
1+1 Nationat Library
of Canada

Bibliothèque nationale
du Canada

Acquisitions and Dir~tion des acquisllions cl
Bibliographie Services Branch des services bibliographiques

395 Welllnglon Street 395. nle Wclhnglon
Ottawa,Ontarto Oltawa (Ontario)
K1AON4 K1AON4

NOTICE AVIS

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Sorne pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c. C-30, and
subsequent amendments.

Canada

La qualité de cette microforme
dépend grandement de la qualité
de la thèse soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S'il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualité d'impression de
certaines pages peut laisser à
désirer, surtout si les pages
originales ont été
dactylographiées à l'aide d'un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, même partielle,
de cette microforme est soumise
à la Loi canadienne sur le droit
d'auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



•

•

UREA AND ACIDIC PHOSPHATE INTERACTIONS IN FERTUJZER

MICROSITES AND THEIR EFFECT ON CORN (?ea maya L)

YlELD AND NUTRIENT USE EFFICIENCY

by

MINGXIANFAN

Department of Renewable Resources
McGill University, Montreal

April, 1993

A thesis submitted to
the Faculty of Graduate Stndies and Research
in partial fulfilment of the requirements for

the degree of Doctor of Phllosophy

@, MINGXIANG FAN, 1993



.+. National Library
of Canada

Bibliothèque nationale
du Canada

Acquisitions and Direction des acquisitions el
Bibliographie Services Branch des services bibliographiques

395 Wellington Streel
Ottawa, Or,tarie
K1AON4

395. rue Wellington
Onaw. (Onl.no)
K1AON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

L'auteur a accordé une licence
irrévocable et non exclusive
permettant à la Bibliothèque
nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thèse à la disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d'auteur qui protège sa
thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne
doivent être imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-315-91899-3

Canada



•

•

•

Suggcsted short titIe

UREA AND PHOSPHATE IN MICROSIrES
AND THEm EFFECTS ON CORN

..



• Ph.D.

ABSTRACT

Mingxian Fan Renewable
Resources

Fertilizer applications of urea and triple superphosphate (TSP) suifer

from low effieiency for corn production. Band or broadcast application of urea

with aeidic-P fertilizers may inc,'ease fertilizer effieiency. Urea ~d aeidic-P

fertilizer interactions in soil-fertilizer microsites were investigated using two

Quebec soils. Adding aeidic phosphates such as TSP and monoammonium

phosphate (MAP) to urea reduced pH in microsites, urea hydrolysis, NH3

volatilization, and increased Goil NH.- and N03-N contents. Ammonia 10ss
-

decreased as P20 6 : urea·N ratios increased. Adding urea ta P fertilizer

increased soil pH and P sorption when using CaC~ as the electr.:>lyte. Urea

application increased 0.5 M NaHC03 extractable P. Banding urea with TSP

caused dissolution of organic matter in soils, and increased P diffusion and P

concentration in soilsolution sampled with filter paper or in 1M KCl extraction.

Two years of field experiments demonstrated that banding urea with TSP or

MAP increased soil extractable P (Mehlich-3), N and P nutrient uptake, plant

growth and development of corn. Greater P fertilizer effieieneies and higher

yields were achieved by banding urea-aeidic P fertilizers.
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RESUME

Mingxian Fan Ressources
renouvelable

L'efficacité des engrais d'urée et de super triple phosphate (STP) pour le

maïs n'est pas élevée. Les applications en bande ou à la volée d'urée avec les

phosphates acidiques pourraient augmenter leur efficacité. Les interactions

d'urée et de phosphates acidiques dans les microsites d'engrais furent examjnées

dans deux sols Québecois. L'addition de phosphates acidiques comme le STP

et le phosphate monoammoniacal (PMA) à l'urée a réduit le pH dans les

microsites, l'hydrolyse d'urée, la volatilisation de NHs et a augmenté la quantité

de NH.- et NOs-N dans le sol. Les pertes de NHs furent réduites quant aux

augmentations du rapport P20 a : urée. L'addition d'urée à l'engrais phosphaté

a augmenté le pH et l'adsorption de P dans un système utilisant une solution

de CaCl2 comme électrolyte. L'addition d'uréd a augmenté le niveau de P extrait

avec 0.5 M NaHCOs' L'application d'urée en bande avec le STP a dissout la

matière organique dans le sol, augmenté la diffusion de P et augmenté la

quantité de P dissout dans le sol, en utilisant des papiers filtres ou des extraits

de M KCl comme méthode d'analyse. Deux années d'expériences a démontré

que l'application d'urée en bande avec le STP ou PMA a fait accroître le P

extrait avec la solution Mehlich·3, l'absorption de N et P et la croissance et le

développement du maïs. L'efficacité plus élevée de P comme engrais et

l'augmentation en rendements furent atteintes en utilisant des mélanges d'urée

et d'engrais phosphatés acidiques en bande.
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• PREFACE

Urea, triple superphosphate (TSP) and monoammonium phosphate (MAP)

are important N and P fertilizers and their use is growing in the world.

However, several problems have been encountered in the use of urea and P

fertilizers which reduce their effieiency as fertilizers. The purpose of this

research was 1) to investigate the interactions between urea and aeidic

phosphate fertilizer in soil-fertilizer microsites using two aeid Quebec soils, and

2) to evaluate the agronomic benefits and fertilizer effieiency from band

applications of urea with aeidic phosphate fertilizers in the field.

This thesis comprises Bevan chapters, preceded by a general introduction.

Chapter 1 is a review of current literature, which discusses the reactions

limiting fertilizer effieiency when urea and aeidic P fertilizer are applied ta soil

and the potential benefits from interactions between urea and aeidic P

fertilizers. Hypotheses to be tested were generated from this review. Chapter

II presents a rapid method ofmeasurîng pH changes in Boil·fertilizer microsites.

Chapter ID examines the effect of P fertilizers on pH changes, urea hydrolysis

and NHa volatilization. Chapter IV presents the results of the interaction

between urea and aeidic P fertilizers on P sorption in soils, and Chapter V

examines P diffusion and P availability in soil. Chapter VI evaluates the effect

ofbanding ofurea with aeidic P fertilizer in aeid soils on fertilizer effieiency and

corn yield under field conditions. ChapterVII provides soma general conclusions

IV



• and suggestions for future work. Finally, the Appendices containe detailed

resultB related ta this thesis.

Chapter il through VI are presented in paper format, and confonn ta the

requirementB set by the Faculty of Graduate Studies and Research. The

fol1owing statement is excerpted from the Guidelines Concerning Thesis

Preparation (1991):

The candidate has the option, subject ta the approval the Department,
of including as part of the thesis the text, or duplicated published text
(see below), ofan original paper, or papers. In this case the theBis must
still confonn ta all other requirements explained in Guidelines
Concerning Thesis Preparation. Additional material (procedural and
design data as weIl as descriptions of equipment) must be provided in
sufficient detail (e.g. in appendices) to allow a clear and precise
judgement to be made of the importance and originality of the research
reported. The thesis should be more than a mere collelf.ion of
manuscriptB published or to be published. It must include a general
abstract, a full introduction and literature review and a final overall
conclusion. Connecting texte which provide logical bridges between
different manuscriptB are usually deBirable in the interests ofcohesion.

It is acceptable for theses to include as chapters authentic copies of
papers already published, provided these are duplicated clearly on
regulation thesis stationary and bound as an integral part ofthe thesis.
Photagraphs or other materials which do not duplicate weIl must be
included in their original fonn. In such instances, connecting texts are
mandatory and supplementary explanatory material is almost always
necessary.

The inclusion of manuscrïpts co-authored by the candidate and others
is acceptable but, the candidate is required to make an explicit
statement on who contributed to such work and to what extent, and
supervisors must attest to the accuracy of the claims before the Oral
Committee. Since the task of the Examiners is made more diflicult in
these cases, it is in the candidate's interest to make the responBibilities
ofauthors perfectly clear. Candidates following this option must infonn
the Department berore submitting the thesis for review.

