ha-l treatment was applied as a

split application of 0.2 kg ha-r at the 4-leaf stage and a subsequent 0.2 kg ha-l ten days

later' The Cu content of the wheat plants was analyzed prior to application and again

th¡ee 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>0kg Cu ha-r. 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 Cu ha-I. CuCl2 wâs rrroÍe 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 >0 kg cu ha-r. Grain yierd was higher with

CuClz than with Cu-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.
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6.2 Introduction

Efficiencies of micronutrient fertilizers by plants are very lor,v due to the

fonnation of stable surface complexes with organic matter, sesquioxides, clay silicates,

and porphyrin (Bibak 1994, Goodtnan and Chesire rg76). Consequently, lorv 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

shor'vn to increase the phytoavailability of micronutrient fertilizers (Metwally et al. 1976).

Humic and fulvic acids have the ability to bind r,vith 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 lorv 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 srong

affrnity for Cu (Bunzl et al. I976,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 goups (Davies et al. i969). 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 availabilify of
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Cu relative to traditional Cu fertiiizers. The fertilizer,,vas applied as a foliar application

since previous r,vork in this area is limited and foliar application is becoming the popular

and most effective method of Cu fertiiization.

6.3 Nlaterials and Methods

A held study r'vas conducted to determine r.vhether or not foliar application of

fulvic acid prepared with Cu salts would improve the absorption and availability of Cu

for rvheat relative to traditional sources of Cu. The crop used was Canadian Western Red

Spring Wheat Triticum aestivum cv. AC Barrie and the experiment r.vas designed as a 5x4

(5 Cu treatments and 4 Cu rates) factorial with 5 replicates. Soil analysis was conducted

byNorwest 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.i).

Cu Treatments

Five sources of Cu were evaluated. CuCl2 and Cu-EDTA (ethylene diamine

tetraacetic acid) as well as 3 fulvic acid formulations. The fulvic acid L-16 was

Tubl" 6.1 Gharug!"r¡"tiò

pH
texture

o.M. (%)

E.C. (dS m-2)

soiltest NO.'(kg ha-1)

soiltest PrO, (kg ha-1)

soil test KrO (kg ha-r)

soiltest gOot-1kg hau¡

7.5
loamy sand

2.2
0.3
54

16

80

19
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fonnulated rvith Cu salts to produce the fulvic acid treatrnents. A description of L-16 is

presented in Appendix (I).

All Cu sources rvere applied in four combinations of ¡ares and methods. The four

rateswere0,03,0.4,and0.6kgha-,. The0.2and0.6kgha-r rateswereappliedasa

single application at the 4-leaf stage of the rvheat crop. The 0.4 kg ha-l treatmenr was

applied as a split application, 0.2 kg ha-r at the 4-leaf stage and a subseque nt 0.2kg ha-l

application ten days following the first application. Therefore, the 0.4 kg ha-r rate can be

regarded as a2 x 0.2 kg ha-r treatment. All treatments were applied as foliar applicatio's

diluted with water to apply in 110 L ha-r of solution.

Nitrogen (80 kg ha-i) was applied as a broadcast post plant treatment. phosphorus

was applied with the seed at 9 kg ha-r 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 moisfure 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 lI at arate of g4 ke ha-

1. Plots were 1.6m wide x 5m in leneth.

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 m2 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 (Ig73). The plants samples rvere

dried, weighed, and finely ground using a stainless steel blade. The Cu concentration in
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the plants w'as detennined using graphite furnace atomic absorption follor.ving digestìon

of sampies i'vith a nitric-perchloric acid mixture. The tissue samples were also ana1yzed

for Fe, zn, andiVn by flame atomic absorption. At maturity, the total above-ground

portio' of 6 meter of row (4 rows x 1 .5 meter in rength for the 0.2 and 0.4 kg ha-r

treatments, 2 rows x 3 meter in length for the 0.6 kg ha-l 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, suite2220, 1g1 Bay street, p.o. Box g19, Toronto, oN, M5J 2T3).

Treatments were considered significant if the pr>F value lvas 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 >0 kg ha-r (Table 6.5). This suggesrs

that split applications of Cu were superior to single applications and./or that the Cu

fefülizer applied at the later growth stage was much mo¡e effective in increasing Cu

concentration in tissues than the Cu fertllizer 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.

kon, Zn, and Mn concentrations in rvheat tissues were not affected bv Cu

application (Appendix IV).
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Table 6.2 Effect of foti"
Rate and Method of Cu Application (kq ha-r

x 0.2) kq ha'l
GuCl,
EDTA
F.A.-1

F.A.-2
F.A.-3

2.1

1.9

z-l
2.1

J.U

9.5

+.,5

4.4
7.2
4.5

a4z. l

?r

¿.ó

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 rvas evident, in

"vhich 
yield decreased in the order (2 x 0.2) > 0.6 > 0.2 >0 kg ha-r which was consistent

with concentration of Cu in the tissues at early growth stages. Wheat biomass increased

with Cu application and the split applications of Cu (2 x O.Z) were significantly better

than the single application of cu (1 x 0.2) at an earlier gror,vth stage.

In comparisons of source of Cu, the CuClz was significantly superior to all other

treatments for increasing biomass (Table 6.5 and 6.6). This was interesting since the

CuClz treatment was not superior to other forms in increasing Cu concentration. This

suggests that the CuCl2 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 f

Rate and Method of Cu Application ha-t
(2 x 0.2) kq ha-1

CuCl2
EDTA
F.A.-1
F.A.-2
F.A.-3

2514
1717
1-7 A7tlat

2064
1 865

4290
3209
2527
3325
2949

3031
zcöð
2540
2187
1824

Application of Cu significantly increased final grain yields of wheat (Table 6.4

and 6.5). There were also significant rate effects in rvhich the 0.6 > 0.2 > 0 kg ha-r. 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.

CuClz 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.-l. yield

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

Table 6.4 Effect of foliar Cu application on wheat gra¡n y¡eld; (k; hF
Rate and Method of CuApplication (kq ha

Cu Source 0.2 kq ha-l (2x0.2'l kq ha-1 0.6 kg ha-1
CuCl2
EDTA
F.A".1
F.A"-2
F.A"-3

374

ol
lÃo

146

ITJOJ

813
620
4U
808

JZO

¿c.5

189

628
Control ¿o
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[*j1: j:'rl::::,:' ""arvsis 
or .

iolomass at maturity, and yield on a loamy sand.

Wheat YietdsCu Concentration Wheat Biomass

F-value
Rep

Cu Source
Rate

Rate*Cu Source
Error

8.91**
9.45**

63.61"*

2.30*

= significant at 0.05 level
* 

= significant at 0.0001 level'= s¡gnÍf¡cant at 0.0001
f = degrees of freedom
S = Means S

able 6.6 Contrast analysis of Cu applicatiò
on a loamv sand.

Gu Goncentration
0 vs 0.2

0 vs (2 x 0.2)
0 vs 0.6

0.2 vs (2 x 0.2)
0.2 vs 0.6
x 0.2) vs 0.6

NS

NS

ns

Gu Source
CuCl2 vs EDTA
CuCl2 vs FAl
CuCl2 vs FA2
CuCl2 vs FA3

EDTA vs FA1

EDTA vs FA2
EDTA vs FA3
FA1 vs FA2

FA1 vs FA3

FA2 vs FA3

ns

NS

NS

NS

ns

NS

ns

NS

NS

NS

NS

ns

NS

ns

NS

NS

NS

NS

NS

ns

NS

NS

ns
ne

NS

NS

s = non-significant

= significant at 0.05 level of probability
* 

= significant at 0.0001 level of
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6.5 Discussion

The results of this study showed that foiiar application of Cu significantly

increased the cu concentrations of r.vheat tissue grolvn 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 Cu was also evident in r.vhich the higher

application rates of cu increased cu concentration in tissues more than the lo,uver 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 4-1eaf staee.

These findings are arso consistent with previous work (Gmndon 19g0).

The F'A'-2 and CuClz 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 i988)' 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 fomls of Cu have been very effective in correcting Cu deficiencies

(Zekri and Koo 1992). The cuticle has been sho,,vn to be the nrost limiting factor in

absorption by the leaf (Kannan i986). Since the cuticle is considered to be non-living,

the movement of Cu across the cuticle can be described by Fick's law fl(annan i 9g6).

Studies sholv that the movement of Cu across the cuticle is very slo,"v when applied in

distilled r'vater without Cl but r,vhen the Cu rvas applied as CuCl2 the rate of absorption is

much greater' A possible explanation has to do rvith the salt concentration of the solution

and the negative charges in the cuticular membranes at physiological pH values. When

the salt replaces pure water in the receiver, conditions for selÊdiffusion may be produced

(Kannan 1986). Thus the CuCl2 form may have greater absorption due to the presence of

the cl- anion. This charge balance effect has been shown for NHa* and poa3- in which

the absorption of NHa* increases the absoqption of pO+3- 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-l while the

molecular weight for fulvic acid is between 1,000 to 30,000 g mol-r (paul and clark

1996). Since the smaller molecule should be more easily 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 tetraacetic 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 tissLres to a greater extent than for the other forms resulting in less contact and

consequentiy less uptake.

Significant scorching of the wheat tissue was noted for the CuClz treatments.

Scorching of the rvheat tissue mayplay a role in improving the absorption of the Cu2*.

Scorching of leaves through foliar application of inorganic fertilizers is common.

Scorching of leaves is enhanced particularly in r.varm, 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 rvater soluble and

lost in rainfall events, which rvould increase the Cu concentration from CuCl2 relative to

EDTA. Another factor to consider is that the scorching of the leaves may have reduced

photosynthetic capability of the wheat resulting in reduced growth. The reduced srowth

would have increased the concentration of cu by decreasing the biomass.

Since fulvic acid is water-soluble at any pH, the fi:lvic acid should be as warer

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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CLrCl2 signit-rcantly increased the final lr¿'heat biomass relative to all other

treatments at ail rates of cu. This ,,vas interesting since cucl2 did not significantly differ

frorn the othet treatments in Cu concentra¡ion at the 0.2 and 0.6 kg ha-1 rates. This leads

to the possibility of a confounding factor. The application of cuclz may have resulted in

a response to Cl-' This was a loamy sand soil, which suggests that leaching and lo,,v

levels of Cl- are possible. wheat has also been shown to respond to cl- application (Grant

et al' 1998)' Therefore, improvement of yreld with the CuClz may have been due to

nutritional effects of both Cu and Cl.

Final grain lelds in this st'dy 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 i'
relation to total biomass (Srivastava 1996).

Copper is immobile within the plant under deficient conditions (Tisdale et al.

1993)' Although treatments atthe (2 x 0.2) kg ha-r 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 fertilify and a

Cu deficiency results in sterile pollen (Grundon 1980). This may be a factor in the low

grain yrelds of wheat in this study. Wheat yield could have been increased even more

than observed for the (2 x 0'2) kg ha -l 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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"vithin 
the plant tissr-re allor,ving for mobility of Cu from the lor,ver leaves to the grain.

This in turn tvottld allor.v for increased Cu fbr grain filling and consequently higher

yields' Copper concentration in piants rvith EDTA r,vas significantly lower than with the

fi-rlvic acid-2 but seed yrelds 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 mobiie r,vithin the plant versus

inorganic sources of Cu (Fenandon and Chamel 19gg)

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

i 981). A complexed form of Cu i,vould be more water soluble and mobile within the

plant' Holever, if the complex is not stable r.vithin 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

f,rxed through reactions with amino acids within the plant. This makes the Cu immobile

and if no fuither sources of Cu are available to the plant, the plant will be Cu def,rcient at

the time of grain 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 def,rency.

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 wheat at grain filling. It would

have been interesting 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 appiications of Cu lvere effective in improving the r.vheat tissue Cu

concentrations, biomass, and yreld. Concentration of Cu in plant tissue was similar for

the various Cu sources.

Biomass signif,rcantly increased with the application of Cu. The CuClz 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 Cl- on olant

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.

96



7. EFFECT OF LEONARDITE O¡{ 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 availabllity to canola. Argentine canola Brassica rtapus (cv.

LG 3310) was gro\,vn on a loamy sand textured soil. Treatments for the Cu study

included CuC12, Cu-EDTA, Cu-Humic acid, and Cu-Fulvic acid. Treatments for the Zn

str-rdy included ZnCl2, 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

compared to broadcast treatments. Concentration of Cu in canola with Cu-humic acid

was significantly lower than with the CuCl2, Cu-EDTA, and Cu-fulvic acid. Cu-fulvic

acid was the only treatment that significantly increased the Cu concentration relative to

the control plants. Copper accumulation in plants was significantly greater with foliar

than with band application. Form of Cu did not affect Cu accumulation. Zinc treatments

were ineffective at increasing canola biomass. Foliar application of Znsignificantly

reduced canola biomass relative to soil applied treatments. Zn-EDTA significantly

increased Zn concentration compared to ZnCl2and Zn-humic acid. Zn-fuivic acid

signifîcantly increased Zn concentration compared to Zn-humic acid. Foliar application

signifrcantly increased Zn concentration compared to the soil applications. EDTA and

fulvic acid significantly increased Zn accumulation compared to the control planrs.
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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, znto crops.

Humic acid applied to soil increased the Cu concentration in barley (Elgala et al. 197g,

Metwally et al' L976). The uptake of Znby wheat was significantly increased by a soil

application of fulvic acid (Gupta and Deb 1985). ln other studies, the concentration of

Zninnce and wheat significantly increased when humic acid was applied to soil.

h 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. 197g).

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 (Dkh ar et al. 1gg5). 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 determine the availability of Cu and Znto canola

when using humic and fulvic acids as carriers or chelates of these metals. The plant

availability of Cu andZn from Cu and.Znhumic and fulvic acids were compared to the

availability of Cu and Zn from traditional sources.
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7.3 Nlaterials and Nlethods

A groi'vth chamber study was conducted to detennine the effèctiveness of various

Cu and Znferftlizers applied to Argentine canola BrassÌca naptts (cv. LG 3310). Three

methods of application were evaluated: broadcast and mixed ,,vith 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 Gharacteristics of a loamy sañ
sru(¡tes wtrn numlc and lulvlc acid in 1ggg.

pH
texture

o.M. (%)

E.c. (dS m-2)

7.5
loamy sand

2.2

0.3
O.M. = organic matter
E Ç.= electrical conductivity

Studies with Cu andZnwere 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 (CuCl2 or ZnCl2), 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) rvere used in this study. Charactenzation of the humic and fulvic

acid is provided in the Appendix (!. The Cu and Zn humic acid and fulvic acids were

prepared by reacting inorganic salt with the acids.
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The lèrtilizer was either broadcast (applied and Lrniformly mixed throughout the

soil in the pot) or banded approximately 5 cm below the seed just prior to planting. The

fertilizer bands consisted of piacing 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 avery 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 -l of Cu or Zn for the soil treatments

and 1 kg ha -r for foliar treatments.

A basal application of nutrients consisting of 200 ppm of N as urea, 100 pprn of p

as monoaûlmonium phosphate, and i00 ppm of K and S as K2SOa was applied at time of

planting. A subsequent application of 200 ppm N r.vas applied at the 4 leaf stage. The

growth chamber conditions used were near ideal. Sixteen hours of light was followed by

8 hours of darkness. The daytime temperatures were 250C and the night temperafures

were 130c. The relative humidity remained constant at 600/o.

Plants were haryested 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 and use of an atomic

adsorption spectrometer.
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7.4 Results

Cu Study

Copper fertilization did not significantly affect the above-ground biomass

production of canola (Tabie 7.2 and 7.5). Hor,vever, 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 \¡/as no

significant difference in biomass between the band and foliar applications or befween the

band and broadcast applications (Table 7.6).

The Cu concentration in tissue with the Cu-humic acid was significantly lower

than with cucl2, 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 the broadcast applications or between band and broadcast application.

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

presented in the Appendix (V, Vtr).

Table 7.2 Effect of Gu fertilizer on biomass
cation Method

CuCl2
EDTA

Humic Acid
Fulvic Acid

16.4
16.0
'16.0

15.8

16.5
14.3
14.8
15.3

4/1 Itt. I

13.2
16.0
12.6

14.0

t0l



Table 7.3 Effect of Cu fertilízation on 
"o

GuC12

EDTA
Humic Acid
Fulvic Acid

4.4
4.8

+.¿

?o

/1 
^

5.4
5.9
4.0
6.9

/1 1r. l

Table 7.4 Effect of Gu 
Îertilízation on accum

ication Method
Broadcast

GuGl2
EDTA

Humic Acid
Fulvic Acid

0.072
0.076
0.054
0.066

0.058
0.056
0.049
0.061

0.076
0.078
u.uo¿+

0.087

able 7.5 Statistical analysis of Gu application o
acqumulation on a loamv sand.