Chapter il has been published in the Canadian Journal of Soil Science,

v



• 73: 129-132, 1993. Chapters III, IV, and VI are prepared as three papers and

have been submitted ta the Soil Science Society ofAmerica Journal. AlI ofthese

three papers have been accepted for publication. Chapters fi and IV will he

published in May-Jun. issue, 1993 and Sept.-Oct. issue, 1993, respectively.

Chapter V has been submitted to the Fer,tilizer Research and has been accepted

for publication. Chapter IV was co-authored by the candidate, bis supervisor

Professor A.F. MacKenzie, and Professor I.P.O'Halloran. The other four papers

were co-authored by the candidate and bis supervisor Professor A.F. MacKenzie.

The candidate was responsible for conducting all original research and for

preparing the five manuscripts. Supervisory assistance was provided by

Professor A:F. MacKenzie through general guidance and editarial correction and

comments during the preparation of the manuscripts. Additional editorial

comments for Chapter IV were supplied by Professor I.P. O'Halloran.

VI
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• CONTRIBUTIONS TO KNOWLEDGE

Interactions ofurea with phosphates in soil-fertilizer microsites and their

effects on corn (Zea mays L.) yield and fertilizer efficiency in acid soils were

investigated. Several contributions ta knowledge are presented.

1) A rapid method for measuring pH in fertilizer microsites was developed

using a combination microelectrode and an agar-pH indicatar-soil medium. This

method allows precise monitoring and visualization of dynamic changes in pH

near microsites around fertilizer granules or bands.

2) Adding TSP and MAP ta urea significantly reduced total NHs
.

volatilization, maximum daily rates of NHs loss and delayed the time of

maximum NHs loss rate on both soils. Ammonia loss decreased as P : urea

ratios increased. Ammonia loss from urea was increased with added DAP. The

effects of phosphates were related to their effects on pH in soil-fertilizer

microsites and subsequently urefl hydrolysis. This new finding has major

implications for the application of urea·P mixtures or fertilizer granules for no-

tiIl fertilization or for crops where fertilizer applications are restricted ta soil

surfaces.

3) Increase in P sorption and decrease in solution P with added urea was

found when using CaC~ as the electrolyte, which was relllted ta precipitation

of Ca-P compounds at higher pH values.

4) Banding urea with TSP increased 1 M KCl extractable P, soil solution

VIII
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P sampled with filter paper, sorbed P concentration and total P diffusing from

the band. Urea hydrolysis caused dissolution of soil organic matter, which

might inhibit precipitation ofinsoluble phosphates. These results indicate that

banding urea with TSP could benefit P diffusion to plant roots and increase

fertilizer P availability.

5) Banding urea with TSP or MAP (N:P205 ratio of about 1:1.5 to 3)

increased soil extractable P (Mehlich·3), improved plant growth and N and P

uptake of corn, and increased corn yield. Greater fertilizer use efficiencies and

residual effects of P fertilizer were found when acidic P fertilizer was banded

with a small amount of urea in acid soils. These results suggest banding

application of the mixture ofUrea with acidic P fertilizers such as TSP or MAP

(with the ratio of about N:P20 5 1:1.5 to 3, and the banded urea·N islimited to

under 60 kg ha'!) can be considered as a technique for increasing both crop yield

and fertilizer efficiency in acid Quebec soils, and the potential advantage of

producing fertilizer granules of urea·acidic P fertilizer mixtures.
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Modem agricultural technology based on continuing research has

contributed greatly to the success of present agricultural strategies. One of the

important oools ofimproved agricultural technologyis fertilizer use, particularly

nitrogen (N) and phosphorous (P) fertilizers. Nitrogen is one of the most

important factors limiting crop production, especially in regions where solls are

low in orl;'BDic matter. Phosphorous deficiency is a major yield limiting factor

in acid solls (Clark, 1982). According 00 Sanchez and Salinas (1981), nearly all

acid soils of tropical America are P deficient. Applying N and P fertilizers 00

these solls has been vital in increasing food production in these areas.

Fertilizers have become more expensive, warranting their efficient use to

get maximum output from each input of nutrient. Efficiency in the use of N

from ammonium based fertilizers is estimated at 28 00 59 % under Quebec

conditions (Miller and MacKenzie, 1978), while that for P is oo1y about 10 to

20% (Barber, 1980; Barrow 1980).

Improving fertilizer N and P efficiency will help not oo1y in food

production but in minimizing pollution of our enviro~ent through excess

fertilizer applications. The most effective way to improve N and P utilization

is by minimizing N losses at the farm level and by increasing P availability in

soils (Engelstad and Terman, 1985).

Urea, triple superphosphate <TSP) and monoammonium phosphate (MAP)

are concentrated and cheap solid fertilizers and their use in world agriculture

is growing more rapidly than that of any other fertilizer (Boswell et al., 1985;
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Newbould, 1989). World use ofurea in agriculture is expected to increase from

90 million tonnes (Mt) in 1990 to a projected 111·134 Mt by the year 2000

(Newbould, 1989). In Canada, 50% of total N sold in 1991 was urea·N, and

MAP and TSP accounted for 80% of the total P sold in 1991 (Korol and

Rodrigues, 1993). Yet these fertilizers ~ve some inherent disadvantages. With

the use of urea, agronomists have long recognized two di~i1dvantages: damage

to seedlings and loss ofNHs (Court, 1964; Fenn and Miyamoto, 1981; Ellington,

1986). These problems result largely from the rapid hydrolysis of urea. With

P fertilizer, microsite aeidification from aeidic fertilizers could dissolve reactive

cations such as Fe3+, Al3+, Ca2+ and Mn2+. These ions could preeipitate

phosphate, consequently redueing P availability in Boil.

To avoid or reduce these disadvantages, band application of urea and

aeidic phosphate blends or compacted mixtures are suggested as ways to

increase effieiency through synergistic interactions in soils and in ClOp response.

The aeidic environmentproducedby phosphate might neutralize the pH increase

from urea hydrolysis and reduce urea damage to growing plants or/and inhibit

NHs loss (Stumpe, 1984; Lu et al., 1987). Meanwhile, urea hydrolysis in soil

could increase the concentration of HCOs' and OH', which might enhance the

solubility ofP fertilizer reaction products and inhibit P adsorption on soil (Kissel

et al., 1988). However, interactions of urea and aeidic phosphate in soils and

their effects on crop yield have not been studied extensively. Therefore,

research for this thesis was designed to determine the mechanisms of the

3
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interactions of urea and aeidic phosphates in solls and investigate advantages

of band applications of urea and aeidic phosphate fertilizers in improving crop

yields and fertilizer economics under field conditions.
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• 1. GENERAL PE~INCIPLES

In most arable soils urea is rapidly converted to unstable ammonium

carbamate by soil urease activity (Sahrawat, 1980). Ammonium carbamate

readily decomposes ta produce NH:. OH" and HCOs' according to the following

reaction:

urease
CO(~)s + HsO >HsNCOOmr.

HsNCOONH. + 2HsO > 2NH: + OH' +HCOs'

Ammonium carbamate produces a marked rise in pH and NH:

concentration around fertilizer particles. This increase ofpH results in NHs loss

as represented by the following reaction:

NH: +OH' < > NHs +HsO

These changes in soil solution properties with urea hydrolysis influence N

transformations in soil. root environment, and crop development (Tisdale et al.,

1985; Yadvinder-Singh and Beauchamp, 1989).