Ganola Biomass Goncen Cu Accumulation

Rep
Cu Source
Applicatíon

Treatment*Application
Error

2

4

2
R

28

390.1 I
515.45
1151.77

139.97
256.28

= significant at 0.0S level
* 

= significant at 0.0001 level
= degrees of freedom
= Means
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able 7.6 Contrast analysis of Cu apþtiõation on Cu concentration, wne@on a loamy sand.
Cu Source Ganola Biomass Gu Accumulation

Control vs CuCl2
Controlvs EDTA

Control vs Fulvic Acid
Control vs Humic Acid

CuCl2 vs EDTA

CuCl2 vs Fulvic Acid

CuCl2 vs Humic Acid
EDTA vs Fulvic Acid
EDTA vs Humic Acid
Fulvic vs Humic Acid

tts
tt5

NS

NS

ttò

NS

Itò

NS

NS

NS

NS

ne

lication Method
Band vs Broadcast

Band vs Foliar
Broadcast vs Foliar

s = non-significant

= significant at 0.0S level of probability

1* = significant at 0.0001 tevel of

Zn Study

Zinc source did not affect the biomass of canola (Table 7.7 and.7.r0). However, a

significant application method effect was observed. Foliar application s 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 'lr). 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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T"bl" 7.7 Eff""t of zn flttilit"tion on bior"tr of *noluGioTon u toarny sand in 1999.
cation Method

ZnClZ
EDTA

Humic Acid
Fulvic Acid

lA ata.z

t¿.c
15.1

14.0

14.0

tc.l
'1/1 I
tl. I

tJ.o

11 /1

13.2

rJ.+
I t.o

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 rvas significantly greater than

withZnClz and Zn-humic acid. The fulvic acid treatment significantly increased the Zn

concentration in canola compared to the humic acid treatments (Table 7.g and 7.I0).

Application method also had a significant effect onZnconcentration. 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 Zntreatment (Table 7.9 and,l.rc).

In treatment comparisons, the EDTA and the fulvic acid treatments significantly

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, VItr).
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Table 7.8 Effect of Zn fertilization on concentratio
ication Method

ZnCl2
EDT.A

Humic Acid
Fulvic Acid

26.2
33.7
25.4
28.1

24.5
39.7
¿o.J
21.0

J/.J
Jl+.Y

¿o.ó

56.6

Table7.9EffectofZnferti|izationonaccumulatonof
loamy sand in 1ggg.

lication Method
Zn Source

ZnCl2
EDTA

Humic Acid
Fulvic Acid

0.373
0.403
0.383
0.401

0.344
0.623
0.37'1

0.284

0.423
0.481
0.357
0.682

able7.10Statisticalana|ysisofZnapplicatio
Zn accumulation on a loamy sand ín 19gg.

Canola Biomass Zn Concentration Zn Accumulation

Rep
Zn Source
Application

Treatment*Appl ication
Error

2
ÀT

2

I
28

= significant at 0.05 level
= significant at 0.0001 level

df = degrees of freedom
MS = Means
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able 7.11 Contrast analysis of Zn apptiããtion on Zn
Zn accumulation on a loamv sand.

çofìcenIrailon, c nola b¡omass and

Zn Source Canola Biomass Zn Concentration Zrl Aenllmrrl¡fi
Control vs ZnCl2
Control vs EDTA

Control vs Fulvic Acid
Control vs Humic Acio

ZnCl2 vs EDTA

ZnCl2 vs Fulvic Acid

ZnCl2 vs Humic Acid
EDTA vs Fulvic Acid
EDTA vs Humic Acid
Fulvic vs Humic Acid

ilù

NS

ns

ilJ

NS

NS

ttù

NS

NS

ns

ilò

NS

tl5

NS

NS

ne

NS

NS

NS

NS
Application Method

NS

NS

Band vs Broadcast
Band vs Foliar

Broadcast vs Foliar

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 leaves due to the acid,ity of the fulvic acid solution. Foliar

applications were applied using the same volume of solution. The volume of water ad,ded

holvever,'ù/as not dilute enough to reduce the acidify of the fulvic acid solution.

The lack of response in biomass to Cu application was probably due to two

reasons' The level of Cu in the soil was above the critical level for canola even though

the soil was coarse and had a low organic mafter content. Secondl¡ 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 CLr had been applied) were above the sLrfficiencylevel of 2.7 ppm.

Therefore, a response to cu fertilization shoLrld not have been expected.

Concentration of Cu in canola r,vas 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' lt 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 field.

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 inthe soil.

Control plants (no Zn applied) had a tissue concentration of i9 ppm Zn. The sufficient

level of Zn required by canola is about 15 ppm (Srivastava Lgg6). Thus, the control

plants had sufficient levels of Znwithout fertilization.

All Zn-tteatments signif,rcantly increased the Znconcentration of canola.

However, in comparison of treatments, Zn-EDTA significantly increased the Zn
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concentration verstls ZnCl2 and Zn-humic acid and Zn-fulvic acid signif,rcantly increased

the Zn concentration versus Zn-humic acid. Therefore, Zn-EDTA \,vas a highly effectil,e

form of Zn fertilize¡. The increas e in Zn concentration with Zn-EDTA in this study as

rvell as the increas e tn Zn concentration when Cu-EDTA rvas 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 Znconcentration of

canola. However the increas e in Zn concentration was likely due to the reduced biomass

of canola. The foliar application of Zn treatments scorched the canola tissue. This may

have 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

CuClz, 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 cucl2, cu-EDTA and cu-fulvic acid. Foliar
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application of Cu treatments significantly increased Cu concentration of canola but

significantly lor.vered canola biomass.

Zinc tteatments 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 Znconcentration

of canola tissue.
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8. EFFECT OF LEO¡.{ARDITE ON THE SOLUBILITY AND CONCENTRATION
OF CD IN DURUM WHEAT DUE TO NITROGEN FERUTZ TTOX

A gror,vth chamber study was ."n¿:i:ri1",.,',r',n. the efre*ive orleonardire

on Cd solubility and uptake in dumm wheat treated with N fertilizer. Durum wheat

Triticttm durum (cv. Sceptre) was grov/n on a clay loam soil. Three rates of N were

applied as urea; 0,250 and 500 ppm N. T'uvo fonns of leonardite were used in this study,

a dry powder form (L-31) and a liquid formulation (L-11). Both forms of leonar-dite were

applied at two rates. The dry leonardite was applied at 100 and 400 ppm while the liquid

leonardite was applied at 0.05 and'0.2 pL g-I 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 recenr years

because of its association with various health problems (Mitchell lggT). 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

becomes more acidic, the availability of Cd is magnified (Mitchell lggT). Erickson

(1990) found that 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 acidiffing ammonium fertilizers. Acidif,iingfertllizers such as ammonium

sulphate, ammonium nitrate, and urea has been shown to increase the exchangeable and

water-soluble Cd in soil (V/illaert 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 - g.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 al. (1998) discovered that addition of humic acid

resulted in greater adsorytion of Cd and reduced the mobility of complexed Cd. This

reduced the amount of cd that r,vas absorbed by the plant roots.
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The addition of hr-rmic acid reduced ti-re activityof Cd in soil sollrtion and

consequently reduced the cd absorption by plants (Tyier and McBride 19g2).

This study rvas 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 grorvth chamber study was conducted in order to determine the effect of an

organic amendment, in a solid or liquid phase, on concentration and accumulation of Cd

in Canadian Western 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. Procedures specific for the various soil chemical characteristics are described in

Appendix Xa. Characteristics of soil used in this study is presented below (Table g.1).

IqÞLe 8.1 Characte¡is!!.qs of a Oà
Characteristic

pH
texture

o.M. (%)

E.c. (dS m-2)

7.5
clay loam

3.6

0.2
o.M.
E.C.

= Organic Matter
= 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 porvder form of leonardite was applied
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at tu'o rates: 100 and 400 ppm r,vhereas the liquid leonardite r,vas applied at 0.05 and 0.2

,-l
UL S' ol soll.