Agronomists have encountered several problems in the use of urea as a

fertilizer, including abrupt increases in soil pH, NHs and nitrite toxicity to

seedlings, and gaseous losses ofNHs (Bremner, 1978; Creamer and Fox, 1980;

Keller and Mengel, 1986). The NHs 10ss from surface placed urea can reach 60

to 80% of the applied N (Fenn and Richards, 1986; Gould et al., 1986). These

gaseous losses depend on many soil characteristics and environmental factors,

such as the initial pH of the soil and its butrer capacity, and wind turbulence

at the soil surface. Losses are also affected by the activity of urease, and the

6



• diffusion ofurea and its products into the soil (Rachhpal-Singh and Nye. 1984).

Researchers have attempted to avoid conditions favourable to extensive

NHs losses by adding materials to urea that inhibit dissolution and hydrolY8Îs

of urea, or retard the increase in pH assoeiated with hydrolysis. Coating

materials that slow the dissolution of urea have been found to reduce NHs

volatilization (Matocha, 1976), but high costs have reduced their use by farmers

(Parr, 1976). A number of urease inhibitors have been tested in recent years,

but the rates of application required to inhibit the urease activity are often

economical1y prohibitive (Sahrawat, 1980).

Phosphoric acid, TSP, MAP, ordinary superphosphate (OSP) and poly

phosphate hydrolyse to phosphoric acid and are termed aeidic P fertilizers.

Their effectiveness is determined by the properties of bath the P fertilizers and

soil being fertilized and by the reactions wlùch occur between the P fertilizers

and varioUB soil constituents. Dissolution of granules of water soluble P

fertilizers is fairly rapid, even under conditions of low soil moisture. A nearly

saturated solution of the P fertilizer material is formed in and around fertilizer

granules, droplets and bands. It has been shown that saturated solutions of

TSP and MAP have pH values of 1.0 and 3.5 (Table 1).

When the concentrated P solution moves into the surrounding soil, it will

dissolve some soil minerals resulting in the release of large quantities of soil

cations such as Fe3+, Al3+, Mn:l+ Ca:l+ and Mlf+. Phosphorus in the concentrated

solution reacts with these cations to form prscipitates with various solubilities.
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Table 1. Composition ofsaturated solutions ofP fertilizers <8ample et al., 1980).

Compound Formula pH P Accompaning cation
(mol L'1) (mol L'1)

Monocalcium Ca(HJ>04)2'~O 1.0 4.5 Ca 1.3
Phosphate
Monoammonium NH4H2P04 3.5 2.9 l\"'H. 2.9
Phosphate
Monopotassium R::f4P°4 4.0 1.7 K 1.7
Phosphate
Diammonium (NH4)~04 8.0 3.8 NH4 7.6
Phosphate

In addition, P can be adsorbed on soil constituents at the periphery of the soil-

fertilizer reaction zone, where P concentrations are much lower. Both

precipitation and adsorption occurring at the application site would reduce P

availability in soils. This process is termed P fixation. However, rates of

change and availabilities of the soil-fertilizer reaction products ta crops are

influenced by soil properties and environmental conditions. For example, soil

pH has a profound influence on the amount and manner in which soluble P

becomes fixed. It was reported that P forms low solubility compounds with Fe3+

and Al3+ at low pH, more soluble compounds with Ca2+ and Mlf'" at pH value

near neutrality, and low solubility compounds with Ca2+ at higher pH values

(Sample et al., 1980). There is a wide range in solubility ofthese precipitated

phosphate compounds and their availability ta crops is usually greatest within

the pH range ofabout 6 ta 7 for most agricu1tural soils. The adsorption ofP in

acid soil by iron and aluminum ondes also declines with increasing pH (Naidu

8



• and Syers, 1990).

2. POTENTIAL BENEFITS FROM INTERACTIONS OF UREA AND

ACIDIC PHOSPHATES

Interactions of P and N are eeonomieally important heeause of the

dominant role of N and P as fertilizer. nutrients in most eropping systems

(Malcolm and Farina, 1986). Extensive researeh has been condueted in the past

on agronomie effectiveness of eombinations of N and P fertilizers. Some of the

studies included urea and aeidie phosphates (Engelstad and Tennan, 1980), but

most1y involved urea-phosphorie aeid compounds (Frank, 1986; Urban et al.,

1987). Potential henefits from the interaction of urea and aeidie P fertilizers

should he explored.

1) Improvement of N and P use efficiency by crops

The addition of N fertilizers in combination with P often enhanees plant

uptake of P. There is evidenee that N promotes P uptake by 1) increasing top

and root growth; 2) altering plant metabolism; and 3) increasing solubility and

availability ofP.

A number ofresearchers have reported a synergistie effect on root growth

of supplying N and P together (Sahrawat, 1988). A greater root mass with

added N is believed to he responsible for increasing crop uptake of P. Another

mechanism for NH.-N effect on P uptake is P absorption enhancement by the

root (Leonce and Mill, 1966; Miller et al., 1970). Leonce and Miller (1966)

eonsidered that increased absorption of P by plants receiving NH.-N was

9



• attributed ta: a) the rapid assimilation of NH.-N which increased P uptakej b)

the lowering of the pH in the rhizosphere due ta NH.+ absorption, the resulting

increased proportion ofHJ'Oi ta HPOi2 in solution and enhanced P uptakej c)

the applied N resulted in a larger amounts of plant N compounds, S!lme of

which either contained P (nucleoproteins), or required P for their formation, and

d) increased NH/ ion which increased the activity of P carrier complexes.

2) Reduction of damage to seedling roots or inhibition of NHa

volatilization

The Tennessee Valley Authority (TVA, 1978) has evaluated 10w-pH

fertilizers such as urea'phosphoric aeid (UP). Urea'phosphoric aeid was

equivalent ta conventional higher analysis fertilizers as a P source and had

reduced NHa losses compared with urea. Such material was superior when

fertilizer was tapdressed for pastures (Frank, 1986). The aeidic environment

produced by aeidic phosphates might delay or completely inhibit NHa

volatilization (Stumpe et al., 1984). Bremner and Dougles (1971) found that

phosphoric aeid reduced gaseous losses of NHa by retarding hydrolysis and by

redueing the increase in pH from hydrolysis ofurea. Urban et al. (1987) showed

that UP application decreased NHa losses as compared ta urea alone due ta a

reduction in pH. Chien et al. (1987) measured NHa volatilization losses from

urea on the surface oftwo solls (Windthorst pH 7.6 and Savannah pH 7.0) and

found almost no NHaloss for Mn(Urea.A compacted with TSP at a mole ratio

of Ca<HPO.)2:urea of 1:1 or 1:2. However, N losses of 11% ta 24% for

10



• Mn(Urea,JC12 alone, and 25% to 39% for prilled urea were found. They

eoncluded that additional aeidity produced from hydrolysis ofTSP redueed NHs

losses when materials were applied as multicomponent granules of the metal

salt plus urea plus TSP.

Aeidie phosphate fertilizers sueh as MAP and TSP may influence the

performance of urea in soil by curtailing the rise in soil pH and resultant loss

of NHs. Inclusion of MAP with urea in fertilizer blends placed with seed of

small grain bas improved the etrectiveness of urea in several research trials in

the Prairie provinces ofCanada (Beaton, 1976). The contribution ofthesB aeidie

phosphate materials to the butfering capaeity of the soil was believed to be
.

majnly responsible for the reported benefieial interaction with urea (Nyborg,

1979; Ferguson et al., 1984).

The reduction of NHs losses from MAP and ammonium polyphosphate

(APP), however, was thought to be through the formation ofmetastable reaction

1979), and caleium ammonium phosphate. Formation of these compounds

would tend to inhibit volatilization (Frank, 1985). Furthermore, the HaPO.

eomponent in P fertilizers has been found to retard the enzymatie hydrolysis of

urea by soil urease, thereby, reducing NHslosses for urea (Fenn and Miyamoto,

1981).

The use of aeidie phosphate or phosphorie acid as an inhibitor of NH.

volatilization is made more attractive by the fact that the inhibitor has value as

11



• a fertilizer materill1 and can interact with N to increase N and P availability to

crops.