Each treatment consisted of a 2 L plastic pot with 2 kg of soil. Each pot contained

4 durum rvheat plants. Growth chamber conditions were set to simulate optimal grorving

conditions. There were 16 hours of daylight followed by 8 hours of darkness with the

temperattue set at 25oC during daylight hours and 12oC during darkness. The relative

htrmidity remained constant at 60%o. Each pot was watered so that water stress did not

occur. Field capacity and PWP were calculated for the soil type. Water r.vas added so

that the available'"vater remained betr.veen 60 and r00% of field capaciry.

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 Treatments

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 utea fertllizer 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 i00 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.

Haryest
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The dr-rrr-rm rvheat plants rvere han'ested at the boot stage by cutTing the plants

close to the soii surface. The plant material rvas dried. lvei-qhed, and ground usinq 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 230oC for 2 hours. The plant samples r.vere

analyzed for cd, cu, zn, and Mn tissue concentration. cadmium was analyzed,by

graphite fumace atomic adsorption. cu, zn, and Mn were analyzed.by flame atomic

adsorption. Total biomass and accumulation of cd, c\, zn, and Mn were also

determined.

8.4 Results

Effect of Leonardite on Durum Wheat Biomass

Wheat biomass was signìf,rcantly affected by N fertilizer, with yields significantly

decreasing in the order: 250> 0 > 500 ppmNwhenNbroadcast 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-1 of the dry form signif,rcantly increased

biomass.
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able 8.2 Effect of leonardite and nitrogen applicationìnìurum wrreat
biomass at the boot staqe (q oot-')

lication Method

te of N (uo o-t
Leonardite Source and Rate

0 Leonardite
100 uL g-t L-31
400 uL gt L-31

0.05 uL g-1 Humic Acid
0.2 uL g-1 Humic Acid

Effect of Leonardite on cd concentration in Durum wheat Tissue

Nitrogen fertilization significantly increased the Cd content of tissue (Table g.3

and 8.4) with concentration of Cd significantly increasing in the order 0< 500 < 250 ppm

N.

Leonardite, when broadcasted in the liquid and dry forms, signiñcantly increased

Cd content of durum wheat. ln 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.

|-able8.3Gdcontentofdurumtissueatbootstageasa@
and leonardite (ug g-t).

Application Method
Broadcast Banded

Rate of N (pom) Rate of N looml
Leonardite Source and Rate 0 250 500 0 250 500

0 Leonardite
100 uL gt L-s1
400 uL g" L-31

0.05 uL g-1 Humic Acid
0.2 uL q-1 Humic Acid

0.'195

0.289
0.290
0.217
0.210

0.282
0.556
0.606
0.369
0.350

0.201
0.286

0.245
0.273
0.248

0.215
0.211
0.228
0.297
0.291

0.435
0.440
0.427
0.449
0.445

0.483
0.393
0.384
0.536
0.462
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ab|e8.4Statistica|analysisofnitrogenand|eonardit".pp
concentration, and cd accumuration on a Grey Luvísor in 1ggg.

Durum Biomass Cd Concentration
F-value

Rep

Nrate
Lsource

Application
Nrate*Lsource

Nrate*Application
Lsource*Application

N rate*Lsou rce*Appl ication

Error

2

2

4

1

R

2
11I

8

oo

0.19

33.94
2.09
2.31

1.43

I LYC

^ 
/1 I

1.10

0.69

0.28
49.31**
3.05*
3.35
2.07

17.37**
0.59

0.001

0.290
0.004
0.077
0.021
0.060
0.032
0.008

0.009

0.07

30.25**
0.41

8.'15.

2.24*
6.36*
3.39.
0.82

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

S = Means

able 8.5 Contrast analysis of nitrogen
Cd concentration on a Grey Luvisol.

Cd Concentration

0 vs 250 ppm
0 vs 500 ppm

Leonardite Source and Rate
0 vs 0.05
0 vs 0.2

0 vs 100

0 vs 400
0.05 vs 0.2

0.05 vs 100

0.05 vs 400
0.2 vs 100

0.2 vs 400
100 vs 400

NS

NS

NS

ns

ns

NS

NS

NS

NS

NS

ns

ns

NS

NS

NS

NS

Band vs Broadcast

s = non-significant

= significant at 0.05 level of probabílity

= significant at 0.0001 level of
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trffect of Leonardite on Micronutrient Concentration in Ðururn trVheat Tissue

Application of N significantly increased the Zn concentration of durum r.vheat

tissue (Table 8.6 and 8.9). Zinc content rvith broadcasted N r,vas significantly greater

than r,vith banded application. The liquid form (L-1 1) of leonardite, at 0.2 uL g-r, reduced

the concentration of zn in durum wheat. Horvever, the dry form (L-31) had no

significant effects on the Zn concentration in the plants.

Iable 8'6 Zn concentration of durum as affected by N fertilization and leonardite
(mg kg-t).

Application Method
Broadcast Banded

Rate of N lppm) Rate of N (ppm)
Leonardite Source and Rate 0 250 500 0 250 500

0 L-31

100 ppm L-31

400 ppm L-31
0.05 uL g-r Humic Acid
0.2 uL g-r Humic Acid

¿o.ó

36.1

27.3
28.0

22.8

41.5

44.4

4ó.þ
óo.¿+

35.5

38.B

45.5
47.7
40.2

38.3

30.2

24.0
25.5
28.3

25.9

37.0
37.6
36.1

.70. t
öo.J

49.5
?oÃ

34.6
38.0
34.9

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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able8.7MnConcentrationofdurumasaffectednyrure'tffi
(mq kq'r).

ication Method

Rate of N
Leonardite Source and Rate

0 L-31
100 ppm L-31
400 ppm L-31

0.05 uL g-r Humic Acid
0.2 uL g-1 Humic Acid

34

JI

?7

zo

378
420
548

434
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.

able 8.8 Gu concentration of durum as affected N fertilization and leonardite

Leonardite Source and Rate
0 L-31

100 ppm L-31

400 ppm L-31
0.05 uL g-1 Humic Acid
0.2 uL g-1 Humic Acid
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able 8'9 Statistical analysis of nitrogen and leonardite appl'rcation on Zn, Mn, 
"na 

cu
concentration of durum on a Grey Luvisol.

Zn Concentration Mn Goncentration
F-value

Rep

Nrate
LSOUTCe

Application
Nrate*Lsource

Nrate*Application
Lsource*Application

N rate*Lsou rce*Appl ication

Error

2

2

4

1

I
2

'1T

R

oo

o.oó
1522.01

88.81

133.86
10.35

9.50
109.71

38.62

25.53

0.26

59.61**
3.48"
5.24*
0.41

0.37
4.30*

58622
7620266
78960

4680270
66708

2591 91 1

oooott
44845

78187

0.75
97.46**

1.0'1

59.86*"
0.85

33.15**
0.85
0.54

2.46
16.03**

I /1-7

1.60
n7c
4.59.
0.57
4 4llt. tt

= significant at 0.05 level
* 

= significant at 0.0001 level

= degrees of freedom

= Means Squares

Iable 8.10 Gontrast analysis of nitrogen anA I

concentration of durum wheat on a Grey Luvisol.
I Zn concentration Mn Goncentration Gu Accumulation

N rate
0 vs 250 ppm
0 vs 500 ppm

250 vs 500 ppm NS

Leonardite Source and Rate
0 vs 0.05
0 vs 0.2

0 vs 100

0 vs 400
0.05 vs 0.2
0.05 vs 100

0.05 vs 400
0.2 vs 100
0.2 vs 400
1 00 vs 400

NS

ns

NS

NS

NS

NS

ns

NS

NS

tl5

ns

ns

ilù

NS

NS

ns

NS

NS

NS

NS

NS

NS

ilò

NS

NS

NS

NS
Application

Band vs Broadcast

ns = non-significant

'= sígnificant at 0.05 level of probability

'* = significant at 0.0001 level of probability
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8.5 Ðiscussion

Leonardite had no consistent effect on biomass of durum rvheat. It rvas

interesting to note, hor,vever, that treatments r,vith leonardite tended to produce the

greatest biomass. Nitrogen fertilization had a signifîcant effect on biomass of durum

wheat' The yield with 500 ppm N was significantly lower than in the controls. This rvas

most likely due to NH3 or Mn toxicity. Ammonia is considered toxic to plants at high

levels and urea applied on high pH soils has a preference to produce NH¡ The amount of

NH3 that was produced by the 500 ppm N rate may have exceeded crop tolerance levels

resulting 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

solubility and availability increase with greater soil acidity. Since, ammonium containing

fertilizers, such as urea, are known to acidiff the rhizosphere, the acidifìcation of the

rhizosphere will increase the availability of Mn and consequently the uptake of Mn

(V/ilson 1977).