3) Increasing of P a"aïlability

Reducing P precipitation and increasîng solubility of soil·fertilizer P

reaction products was suggested as the primary effect of a pH increase on P

availability of acidic P fertilizers when applied in acid soils (Hanson and

WestfaII, 1985; Kamprath, 1987).

Urea hydrolysis could neutralize acidity released from the solution of

acidic phosphates. Such a pH increase would reduce the activity of FeS+, AIS+

and Ca2+, reducing P precipitation that might oœur during the diffusion process

(Olsen, et ai., 1954). With the increase of pH, P adsorption could be reduced

due to greater competition of HCOa', and OH' with phosphate ions for sorption

and the increase ofnegative charges on soil particles (Naidu and Syers, 1990).

However, it was aIso reported (Eze and Loganathan, 1990), that P adsorption

can be increased with pH increases due ta the precipitation of amorphous Fe

and AI ondes, which form new P adsorption sites. This pH rise, moreover,

increased HPOi2 over H~04·1 concentration in floil solution, which was more

easily sorbed by Fe and AI ondes (Bowden, 1980; Haynes and Swift, 1989).

Hanson and Westfall (1985) found dual application of N~OH plus

ammonium pyrophosphate (APP) resulted in the increlll'e ofNaBCOa- or Bray

extractable P in three soils. Uptake of P frilm urea +OSP was higher than that

from DAP when fertilizers were either incorporated or placed into soil (LI1 et ai.,

12



• 1987). Lu et al. (1987) suggested that reaction products of OSP in calcareous

soils would he more soluble than reaction products of DAP. DicalciW1.l

phosphate dihydrate (DCPD; CaHP04'2H20) has been identified as the major

initial reaction product of MCP, which is the P component in OSP, whereas

octaca1cium phosphate (OCP; CaSH2(P04k3H20) and hydroxyapatite (HAP;

Calo(OHMP04)~) are the principal reaction products from DAP application to

soil.

The availability and efficiency ofapplied P depend on not only the content

of available P but also the rate and extent of P movement into soil from

fertilizer granules (Benbi, 1987). Applied P fertilizer in the soil typically moves

onlya short distance (Shst'pley, 1987; Eghball and Sander, 1989; Eghball et al.,

1990). This movement is primarily by diffusion processes (Barber et al., 1963;

Barber, 1984) Diffusion of P through soil is much slower than in pure water

for three reasons: (i) soil water occupies only part of the soil so that the cross

sectional area for diffusion ialess; (ü) the diffusion path is tortuous because the

water is present as films around soil particles; and (iii) most of the diffusible P

is adsorbed on soil surfaces which equilibrate with and buffer the small amount

ofP in soilsolution (Barber, 1980).

Assuming that P diffused mainly through solution, Nye and Tinker (1977)

proposed a method (Eq.[l]) for calculating the effective diffusion coefficient, De,

in soil

De =Def dC/dC,

13
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where D is the diffusion coefficient in water (for H2POi, D=O.89 X 10.6 cm2 sec'l

at 25 OC), eis the volumetric moisture content of the soil, fis a tortuosity factor

and dC/dC is the inverse of the buffer capacity of the soil.

For P that is strongly adsorbed on the surface of soil particles, buffering

capacity is one ofthe most important soil factors intluencing diffusion ofapplied

Pinto the soil. Increasing the buffering capacity of P reduces De, and

consequently also reduces the distance of diffusion. The buffering capacity of

P is measured by P adsorption or desorption isotherms. Increasing added P or

reducing soil sorption would reduce the buffering capacity of a soil, because a

higher proportion of the added P would subsequently remain in solution

(Bhadoria, et al., 1991). Therefore, ü band application of acidic phosphate

fertilizers with urea could reduce P precipitation and adsorption in soil, it would

be beneticial to the movement ofP into soil by reducing the P buffering capacity

of soil.

However, research has also demonstrated negative results from

application of urea and urea-phosphoric acid mixtures, Stumpe et al. (1984)

revealed that rapid precipitation ofcalcium phosphates near the placement site

and diffusion ofurea away from the fertilizer placement was responsible for the

poor performance of granular urea-phosphoric acid in highly calcareous solls.

He concluded that urea-urea phosphate mixtures should not be recommended

as a means of reducing NHa volatilization on highly calcareous solls. However

use on noncalcareous solls and soils low in CaCOa merits further testing.
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When certain N and P fertilizers are applied ta soil, they could enhance

dissolution of soil organic matter, wlùch would play a vital role in P

precipitation and P availability. Application of either aqueous or anhydrous

NH3 (Tomasiewiz and Henry, 1985), MAP (Bell and Black, 1970) and the

combinations ofNH.OH and MAP or~P (Myers and Tlùen, 1988) solubilized

organic matter in soil. High pH levels produced by NH3 or NH.OH could

disperse organic matter (Schnitzer, 1978). Clùen et al. (1987) found that urea

hydrolysis enhanced P dissolution and availability from compacted phosphate

rock (PR) in soils having medium ta lùgh soil organic matter contents, compared

to that from compacted PR plus NH.Cl or PR plus (NH.)~O.. It appears

unlikely that N presence or availability from urea and NH.CI or (NH.)2S0.

would be a limiting factor for plant growth. It is more likely that the better

performance of urea than NH.CI in increasing P avallability ta maize from the

compacted PR was due ta the interaction of urea hydrolysis and soil organic

matter that resulted in a greater dissolution of PR in the soil. During the

incubatiJn period with urea, soil pH ranged from 8.5 to 9.7, wlùch would

solubilize soil organic matter. Dissolved organic matter could chelate Ca2+ ions,

and remove them from solution, providing a driving force for the dissolution of

PR at high soil pH values. Such a mechanism has been demonstrated by Chien

(1979) by using a specific Ca-electrode to monitor the reduced Ca-ion activity in

the soil solution.

Organic matter and its decomposition products such as organic anions,
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could markedly reduce P sorption by soil (Earl et al., 1979; Hue, 1991).

Reduced P sorption was believed to he due to the complex formation hetween

organic acids and Fe or Al compounds of the soil and competition of organic

anions with phosphate for adsorption sites.

Organic acide also affect P precipitation. Hydroxyapatite (Inskeep and

Silvertooth, 1988), OCP and DCPD (GrossI and Inskeep, 1991) precipitation was

inhibited by organic h..-ide common to soil environments such as humic, fulvic,

tannic and citric acids. These organic acide inhibited the rate of precipitation

by adsorbing onto crystal seeds that act as nuclei for new crystal growth.

Organic constituents m!lY inhibit formation of thermodynamically stable Ca

phosphates, thereby maintaining higher solution P levels in soils.

Regardless of the mechanisInB involved, the role of organic matter in

increasing P availability would have important implications for many regions

of the world. Thus, the interaction between urea and P fertilizers on soil

organic matter solubility might increase the agronomie effectiveness of P

fertilizers for the regions where most som are acid and P deficient.

Research has been mainly on the effect of urea and phosphoric acid on

fertilizer availability and efficiency to crops. There are very few reports on band

applications of urea and TSPIMAP blends or compacted mixtures, and the

interaction between them in soil·fertilizer microsites. However, urea, TSP and

MAP have now hecome the major solid N and P fertilizers, and most acid soils

require P as weIl as N fertilizer for crop production. These fertilizers have a
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• relatively high degree ofacidity and could produce microsite acidification in Boil.

Therefore, there is a need to study the possible interaction between urea and

acidic P fertilizers such as TSP and MAP on improved fertilizer availability and

efficiency in soils. A new technique should be developed to promote efficient

fertilizer management that can get both maximum yield and best return from

application of urea and acidic phosphate fertilizers.

3. HYPOTBESES

From the review of literature several hypotheses arise.