Nitrogen fertilizer, as urea, significantly increased concentration of Cd in durum

wheat tissue. This is consistent with previous research (Grant et al.I996;Mitchell IggT).

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-Mi rugayaand Page 1g76),and formation of complexes (usuatly with chloride

and sulfate ferrilizers) (Mitchell 1997).
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TIie atidition of leonardite (L-3i) and liqLrid humic substances (extracted from

leonardite) (L-11) si-enifìcantiy elevated Cd concentration of durum r.vheat tissue rvhen

applied as a broadcast treatment. These results do not agree with those of Tyler and

NIcBride (1982) r,vho 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 rvith 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

(humic 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 Cd2* ion). It is

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 rvater-soluble Cd concentration is already hieh.
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The application of ìrl fertilizer also resulted in a significant increase in the

availability of Mn, Cu, and Zn. This is consistent with previous r.vork (Thomson et al.

1993). Copper' Zn, and Mn metals occur in soil solution as cations. It is possible that

increases in Cu, Zn, or Mn in solution would compete r.vith Cd for adsorption sites that

would result in increase phytoavailability of Cd. Another possibility is that the functional

goups 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 adsorption of

Cd in the pH range of 3.69 - 9.16, which had reduced Cd availability to the plant. The

pH of the soil used 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 19g5).

Zinc concentration has been reduced in plants due to increased adsorption and

consequently reduced mobility of the complexed zn (warwick et al. l99g). zinc

chelated by fulvic acid reduced uptake of Znby plant roots (Gupta and Deb 1985). The

humic or fulvic acid may also form a complex that is so stable thatZn is unavailable to

the plant.

High concentrations of Cd have also been shown to have an antagonistic effect on

Zn absorption by plant roots. This may be possible due to the solubili zationof Cd bv

urea fertilizer granules.
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8.6 Conclusio¡ls

The application of ieonardite (containing humic and ftllvic acids) in intimate

association with urea fertllizer granules did not affect the concentration and uptake of Cd

by durum wheat r.vhen the N ferttlizer rvas banded in soil. ln contrast, the same fertilizer

materials significantly increased the concentration and uptake of Cd by durum rvheat

r'vhen broadcast. The increase in Cd uptake r,vith the addition of leonardite,was contrary

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

leld 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 oruvheat, beneficially or detrimentally. Analysis on the

chemical composition of r,vheat grain had shown that the application of leonardite did, not

affect chemical composition of plants. Thus, leonardite, if proven to be beneficial to soil

quality could be utilized 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 andZnto canola. However, foliar application of fulvic

acid containing Cu andZn elevated the Cu andZntissue concentrations of canola. This

may be due to improved absorption of the fulvic acid complex or through scorching of

canola tissue due to the lorv pH of the solution.

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

concentration of Cu comparable to that of EDTA. The fulvic acid-Cu complex also

7aA



caused an improvement in wheat biomass and yield similar to EDTA. Horvever, the

inorganic source of Cu was the most effective form of Cu application. This may be

explained through increased Cu2* adsorption sites with the plant cuticle, scorchine of the

leaf tissue, and self diffusion.

The intimate association of leonardite and urea granules enhanced the

concentration and uptake of Cd by durum rvheat when the nitrogen fertilizer r,vas

broadcast. Nitrogen has been shown to increase the solubili zationand 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 rvheat. 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. SUIVINIARY 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 r,vheat 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 ammonium polyphosphate was effective in increasìng the p

concentration of canola. However, the increase in P concentration did not generate an

improvement in yield.

Humic and fulvic acids, derived from leonardite, did not improve the

bioavailability of Cu or Zn when soil appiied. Foliar application of fulvic acid enha¡rced

the Cu andZn 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 wheat yield.

The application of leonardite in intimate association with urea fertllizer granules

applied broadcast, resulted in greater Cd concentration of durum wheat tissue. This is
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likely due to the fonnation of a r.vater-soluble complex formed by the organic acids of

leonardite and Cdl*. Holvever, the field application of leonardite as a broadcast

amendment did not affect the concentration of cd in the wheat $ain.
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11. CONTRTBUTIO¡.{ 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 shorved 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 f,reld and growth

chamber studies conducted in this thesis had shown that fulvic acid has potential to act as

a carrier for Cu and Znwhen 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-1 1

| 1À

L-1 6

L-31
| ÀÊ

L-52

Liquid (Humic Substances)

Dry

Liquid (Fulvic Acid)

Dry

Liquid (Humic Acid)

Liquid (Humic Acid)

Appendix lb. Functional group analysis of leonardite products L-11 and L-31.

Material Total Acidity Carboxylic Funtional Phenolic Functional
(meq/s) (meq/g)

L-11

L-31

7.7

7.1

J.O

1.8
^1

5.4

Appendix lc. Chemicat properties of leonardile products used in various studies.
Moisture {%) Garbon l7J Hydrogen (%) Nitrogen (%) Ash {%l Sulphur (%) Orygen (%) pH

Material AR AT) AR At) AR AD AR AÐ AR AÐ AR AÐ ÁR AD
L-11

L-14

L-16

L-31

L45
L-s2

91.28

*.JU

98.63

35.10

91.90

Y I.JO

0.59

| ¿-ô3

¿-v¿

8.68

t.Jo
'7 14

4.46

28.27

0.51

aÁ aa

3.80

2.82

51.14

43.02

37.22

52.98

46.91

32.69

0.30

0.04

2.59

0.20

0.16

3.47

Z.GJ

2.61

3.99

¿.4 |

1.U

0.10

0.71

0.01

0-79

0.10

0.07

1.18

1.08

0.9
1.2
1.19

0.77

2,25

23.53

0.37

6.17

2.20

427

25.U

35.81

26.89

9.51

27.20

49.41

0.04

0.33

0.01

0.31

0.23

0.47

0,44

0.50

0.49

0.47

2.78

5.49

1.56

11.13

0.44

¿u.oo

1.58

0.85

lt-Yz

16.94

32.26

31.84

19.50

LB0

nla

3.70

5.40

nla
.AR: As received, AD = Air Dried
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Appen9ix ld. Ëlemental composition of leonardite products.

Þ Ba cd Co t,T Cu Fe Hg K La Mg Mn P Þh tr Zn
Material (%) (ppm) (ppm) (ppm) (%\ (ppm) (ppm) (ppm) (ppm (%\ tppm, (%\ tppm (%\ (ppm (/"\ (ppm) (ppm) (ppm)

L-lO

L-45

L-52

0,4

u.o

0.7
1Á

,1

<1

JI

27

636

70

<1

118

lo I

1.70

0.96

0.84

<1

<1

<1

<1

11

A

<1

12

t5

34

I
18
a

JI

0.3

u.o

0.4

0.6

0.03

nla

nla
l.tla

0.8

o.u

6.0

7

13.