It is hypothesized that band applications in acid soils of urea combined

with acidic P fertilizers as blends or compacted mixtures would avoid or reduce
.

urea damage to seedlings and losses of NH3 from urea hydrolysis. yet increase

P availability in the crop-soil system, and consequently improve N and P use

efficiency by the crop.

A general model ofthe interaction ofllrea with acidic P fertilizer is shown

(Figure 1). Potential eifectiveness related to the interaction of these fertilizers

is described as follows:

a) Acidification with acidic phosphates will inbibit urease activity and retard

or delay urea hydrolysis. A rapid rise in~ concentration and pH in

the microsite near urea fertilizer granules will be reduced with added P

fertilizers;

b) Potential N losses and damage to seedling growth from urea hydrolysis

will be reduced by neutralization with acidic phosphates;

17



• c)

d)

e)

o

Hydrolysis of urea will reduce soil acidification by acidic phosphate

fertilizer and will depress the activity of cations such as Fe3+, AI3+ and

Ca3+ in soil solution, reducing the precipitation of P and increasing

solubility ofP reaction products in soil.

The HCO·s, and OH· produced from urea hydrolysis can inhibit

competitively phosphate adsorption or replace Pions from the surface of

soil particles, reducing soil buft'ering capacity. Therefore, the availability

of phosphate in the soil around the fertilizer microsite can be increased,

and diffusion of P in soil enhanced with added urea.

Application of urea banded with acidic P fertilizers might solubilize

organic matter in soil; Dissolved organic matter could reduce P sorption

and precipitation, and increase P movement in soil.

A positive interaction ofurea and acidic phosphate fertilizers on nutrient

availability in soil will result in the improvement ofN and P uptake and

utilization, plant growth and yield. Both economic and agronomic

efficiency of N-P fertilizers will he promoted.
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• 4. OBJECTIVES

The objectives of this research were to determine the mechanisms of

interactions between urea and acidic phosphate fertilizers in different soils and

to model their reactions in soils. Experiments were designed to study dynamic

changes in pH, urea hydrolysis, NHa volatilization and the availability and

movement ofP in soils. Agronomic benefits from band applications ofurea with

acidic phosphate fertilizers were evaluated in the field to identify a ''hest''

technique for increasing both crop yield and fertilizer efliciency.
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A RAPID METHOD FOR MEASURING DYNAMIC CHANGES

IN pH OF SOIL MICROSlTES AROUND FERTllJZERS
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1.ABSTRACT

Nutrient availability from banded fertilizers will depend on properties of

the fertilizer band or microsite. Increased pH from urea hydrolysis may change

P fertilizer reactions with the soil. A rapid method is described which allows

precise measurement and visualization of dynamic changes in pH near

microsites around fertilizer granules or bands. One day after application ofurea

and triple superphosphate fertilizers into the soil, a 0.75% agar solution

containing 0.06% bromocresol purple was poured onto the soil surface. The pH

was measured using a combination microelectrode placed on the agar and the

pH range was estimated from agar colour 2, 4, 6 and 8 days aiter placement of

the fertilizer mixture. Triple superphosphate reduced and retarded pH

increases from urea hydrolysis. The results demonstrate the ability ofthe agar

method to monitor pH changes around fertilizer granules or bands.

Key words: pH, agar, triple superphosphate, fertilizer, microsite, urea
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2. INTRODUCTION

Fertilizer availability and utilization by crops is modified by fertilizer and

soil properties and by microsite reactions which occur near the fertilizer

granules, droplets or bands. Changes in soil pH with added fertilizer may

influence fertilizer reactions. Chemical processes such as ammonia

volatilization, P fixation and precipitation ofmicronutrients are known ta be ..H

dependent (Lindsay 1962; Myers and Thien 1988).

To characterize pH changes around fertilizer granules, some studies have

used mechanical separation of soil around fertilizer granules or bands (Lindsay

and Stephenson 1959; Creamer and Fox 1980; Ferguson et al. 1984) or have

used soil leachates (Myers and Thien 1988). These methods, however, either

destructively sample fertilizer • soil environments or take average values from

soilleachates, and they cannot be used ta evaluate continuing soil pH changes

around such microsites.

Weisenseel et al. (1979) demonstrated distinct pH changes along roots by

using an agar medium containing bromocresol purple. With thîs method,

Marschner et al. (1982) measured pH changes and reducing processes at r.lot

surfaces of intact plants. Thus far, the technique has not been applied ta

fertilizer microsites.

The objectives of this study were ta evaluate the agar-dye technique for

measurîng soil pH changes in fertilizer microsites without damaging the sites.

The reactions of urea and triple superphosphate (TSP) in soil were used ta



• assess the sensitivity of the agar method to measure pH changes.

2. MATERIALS AND METHOnS

Agar solution was prepared by adding 7.50 g agar powder to 1 L ofwater,

followed by autoclaving at 70 DC for 30 minutes. Bromocresol purple was mixed

into the resu1ting solution. Final indicator concentration was 0.06 %. The pH

of the solution was adjusted to the pH of the soil under study (pH=5.0) with

dilute NaOH or H2SÙ4 solutions. The solution was kept tluid at 40 DC in a

water bath until used.

A surface soil sample was obtained from a Ste. Rosalie clay (Humic

Gleysol) at pH 5.0, Mehlich No.3 extractable P at 17.6 kg Plha. 80 g «2 mm)

was spread evenly into a petii dish (15XI00 mm). The sample was moistened

to 80% field capacity and incubated at a temperature of 25 ± 0.5 DC. After one

dais incubation, urea and TSP were mixed and placed into a soil depression

in the centre of the dish. One day later, 50 ml of the agar-bromocresol purple

solution was poured onto the soil surface and the dish covered. The pH was

measured by inserting the sensitive point ofa combination microelectrode (Flat

surface Ag/Agel model No.13-620-83, Fisher Scientific. 8505 ch. Devonshire Rd.,

Montreal) into the agar medium (Fig. 1). Further, the dimension of pH change

was estimated from changes in colour of the agar. Measurements were made

at 2, 4, 6 and 8 days after fertilizer applications.

Completely cross-classified combinations oftwo urea ratee (Ureal, 20 mg

N/dieh; Urea2, 40 mg N/dish) and two TSP rates (TSPl, 20 mg P20Jdish; TSP2,
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40 mg P20Jdish) were examined using three replications.

3. RESULTS AND DISCUSSION

The results confirmed that acidic phosphate fertilizers such as TSP could

retard and reduce pH increases from urea hydrolysis when both are applied ta

soil (Table 1). After two days, the agar pH of Urea1 and Urea2 treatments

reached 7.5 to 7.8, about 15 to 20 mm away from fertilizer microsites (Table 1).

Agar pH values above that of the control persisted up to 8 days at distance of

up ta 30 mm from the fertilizer microsite. Treatments with TSP alone showed

marked reduction in agar pH values, which persisted up ta 6 days after fertilizer

addition for TSP1 and 8 days for TSP2. Effects were noted up ta 20 mm from

the microsites. With urea+TSP mixtures, pH values after two days were 4.0

to 5.0 at 10 ta 15 mm. After four days, agar pH values for the urea+TSP

treatments ranged from pH 4.0 ta 5.0, depending on the combinations of urea

and TSP rates, from 10 ta 25 mm away from fertilizer microsites. At high urea

rates, or low TSP rates, pH values of6.5 ta 7.0 were found beyond the acidified

regions, indicating diffusion of urea or urea reaction products beyond the TSP

reaction sites. At six days, all urea+TSP treatments exhibited two pH zones,

a low pH zone at 5 to 20 mm and a higher pH beyond, indicating continued

diffusion of urea beyond the TSP reaction zone (Fig. 2). After eight days, the

two pH zones had merged. Agar pH approached normal values, but the effect

of TSP on agar pH was still observed as noted by lower pH values for

urea+TSP2 treatments, compared with urea or urea+TSP1 treatments.
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The agar colour changes indicated that different rates ofdiffusion ofTSP

and urea reaction products occurred. The purple colour of the indicator

(pH>6.5) developed outside the yellow circle (pH<5.0) with urea+TSP

treatments. Then slowly the purple zone merged with the yellow zone. Urea

or urea reaction products diffused faster than TSP into the surrounding soil,

and increased pH. Subsequently, urea reaction products reduced the acidic

environment created by TSP.