12

lo

0.21

o.24

o.17

0.07

¿z

117

98

0.01 I

17.64

U.U IJ

0.002

I
<1

21

200

92

151

106

¿o

40

6
ÊA

Appeldix lla. Chemical cornPeellerTlryheat grain in section 3 of thesis on a Luvisol soíl in 199g.
N S P K Ga Mg Na Zn B Mn Gu Fe AI cd

Treatment (%) (%) (%\ (%\ (%) (%) (%l (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Gontrol

50kg P

150k9 P

500k9 P

1000k9 P

5000k9 P

sOks M

l50kg M

500k9 M

1000k9 M

5000k9 M

50L

1 00L

300L

3.20

3.20

3.30

3.10

3.20

3.60

3.30

3.20

3.40

3.20

3.20

3.30

3.20
a?n

0.20

0.20

0.20

0.19

0.20

0.21

0.20

0.19

0.20

0.19

0.19

0.20

0.19

0.20

0.45

0.46

0.46

0.51

0.46

0.45

0.48

0.46

0.47

0.44

0.45

0.47

0.45

0.50

0.34

0.35

0.40

0.41

0-35

0.35

0.38

0.36

0.35

0.35

0.35

0.37

0.35

0.39

0.04

0.03

0.04

0.04

0.03

0.03

0.04

0.03

0.03

0.03

0.03

0.03

0.03

0.04

0.15

0.15

0.16

0.17

0.16

0.15

0.16

0.16

0.15

0.15

0.15

0.16

0.15

0.17

<.01

<.01

<.01

0.0

<.01

<.0'l

<.01

<.01

<.01

<.01

0.0

0.0

<.01

<.01

46.2

50.4
r+o.ó

58.2

45.8

48.9

50.9

53.6

54.9

45.9

49.3

52.5

+I.O

60.3

1.3

0.5

1.5

0.9

0.8

0.9

0.9

0.4

0.4

0.7

0.8

t.3
ña

aÀF

37.1

44.0

47.9

40.7

41.3

44.5

40.9

+J.J

35.6

41.0

^a 
a

36.s

48.0

<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

1.2

2.2

2.0

t.J

1.3

<1.0

2R

2.1

45.8

49.0

45.3

58.5

48.3

47.1

94.4

65.9

56.6

48.8

69.4

80.0
Ãlo

86.4

15.7

14.5

| 1.J

19.8

1 1.0

14.2

J/.Õ

28.1

14.6

I J.ó

28.8

30.1

| ¿-o

33.6

0.032

0.031

0.036

0.032

0.034

0.034

0.027

0.034

0.042

0.030

0.032

0.034

0.036

0.034
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Apændix llb. Chemical corrposition of v/t€at grain in secfion 3 of thesis on a Lwisol scil in 1s€9.

Ccntrol

50kg P

1s0kg P

500k9 P

1000k9 P

5000k9 P

50kg M

150k9 M

500k9 M

1000k9 M

5000k9 M

501

100L

3001

27

z-o

27
26
¿-o

27

26
26
26
¿-o

¿o

0.18

0.18

0.19

0.18

0.18

0.19

0.18

0.18

0.18

0.18

0.17

0.18

0.18

0.18

0.36

0.37

0.38

0.37

0.37

0.36

0.38

0.38

0.37

0.37

U.JO

0.37

0.37

0.38

0.37

0.37

0.Æ

0.37

0.38

0-38

0.39

0.40

n?o

0.38

0.æ

0.38

0.37

0.38

0.05

0.05

0.04

U.U5

0.04

0.05

0.05

0.05

0.05

o.M

0.0s

0.05

0.@

0.04

0.14

0.14

0.15

^ 
1A

0.15

0.14

0.15

0.15

^ 
4À

0.14

0.14

u. tc

0.14

0.15

0.01

0.01

<.01

0.01

0.01

0.01

<.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

47.2

47.6

529

47.4

49.4

49.6

51.4

51.6

47.6

47 1

48.3

51.3

50.8

521

1.2

1.2

t.(t

1.1

0.9

t.o

¿-J

,t- I

¿-o

1.7

1.6

37.0

38.0

324
aAa

J<'.Y

30.9

J /..1

33.8

39.8

?1 0

4.0

5.2

3.9

4.0

5.5

J.V

5.4

4.7

4.9

5.5

18.0

%.9

¿õ-¿

tc.v

2.2

28.0

17.4

28.8

I O.V

41.2

7)A

n.7
24.3

0.027

0.025

0.028

0.0æ

0.024

0.0æ

0.028

0.02.

0.0æ

0.027

0.028

0.030

0.027

0.028

Appendix llc, Chemical composition of wheat grain in sectíon 3 of thesis on a Chernozem soil in j998.
N S P K Ca Ms Na Zn B Mn Cu Fe AI cd

Treatment (%l (%) (%\ (%) (%\ (%) (%\ (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Control

50kg P

150k9 P

500k9 P

1000k9 P

5000k9 P

50kg M

150k9 M

500k9 M

1000k9 M

5000k9 M

ãUL

1 00L

300L

2.8

2,8

2.9

2.9

¿.J

2.8

3.0

¿.ó

2.9

J.U

3.0

2.9

2.9

2.8

0.17

0.17

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.17

0.18

0.18

0-17

0.17

0.44

0.46

0.46

0.42

0.44

0.43

0.44

0.48

0.4s

0.46

0.43

0.43

0.4s

0.45

0.45

0.48

0.46

0.46

0.44

0.M

0.48

0.50

0.47

0.48

0.M

0.46

0.46

0.45

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.15

0.15

0.16

0.15

0.15

0.1s

0.15

0.16

0.15

0.'f 6

0.14

0.14
n íÃ

0.15

<.01

<.01

<.01

<.01

0.01

0.01

0-01

0.01

0.01

<.01

<.01

<.01

0.01

<.01

À^ F

4t.z
40.1

42.6

43.5

M.0
46.4

43.8

47.7

41.6

40.9

41.3

44.2

3.4

z-I

z-o

2.3

2.2

2.1

2.'l

2.2

2.8

t.o

2.2

2.5

1.2

0.7

22.0

23.2

22.0

24.5

19.7

27.7

28.1

25.5

zt-J

¿5-Y

21.1

23.1

z+..)

21.1

3.6

4.1

4.2

2.6

<1.0

+-J

z.I
z. l

2.0

ó-z

J.J

72.9

98.2

50.1
4íe À

az. I

208.7

125.8

132.2

98.1

108.7

70.4

69.2

63.8

ÀÉ I

32.8

43.4

48.9

76.6

23.7

öo-¿

5.9

205.9

111.5

109.5

68.0

59.s

50.3

0.047

0.052

0.041

0.043

o.o47

0.045

0.044

0.048

0.044

0.047

0.041

0.047

0.042

0.039
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lld. chemical composition of,wheat gta¡n in section 3 of thesis on a Chernozem soil in 1ggg.

Control

50kg P

150k9 P

500k9 P

1000k9 P

s000kg P

50kg M

150k9 M

500k9 M

1000k9 M

5000k9 M

50L

1 00L

300L

2.6

¿.J

¿.3

2.4

2.4

2.5

2.5

2.5

2.5

2.5

.A

2.4

2.4

0.18

0.17

0.1 I
0.20

0.17

o.21

0.17

0.17

0.18

0.17

0.18

0.17

0.17

0.17

043

0.44

0.45

0.M
0.43

0.44

î AF

0.45

0.44

0.44

0.44

0.46

0.45

0.44

0.63

0.70

u.ob

0.67

u.oo

0.70

0.72

0.65

0.70

0.65

0.70

0.74

0.68

0.05

0.04

0.05

0.04

0.04

0.04

0.04

0.04

0.04

0.05

0.05

0.05

0.04

0.04

0.17

0.1 8

0.18

0.1 8

0.17

0.18

0.18

0.1 I
0.1 8

0.18

0.18

0.1 I
0.19

0.18

0.01

0.01

0.01

0.0r

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

42.2

39.4

JT'.J

41.1

43.2

41 .3

41.4

41.9

45.6

42.4

50.0

6.0

q1

3.1

3.5

3.0

2.0

2.3

2.8

1.7

2.3

4.5

3.8

2.9

1.7

30.9

29.5

JZ.J

¿J.ó

JU.Z

30.9

31 .4

33.8
1at

30.5

30.1

JÞ.2

34.4

30.4

5.8

6.4

5.7

6.4

5.9

6.1

o.¿

5.8

6.1

6.2

o. l

6.3

6.3

5.8

lzô

1À

64

40
??

4B

31

ÊÁ

40

122

25

58

t?