In general, agar techniques facilitate pH measurements with

microelectrodes, due to a better electrode contact with the agar layer than with

the soil. Agar layers should not he too thick because this reduces the sensitivity

of the method.
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Table 1. Efl'ect ofurea and triple superphosphate (TSP) on microelectrode
pH values of agar placed on soil fcrtilizer granule microsites•

Urea TSP 2
Days alter fertihzer application
4 6 8

N P2Ù6
mg/dish
o 0

20 0
40 0
o 20
o 40

20 20
20 40
40 20
40 40
LSDo.05

z

------------•..••------------- pH (1I1Ill) --------------._--_••-----_•••_---.
5.0 5.0 5.0 5.0
7.5(15)" 8.0(15) 6.5(20) 5.5(30)
7.8(20) 8.0(30) 7.0(30) 6.0(30)
4.5(10) 4.5(20) 4.5(20) 4.8(10)
4.0(15) 4.2(25) 4.5(30) 4.5(20)
4.5(10) 4.5(10); 7.0(10-20r 4.5(5); 6.5(5-20) 5.5(30)
4.0(10) 4.0(25) 4.5(20); 6.0(20-25) 5.0(30)
5.0(15) 5.0(10); 7.0(10-20) 5.5(10); 7.0(10-25) 6.0(30)
4.5(15) 4.5(15); 6.5(15-25) 4.5(10); 6.5(10-25) 5.5(30)
0.4 0.3 0.4 0.4

• the numbers in parentheses indicate the distance in lI1Ill from fertilizer site
estimated using agar colour.
y the second set of pH values were found at distances in lI1Ill (in parentheses)
from fertilizer site.
z Least significant difl'erences critical values at 0.05 level of T test.
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Figure 1. Apparatus for a rapid method ta measure and visualize

dynamic changes in pH near microsites around fertilizer granules.
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Figure 2. Agar pH after six clays. Lefti urea only treatment, purple

colour or clark area (pH 7.0) up to 30 mm from point of fertilizer addition.

Righti urea+triple superphosphate (TSP) treatment with two pH zones, a low

pH zone (yellow colour) at 0 ta 10 mm and a higher pH zone (purple colour or

dark area) 10 ta 30 mm, indicating diffusion of urea beyond the TSP reaction

zone. Dish is 100 mm in diameter.
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• CONNECTING PARAGRAPH

In Chapter II, a rapid method was described which allows precise

measurement and visualization of dynamic changes in pH around fertilizer

granules or bands. The results not only demonstrated the ability of the agar

method to monitor pH changes around fertilizer granules, but also showed that

TSP could reduce and delay pH increases from urea hydrolysis. The effect of

TSP on pH increases from urea hydrolysis could have an important impact on

NH3 volatilization.

Ammonia volatilization is a major disadvantage in urea application to

soil, resulting in low fertilizer N efficiency. Rates and amounts of N1I:J

volatilization are affected by soil properties such as initial pH, urease activity,

clay content, organic matter content, and water content. Different phosphates

would produce different pH environments in the microsite around fertilizer

granules, based on their composition. In the following Chapter, the affect of

different phosphate fertilizer carriers (TSP, MAP and DAP) with urea on soil

pH, urea hydrolysis and NH3 volatilization is studied on two eastern Canadian

soils, a Ste. Rosalie clay and a Ormstown silty clay loam.
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CHAPTERDI

UREA AND PHOSPHATE INTERACTIONS IN FERTILIZER

MICROSITES: AMMONIA VOLATILIZATION AND pH CHANGES
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l.ABSTRACT

Ammonia (NHa) volatilization from urea fertilizer reduces the efficiency

of N fertilizer use by crops. Reduction of NHa loss may be possible through

addition of acidic materials. The objectives of this study were to compare the

effects of three phosphate fertilizers on NHa volatilization, urea hydrolysis and

pH changes with surface applied urea. Surface soil samples from two Typic

Humaquepts, a Ste. Rosalie clay (very fine silty, mixed, acid, frigid) and an

Ormstawn silty clay loam (fine silty, mixed, non-acid, frigid) were used.

Mixtures of two rates of urea, four rates of P, and three P fertilizers (triple

superphosphate, TSP; monoammonium phosphate, MAP; diammonium

phosphaw, DAP) were compared. Ammonia volatilization increased on both

soils, as application rates increased from 0.5 g N kg'l soil to 2.0 g N kg'l Boil.

Adding TSP and MAP to urea reduced NHa loss from 30% ta 90% on both soils

compared with urea alone. Ammonia loss decreased as P : urea ratios increased.

No significant difference was found in NHa loss between TSP and MAP.

Ammonia loss from urea was increased with added DAP, because ofa resulting

high pH. Adding TSP or MAP ta urea reduced maximum daily rates ofNHaloss

and delayed the time of maximum NHa loss rate by 5 ta 10 d. The effect of

acidic phosphates on NHa loss was related ta their effect in reducing pH in the

fertilizer microsite and retarding urea hydrolysis. Mixtures of acidic P

fertilizers with urea increased soil NH.- and NOa-N contents. Surface-applied

urea fertilizer efficien\;y could be increased ü applied together with TSP or MAP.
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Fertilizer granules of urea-P mixtures would he heneficial for hay and pasture

application, no-till fertilization or for crops where applications are restricted to

soil surfaces.
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2. INTRODUCTION

Urea, triple superphosphate (TSP) and monoammonium phosphate (MAP)

are important fertilizers in world agriculture. However, these fertilizers have

inherent disadvantages which reduce their effieiency. Ammonia (NHs)

volatilization is a major avenue for N loss from surface-applied urea (Fenn and

Miyamoto, 1981). Volatilization losses can occur from aeid as weIl as alkaline

soils due to high pH and NH. concentrations in the microsite where urea

granules dissolve and hydrolyse (Fenn and Richards, 1986). The reactions can

be SlJmmarized as follows:

CO(NH2)2 + 3H20 --_..•_> 2NH: + OH" + HCOs"

NH: + OH" <======> NHs + H20

The NHs volatilization from surface-placed urea has been reported ta vary from

1 ta 80 % of the applied N in agricultural soil (Gould et al., 1986; Christianson.

1989) and from 8.5 ta 45% in forest soils (Marshall and Debell. 1980). Reduction

ofNHslosses can be achieved by i) coating the urea granule with materials that

slow the dissolution ofurea (Matocha, 1976), ü) reducing hydrolysis with urease

inhibitors (Bremner and Douglas, 1971). ili) additions ofneutralsalts containing

Ca or K (Fenn and Miyamoto, 1981), or iv) redueing microsite pH with aeidic

materials (Stumpe et al., 1984). High costs of amendments, however, reduced

their use by fa..mers (Sahrawat, 1980). Therefore, low cost, readily available

materials could be used ta advantage.