1A

37

13

19

JO

26

7

0.1 07

0.1 02

0.1 01

0.088

0.1 15

0.1 00

0.1 00

0.099

0.094

0.093

0.098

0.1 04

0.094

0.109
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APÞendix llla. Concentration of nutrients in canola 20 d after emergence on a Luvisol soil in 19ãg.-

Treatment

0P, No humic acid
6.5P, No humic acid

13P, No humic acid
20P, No humic acid

4.95
Á 11

4.96

4.82

4.60

4.00

3.80

3.93

1.30

1.00

1.00

0.97

2.68

2.33

2.59

0.49

v.+¿

0.49

0.45

4.73

4.30

Á 4F

34.40

28.1 0

30.50

¿t -+v

283

210

2U
236

34.3

45.9
y.2
520

0 P, 12 L ha'' L45
6.5 P, 12 L ha'l L-45

13 P,12 L ha'r L45
20 P,12 L ha'1 L45

4.70

q.J I

4.74

4.53

4.71

4.09

^ 
11

ó.oY

1.25

1.08

0.99

0.94

2.63

¿.JI

2.55

2.38

0.48

0.43

0.46

0.47

4.28

4.15

4.68

36.00

28.90

28.80

31.20

351

225

261

220

38.5

45.2

52.5

îa tl

o P, 24 L ha'1 L-4s

6.5 P,24 L ha'1 L4S
13P,24 L ha'l L4s
20P,24 L ha'1 L-4s

4.83

4.56

À a^

4.67

3.98

4.03

3.83

| .¿J

0.99

1.06

1.01

2.63

2.53

2.52

¿,+ I

0.45

0.45

0.44

0.47

4.38

4.55

36.20

¿J.ZV

31.20

280

280

221

278

JO- I

44.3

45.9

0P,12Lha-] L-S2

6.5 P, 12 L ha'r L-S2

13 P,12 L ha'1 L-sz

20P,12 L ha'l L.52

4.36

4.49

4.46

4.48

3.84

J./Y

J./J

1.28

1.07

0.98

0.95

2.59

2.45

2.45

2.38

0.46

0.46

0.46

0.46

4.48

4.27

4.J3

4.20

33.50

29.80

27.00

29.80

282

221

zto
310

36.4

44.3

49.9

53.s
o P, 24 L ha'1 L-52

6.5 P,24 L ha'1 L-s2

13 P, 24 L ha'1 L-Sz

20P,24 L ha'l L-Sz

4.80

+. to

4.20

4.28

4.M
3.89

3.81

4.04

t.Jo

1.06

1.00

0.99

2.64

2.46

2.45

0.48

0.44

0.46

0.42

4.75

4.38

4.00

4.28

JO.ZU

30.90

28.50

30.00

270

300

256

240

ór+. o

50.5

50.4

50.9

Appendix lllb. Cgncentrat¡on 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

6.5P, No humic acid
13P, No humic acid
20P, No humic acid

4.91
ÀEq

^81

4.65

2.79

2.95

2.94

2.85

0.85

0.69

0.73

0.74

2.83

¿,o I

¿.oz

2.71

0.38

0.34

0.39

0.35

3.43

J.Oö

3.78

4.00

24.0

21.0

22.7

22.1

117

84

93

100

34.3

39.7

43.9

48.3
0 P, 12 L ha'1 L-4S

6.5 P,12 L ha'1 L4S
13P,12 L ha'l L4s
20 P,12 L ha'1 L-4S

4.U
4.64

4.49
AÊE

2.82

2.95

2.57

2.94

0.78

0.70

0.72

0.69

2.62

2.47

2.68

2.56

U.JO

0.35

0.37

0.38

3.18

3.43

.J.V3

?OR

¿J. I

20.0

20.0

22.2

97

89

94

91

35.8

38.7

43.5
Àaa

0P,24Lha't L4S
6.5P,24 L ha'1 L4s
13 P,24 L ha'1 L-45

20P,24 L ha'1 L45

5.20

4.20

4.60

4-óZ

2.98

3.04

2.80

2.83

0.86

0.67

0.71

u./ó

2.81

2.44

2.60

2.54

0.39

U.J /

^ 
2À

0.39

3.78

3.70

J.OJ

4.03

29.6

18.4

21.3

24.9

100

94

96

91

33.6

40.3

45.8
OP,12Lha'1 L-S2

6.5 P, 12 L ha't L-52

13 P,12 L ha'1 L-s2

20 P,12 L ha'1 L-52

4.85

4.83

4.07

2.76

2.86

2.80

z.tY

0.85

0.69

0.67

0.68

2.72

¿-+ t

2.44

2.51

0.37

U.JO

0.33

0.38

3.48

J.OJ
À 12

4-00

23.1

21.1

22.9

22.5

114

85

95

91

35.1

38.7

45.8

43.9
OP,24Lha'1 L-S2

6.5P,24 L ha'1 L-52

13P,24 L ha'1 L-S2

20P,24 L ha'1 L-s2

4.98

4.60

4.72

4.01

2.72

2.88

¿-ó3

0.82

0.65

0.72

0.70

2.70

z-1+
tÀ7

2.62

0.38

0.34

0.37

0.34

4.15

3.90

¿z.J

20.4

lJ.z

19.8

108

86

90

79

JZ.b

JY.t'

43.9

43.2

1/1<
LAJ



Appendix|||c.Accumulationofnutrientsincano|a20dafteremergenceonaLuvisoIsoi|in1999.

Treatment N(s) | K(s) | s ca (s) | Ms (s) | Cu (ppm) | zn (oom) | r" rn...rT¡¡l-Ãl-=
0P, No humic acid

6.5P, No humic acid
13P, No humic acid
20P, No humic acid

0.10

0.25

0.23

0.27

0.09

0.23

0.1 I
0.21

0.02

0.06

0.05

U.UO

0.05

0.14

0.12

0.1 6

0.01

0.02

0.02

0.03

q

25

20

24

190

+u/

5ô0

521

562

1 285

1 362

67

261

303
0P,12L ha'' L45

6.5 P, 12 L ha'1 L45
13 P, 12 L ha'1 L-4S

20 P,12 L ha-r L45

0.15

0.18

0.30

u -¿o

0.14

0.18

0.25

0.21

0.04

0.05

0.06

0.05

0.08

0.11

0.16

u. t4

0.01

0.02

0.03

0.03

4À

tÕ

26

27

252

521
A^Ê

582

1 188

983

1 780

1264

121

193

349

317
0 P,24 L ha'l L-45

6.5 P,24 L ha{ L-45

13 P,24 L ha'1 L45
20 P,24 L ha'1 L-4S

0.13

0.21

0.19

0.28

0.13

0.18

0.19

0.25

0.04

0.05

0.05

0.07

0.07

0.11

0.12

0.16

0.01

0.02

0.02

0.03

12

20

20

27

338

269

468

727

761

1214

1 050

1794

99

t50

218

350
0 P, 12 L ha'r L-52

6.5 P, 12 L ha'1 L-sz
13 P, 12 L ha'l L-S2

20 P,12 L ha'1 L-52

0.12

0.19

0.19

0.26

0.13

0.16

0.17

0.21

0.04

0.04

0.04

0.05

0.75

0.75

0.11

0.14

0.01

0.02

0.02

0.03

12

17

lo

23

I TJ

431

+¿v

594

808

915

I z¿+

1827

106

t/o
223
211

O P,24 L ha'1 L-s2

6.5 P,24 L ha'1 L-s2

13 P,24 L ha'1 L-52

20P,24 L ha'l L-52

0.15

0.30

0.28

0.26

0.15

0.28

0.25

0.24

0.04

0.08

0.07

0.06

0.08

0.18

0.16

0.15

0.01

0.03

0.03

0.03

1E

31

25

¿o

¿zJ

464

492

569

857

2130

1734

1487

110

363

J.JJ

317

Appendix llld. Accumulation of nrfrier¡ts in canola 35 d after ernergence on a Lwisol soil in 1999.