Acidification of the fertilizer microsite is a mechanism for redueing NHs
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volatilization, which could be achieved through the addition of certain P

fertilizer materials. Such treatments would have the aàded benefit ofsupplying

P, while reducing N loss from urea. An example is urea-phcsphate, a mixture

of urea and phosphoric aeid. This product has been shown to reduce NHa

volatilization from urea and reduce seedling damage (Bremner and Douglas,

1971; Fenn and Richards, 1986; Fenn et al., 1990). However, such mixtures are

corrosive and require special precautions in handling and storage. Like

phosphoric aeid, TSP and MAP are aeidic upon solution as P fertilizers, but

they have good chemical and physical properties suitable for handling and

storage. When applied ta soil, TSP dissociates into dicaleium phosphate

dihydrate (DCPD) plus phosphoric aeid (Lindsay and SWphson, 1959) as follows;

Ca(H2P04)2,H20 + H20 ----> CaHP04,2HP + HaP04

MAP can he considered ta hydrolyse to a solution of a strong aeid and weak

base;

NH4H2P04 + H20 -----> NH40H + HaP04•

Saturated solutions ofTSP and MAP have pH values of 1.0 and 3.5 respectively

(Sample and Soper, 198(1). In contrast, diammonium phosphate (DAP) in

saturated solution has a pH of 8.0, and should have little effect on NHa

volatilization, or Ulay increase NHa loss as the result of the following reaction

in soil;

(NH4)J!P04 + 2H20 ---.-> 2NH40H + HaP04•

Urea which hydrolyses in environments with lower soluble and desorbable
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Ca levels is susceptible ta higher NHalosses (Fenn et al., 1981). Monocalcium

phosphate alone with urea, in a calcareous soil, did not reduce NHa loss;

however, NHa loss was reduced in an acid soil (Fenn and Hossner, 1985; Fenn

et al., 1990). Since TSP contains large amounts of Ca (120-140 g kg-1), the

presence ofCa may I:lerve to reduce NHa volatilizatior. from mixtures ofurea and

TSP.

It is hypothesized that urea combined with TSP and MAP will redl.!ce NHa

loss from urea hydrolysis in neutral or acidic soils. Acidification with acidic

phosphates would tend ta retard urea hydrolysis, decrease the high pH from

urea hydrolysis and increase NHlNHa ratios.

The objectives of this research were ta determine the effect ofcommercial

phosphate fertilizers (TSP, MAP and DAP) mixed with urea on urea hydrolysis,

NHa volatilization, and soil pH in two acid soils.

3. MATERIALS AND METROnS

1). SoUs

Surface soil samples (0-15 cm) from two Typic Humaquepts, a Ste. Rosalie

clay (very fine silty, mixed, acid, frigid) and an Ormstawn silty clay loam (fine

silty, mixed, non·acid, frigid), ditfering in pH, texture and Ca content (Table 1)

were used to compare the effect of added P on NHa volatilizatîon from urea.

Samples were taken from cultivated fields which had received little fertilization.

Soil samples were air-dried and ground ta pass a 2-mm sieve.
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• 2). Ammonia volatilization and urea hydrolysis

Two laboratory experiments were conducted to compare N loss via NHs

volatilization from urea and P fertilizer mixtures. In the first experiment,

treatments consisted of urea (0.5 and 2.0 g N kg- I soil), and three sources of P

(TSP, MAP and DAP ) with variable rates ofP (0, 0.22 and 0.43 g P kg·1 soil

with 0.5 g urea-N, 0, 0.43, 0.86 and 1.72 g P kg.1 soil with 2.0 g urea-N kg·1soil;

Table 2 in Chapter III and Table 2 in Appendices). Mixtures were applied to

100 g air dried soil and for this system, 1 g kg.1 was equivalent to 263 kg ha·1

on an area basis. Soils alone were included in the treatments as controls. To

determine the net effect ofammonium containing P fertilizers (MAP and DAP)

on NHs volatilization from urea, in the second experiment, P fertilizer was

applied either alone (0.22 or 0.43 g P kg- I
) or with a constant rate of urea (0.5

g N kg·l; Table 3). Fertilizer mixtures were applied as finely ground materials

(fertilizer grade; < 1 mm) on the center of the soil surface in each treatment.

Soils, or soils treated with equivalent amounts of TSP, MAP or DAP were

included in the treatments for comparison. Three replicates of each treatment

were used in a completely randomized design.

Ammonia volatilization was measured in a forced-draft system using

covered jars swept wiÙl air ( Al-Kanani and MacKenzie, 1990). In this method,

100 g air·drled soil to provide a depth of 2 cm was placed i ... a 7 cm (inside

diameter) by 12.5 cm long screw top jar. The soil was m'.ljstened to field

capacity. The jars with soil were inl'ubated at 25 oC for four d ta initiate urease
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• activity before applying fertilizers. Following the application of fertilizers, jars

were covered immediately and connected to the air train. Incoming air pussed

through 2 L of 1 M H2SO. to remove ambient NHs, then through 4 L distilled

water to humidify the air before entering the jar. Distilled water was added to

the soil twice a week to replenish evaporated water. Jars were designed to

allow passage of air across the top of soil sample and out of the jar. Air flow

was maintained at 6 L min-! per jar throughout the incubation period,

corresponding to about 15 air volume exchanges per minute. A Gilmont flow

meter (Gilmont Instrument, Inc., Great Neck, NY) was used to measure and

adjust air flow through individualjars. Air coming from sample jars passed into

100 ml of 20 g L-! boric acid solution contained in Erlenmyer flasks. The boric

acid solution was removed daily and titrated with 0.05 M H2SO. to determine

NHs for the first week after application, and every other day for two additional

weeks. AlI incubations were at 25 ·C.

After 24 d, soils were extracted by shaking for 1 hour with 1 M KCl+ 5

mg V phenylmercuric acetate (PMA). Filtrates were analyzed for urea

(Mulvaney and Bremner, 1979), NH. by the sodium salicylate/sodium nitro

prusside method, and N02+NOs by the COPllt;rized Cd method (Keeney and

Nelson, 1984), using a Technicon Autoanalyzer (Technicon Instruments

Corporation, USA). Recovery of added N was calculated from the summation

of volatilized NHs, urea, NH., NOs and N02 content in soil, after subtracting

amounts present in control samples.
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Urea hydrolysis rates (0.5 g N kg') soil) were compared using three rates

of added TSP (0, 0.22, and 0.43 g P kg') soil). Soil samples (10.0 g air-dried)

were incubated for four d in Erlenmyer tlasks at water content of field capacity

at 25 ·C. Fertilizer treatments were applied on the soil surface. Mer l, 2, and

4 d, the moist soil was extracted with 1 M KCl+5 mg V PMA solution (1:10)

and the filtered solution was analyzed for urea, NH4, and N02+NOs as

mentioned above.

Analysis of variance and regression were conducted using the GLM and

REG procedures ofthe Statistical Analysis System (SAS Institute, 1985). Total

NHsloss, maximum NHsloss rate and the time ofmaximum NHsloss rate were

calculated and used ta compàre the effect of fertilizer sources and rates on NHs

losses. Total NHs losses were calculated based ~n differences of NHs loss

between treatments and controls without N in 'he first experiment. In the

second experiment, uree. treatment NHs losses were corrected for NHs losses

from control soils, or soils treated with equivalent amonnts of TSP, MAP or

DAP. The effect ofP rates and sources on NHs ioss were tested with contrasts.

3). Microsite pH changes

Fertilizer microsite pH in both tloils was studied. The fertüizer

treatments were the same as those used in the NHs volatilization study at

constant N (Table 2). Soil (80 g) was placed into a petri dish (1.5XI5 rm) ta a

depth of 0.5 cm and moistened ta the same water content as in the NHs

volatilization experiments. Mer one d incubation, mixtures of finely ground
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commercial fertilizer were placed in the center of the dish in an area of 1 cm

diameter or less. Aft.er one d of reaction, 50 ml of agar solution was spread on

the soU surface and the dish covered. The agar solution (7.5 mg g'!) contained

0.6 mg If! bromocresol purple and was adjusted to the pH of the soU (Marschner

et al., 1982). Measurement of pH along the fertilizer-soil gradient was made

using a glass microelectrode (Flat surface AgIAgCl model, Fisher Scientific. P .Q.,

Canada) at 2, 4, and 6 d after fertUizer application. Estimates of the extent of

pH change were made based on the range of colors produced in the agar. The

processes of pH change from the site of mixtures of urea and phosphates were

recorded in terms of pH, distance from fertilizer microsite and time.