Treatrnent N (q) K (s) S (q) Ga (q) Ms (s) Gu loom) Zn (ppm) Fe (pom) Mn looml
0P, No humic acid

6.5P, No humic acid

13P, No humic acid

20P, No humic acid

0.38

1.05
I 1^

1.09

0.n.

u.bö

0.73

u.oo

0.06

0.15

0.18

0.17

0.22

0.59

0.65

0.62

0.03

0.07

0.æ

0.09

öz

94

3T

or+

too

141

156

925

1928

2UÐ

2369

¿tJ

923

10s4

1175
0 P, 12 L han L4S

6.5 P, 12 L ha'1 L45
13P,12 L ha-r L.45

2oP,12L han L45

0.52

1.17

1.03

1.30

0.31

0.76

0.58

0.76

0.08

0.18

0.16

0.17

0.28

0.64

0.60

u. oo

0.04

0.10

0.0s

0.10

aÁ

86

90

103

115

183

182

1014

2U4
2195

2385

380

æ3

1009

| ¿o.t
0 P,24 L ha'1 L4S

6.5P,24 L ha'r L4s
13P,24Lha{ L4S

20P,24Lha{ L45

0.56

0.59

1.00

1.30

0.32

0.43

0.60

0.84

9.00

0.09

0.?2

0.31

0.76

0.&t

0.07

0.09

0.11

À4

56

78

120

99

t#

131

2M

1090

139S

2W
2757

368

g4
899

1409
OP,12Lha'1 L-52

6.5P,12 L ha'r L-s2

13P,12 L har L-52

20 P, 12 L ha'1 L-52

0.36

0.98

0.82

1.07

0.20

0.53

0.51

0.74

0.06

0.12

0.12

0.17

0.21

0.s0

0.45

0.66

0.03

0.07

0.06

0.09

26

71

76

104

98

120

1n
171

826

1702

1n5
2389

281

tIc

1168
O P, 24 L ha'1 L-Sz

6.5P,24 L ha'1 L-S2

13P,2|Lhar L-Sz

20P,24 L han L-52

0.46

1.04

t.¿J

1.15

0.27

0.61

0.76

0.83

0.08

0.14

0.18

0.20

0.27

0.55

0.63

0.75

0.04

0.08

0.10

0.11

V¿

102

Iuo

114

UJ

186

1U

1012

2W
2U7

289

317

903

I 161

1m

t+o



Appendix lVa. Concentrations of Zn (ppm) in wheat tissue on a loamy sand soil after foli¡
Rate and Method of Cu Applícation

Cu Source 0.4

Cu application.
rg ha-t)

u.b
CuCl2

EOTA

F.A.-1

F.A.-2

F.A.3

23.9

25.2

26.4

31.1

24.7

¿3.U

26.5

23.7

22.7

23.8

21 .7

22.1

21.7

26.4
Uontro¡ 25.1

H[Jpenarx lvD' uoncentratl9nll!-l-q (ppm) in wheat tissue on a loamy sand soil after foliar Cu anolicarion
Rate and Method of Cu Application (kg ha'1)

Cu Source 0.2 0.4 u.o
GuCl2

EDTA

F.A.-1

F.A.-2

F.A-3

133

143

135

120

119

118

103

tto

tto

129

117

111

123

124
Control

Appendix lVc. Goncentrations of Mn (ppm) in wheat tissue on a loamy sand soil after foliar Cu applicãfãil
Rate and tYlethod of Cu Apptication(kg ha'1)

Cu Source 0.2 0.4 0.6
GuCl2

EDTA

F.4.1
F.A.-2

F.A.-3

41.6
Ê47

46.6

46.9

49.5

53.2

46.9

40.9

45.1
ÀÊ I

48.2

46.8

41.6

41.8

49.1
Control 45.7

141



Appendix Va. Concentrations of Zn (ppm) in canola on a loamy sand followinq Cu applicat¡on.
Application Method

Zn Source Broadcast Banded Foliar
ZnC12

Zn-EDTA

Zn-H.A.

Zn-F.A-

¿o.u

29.5

¿¿-+

22.1

29.9

22.7

¿Y.ö

26.9

25.8

1B- 1

.t¿-¿
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
ZnC12

Zn-EDTA

Zn-H.A.

Zn-F.À

55.0

49.3

52.0

50.1

42.8

46.8

56.1

59.9

45.2

56.5

59.7
Control / Þ.o

Appendix Vc. Concentrat¡ons of Mn (ppm) in canola on a loamy sand following Cu application.
Application Method

Zn Source Broadcast Banded Foliar
ZnCl2

Zn-EDTA

Zn-H.À
Zn-F.4"

'160

178

147

151

169

164

143

185

162

159

122

176
Control 177

148



Appendix vla. concentrations of cu (ppm) in canola on a loamv sand followino zn

Application Method
Zn Source Broadcast Banded Foliar

ZnCI2
Zn-EDTA

Zn-H.4.

Zn-F.A-

3.00

2.BB

¿-v¿

3.08

2.94

3.01

2.66

3.1 1

3.18
,l 

^/

2.54
Control ¿.3.5

Appendix Vlb. Concentrations of Fe (ppm) in canola on a loamy sand following Zn application.
Application Method

Zn Source Broadcast Banded Foliar
ZnC12

Zn-EDTA

Zn-H.4.

Zn-F.A

58.2

55.8

78.1

64.3

trl a

ÅA a

126.4

73.4

69.1

56.1

203.7
Control 52.1

Appendix Vlc. Goncentrations of Mn (ppm) in canola on a loamy sand following Zn application.
Application Method

Zn Source Broadcast Banded Foliar
ZnCl2

Zn-EDTA

Zn-H.A"

Zn-F.A.

tóc

121

127

146

142

126

139

t4J
l?o

132

Gontrol 139

149



Appendix Vlla. Accumulations of Zn (ppm) in canola tissue on a

Application Method
Cu Source Broadcast Banded Foliar

Cu-EDTA

Cu-H.4.

Cu-F.4.

424

467

356

380

aÊÀ

456
291

400
Control 343

Appendix Vllb. Accumulations of Fe (ppm) in canola tissue on a loarnv."nd followino õu "nãt¡"läI
Application Method

Cu Source Broadcast Banded Foliar
CuCl2

Cu-EDTA

Cu-H.4.

Cu-F.4.

893

776

830

792

701

668

835

917

aÊÀ

Control 107 1

Appendix Yllc. A""u.rl"tion" of Mn (pprn) i. la tissue on a loamy sand following cu applicationl
Application Method

Cu Source Broadcast Banded Foliar
GuCl2

Cu-EDTA

Cu-H.,4.

Cu-F.4.

2641

2847

zJ0Õ

2787

¿JJ¿

¿ tJc

2839

¿¿ó I

2075

2011

2208
Control 2475

150



ix Vllla. Accumulations of cu (ppm) in canola tissue on a loamy sand following zn applicat¡on.
ication Method

ZnCl2

Zn-EDTA

Zn-H.,A.

Zn-F.A.

+¿- I

36.5

43.8

43.6

47.7

37.6

42.4

47.9
a7À

34.0

Appendix VlllÞ. Accumulations of Fe (ppm) in canola tissue on a loamy sand followino Zn aoolication.
Application Method

Zn Source Broadcast Banded Foliar
ZnClZ

Zn-EDTA

Zn-H.4.

Zn-F.A.

823

694

1177

928

771

812

760

1742

831

957

758

2101
Control 794

Appendix Vlltc.A""u.ulution. of Mn (pp*) ir tissue on a loamy sand following Zn applicatioil
Applicatíon Method

Zn source Broadcast Banded Foliar
ZnC12

Zn-EDTA

Zn-H.4.

Zn-F.A.

1 929

1492

1919

2068

1 880

2222
'f 780

1 903

1 661

1 833

1793

1 531
Control 2128

t5t



Appendix lXa. Accumutations of Zn (mg pot'1) in durum rvheat tissue on 
" 

tilGãt ãt.

L Source and Rate

0 L-31

100 ppm L-31

400 ppm L-31

0 Humic Acid
0.05 uL g'1 Humic Acid
0.2 uL g'1 Humic Acid

Appendíx lXb. Accumulations of Mn '') ¡n durum wheat tissue on a Luvisol soil.
ication Method

Broadcast Banded

I Rate of N (ppm) Rate of N (ppm)
L Source and Rate 0 250 500 0 250 500

0 L-31

100 ppm L-31

400 ppm L-31

160

181

149

3074

2523

2283

4942

5944

5852

I to

123

955

907

JJZ

2128

2474

0 Humic Acid
0.05 uL g'1 Humic Acid
0.2 uL g'1 Humic Acid

160

131

oa

3074

2659

2265

4942

3404

3882

120

141

89

955

988

1133

2128

z too

Appendix lXc. Accumulations of cu (mg pofl¡ 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

100 ppm L-31

400 ppm L-31

24.4

29.6

15.0

12.9

7.8

11.8

12.8

8.9

I z.J

t+.J

21.2

15.5

11.7

14.5

17.7

20.2
0 Humic Acid

0.05 uL g-r Humic Acid
0.2 uL g'1 Humic Acid

15.6

14.3

15.0

10.9

17.3

11.8

8.4

6.4

12.9

17.3

12.0

15.5

I J.Z

14.9

1Á F

t+.o

7.8

t52