4.RESULTS

1). A'IlIIlonia voiatilization at constant rates of total N application

The total wmulative volatilization losses ranged from 1.6 to 20.9% ofthe

N applied, depending on soil and the rate and source of P applied (Table 2).

At 2.0 g N kg'! soil rates, NHa losses were simUar on the two soUs. On

both soUs, a reduction in NHa volatilization was observed when either TSP or

MA {> were added with urea. Reduction in NHa loss ranged from 30% to 95% of

the urea alone treatments. A linear correlation was found between NHa loss

and the ratio ofP : N in the fertilizer mixture (r=0.99oteote ). When the P: N ratio

was about 0.43:1, NHa losses were reduced h about 50% of the urea alone

treatments.

No differences were found between TSP and MAP for reducing NHaloss.
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• Diammonium phosphate did not affect the percentage of applied N volatilized

as NH3• Because MAP and DAP contained 12% and 21% NH.-N respectively,

added urea was reduced as MAP and DAP rates were increased. Thus, with

lùgher MAP or DAP, NH3 10sses could have been reduced due to reduced urea

addition.

2). Ammonia volatilization at constant rates of urea

When urea-N was applied at 0.5 g kg'! soil, added TSP and MAP reduced

NH3 losses (Table 3). Reductions in NH3 loss were quadratic with increasing

TSP and MAP for the Ste. Rosalie soil, and for MAP with the Ormstown soil,

and linear for TSP in the Ormstown soil. Quadratic decreases were a result of

a marked decrease in NH3 loss at the first level of added P, followed by a

smaller subsequent decrease at the second level of added P. Addition of TSP

reduced NH3 volatilization more than addition of MAP on Ste. Rosalie soil

(Table 3). However, there was no difference between TSP and MAP on the

Ormstown soil. II"creased NH3 loss compared to urea alone was found when

DAP was added with urea on both soils, and losses were more pronounced at

lùgher DAP rates. Ammonia losses from urea alone were lower on the Ste.

Rosalie soil than with the Ormstown Boil. However, the difference between soils

was minimum at the lùgh urea rate (Table 2).

S). &te of NHa volatilization

Addition of TSP and MAP reduced the maximum daily rate of NH3 loss

and delayed the time ofmaximum NH3 volatilization rate from urea-treated soil
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• (Figure 1). Without P fertilizer, the maximum rate ofNH3 loss from urea was

0.59 mg N jar'! day'! for Ormstown soil and 0.32 mg N jar'! day'! for the Sla.

Rosalie soil at 0.5 g N kg'! soil rate. With urea alone treatments, the time of

peak NH3 loss was about six to Bevan days after application of urea. The

maximum rates of NH3 loss increased to near 4.5 mg N jar'! day"! on both soils

when N rate was increased to 2.0 g N kg-! Boil.

Adding TSP or MAP with urea signiticantly reduced the maximum rate

of NHa loss to about 10 to 50% of that of the urea alone treatment. Added TSP

or MAP also delayed the time of peak NHaloss by about 1 to 5 d at 0.5 g N kg'!

soil application rate, and 6 to 10 d at 2.0 g N kg-! soil application rate, varying

with the amount of TSP or MAP applied and with soil. On both soils,

maximum rate ofNHaloss decreased as acidic P fertilizer increased (r =0.96**).

Two NHaloss peaks were observed when DAP was a:',ded with urea in the

tirst experiment (Figure 1). The tirst peak occurred on the tirst day after

fertilizer application to soil. This peak corresponded to NHa loss from DAP

itself, as it was observed in the second experiment in DAP only treatments

(Figure 2). The second peak occurred three or four days :rlter application, about

two days earlier than in the urea only treatment. This indicated that DAP, in

spite of reduced addition of urea, h!\stened the NHa volatilization from urea

hydrolysis. At a COl'stant rate of urea·N in the second experiment, DAP

increased maximum dr':ly rates of NH~ loss from urea (Figure 2).
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• 4). Recovery of added N at constant N rates

The reduction of total NH3 volatilization losses due to added TSP or MAP

resulted in an increase in NH. and N03 remaining in both soile (Table 4). At

the end of the incubation experiment, soil NH. and N03 in the urea+TSP and

urea+MAP treatments was found to be 40% higher than that of urea and

urea+DAP treatments in the Ormstown soil. In the Ste. Rosalie soil, soil NH.

and N03 in urea+TSP and urea+MAP treatments was 15 to 20% higher than

that of urea and 40 to 60 % higher than that of the urea+DAP treatment.

However the suro ofinorganic N recovered ranged from 63 to 77% of the applied

Nin Ormstown soil and 82 to 97% in Ste. Rosalie soil, except for the urea+DAP

treatment which was oIÙY 64%.

6). Microsite pH changes

Microsite pH studies showed a strong effect ofTSP application on soil pH

in both soils (Figures 3, 4). In the Ste. Rosalie soil, addition of urea increased

soil pH to 7.0 at the site of placement on the second day of incubation (Figure

3). The effect of urea hydrolysis c .1 soil pH reached to 15 mm from the site of

fertilizer placement. Soil pH increased to 7.8 at a distance of 10 mm from the

fertilizer site on day four. The increased pH values de1'l'eased with time, though

an elevated pH was found at day eight extending to a distance of 35 mm from

the fertilizer site.

Upon application ofurea+TSP mixtures, soil pH at the site of placement

was reduced to 4.0 or 4.5, the decrease being related to the application rates of
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TSP. Acidification by TSP extended from 10 ta 15 mm from the fertilizer site

after four days, depending on the TSP application rate. For two days, the pH

stayed below or at the normallevel, indicating little urea hydrolysed. On day

four, urea movement and hydrolysis at the low rate ofTSP was noted by the

increase in soil pH to 6.8 outside the acidified region. At the higher TSP

application rate, no increase in pH was noted. On day six, a pH increase ta 6.5

in the region outside the acidified area was noted at 15 mm from fertilizer site

for the low TSP application rate, and ta pH 6.2 at a distance of25 mm from the

fertilizer site at the high TSP application rate. On day eight, at the low

application rate ofTSP, pH values were higher with the urea treatments than

the control soil up ta 20 cm from fertilizers. For the high rate ofTSP, the pH

was lower at 0 to 5 cm, but higher at 15 to 20 cm than the control soil. Urea

alone had uniformly higher pH values.

In the Ormstown soil, addition of urea increased soil pH to 7.5 at 0 ta 10

mm from the fertilizer site on the second day ofincubation, and the pH increase

from urea hydrolysis decreased gradually ta the soil initial value at 30 mm

(Figure 4).

Addition of TSP and MAP to urea reduced soil pH to 5.0 and 5.2,

respectively, at the site of placement. But the pH in the treatments of

urea+TSP increased ta 6.5 in the region outside the acidified area from 15 ta 20

mm from fertilizer site for the treatments ofurea+TSP, and from 15 to 25 mm

for the urea+MAP treatment. This indicateB the acidification by low rate ofTSP
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or MAP in Ormstown soil extended orny to 10 mm from the fertilizer site after

two days. Beyond this acidified area, the alkalinity from urea hydrolysis

masked the acidification by TSP or MAP.

Addition of DAP to urea increased soil pH to 8.0 at the distance of 0 to

10 mm from the fertilizer site, even higher than urea alone. The pH decreased

with distance, and the initial soil pH value was observed 35 mm from the

fertilizer site.

Total NH3 loss expressed as a percentage ofadded N was linearly related

to the pH in the fertilizer microsite (Figure 5). As the pH decreased, the total

NH3 loss from urea decreased.

It was also observed ·that the maximum rate of NH3 loss generally

corresponded to the maximum soil pH around fertilizer sites. This can be sean

by comparing the treatments with or without TSP et the 0.5 g kg'\ soil urea

rate. Without TSP, the maximum rate of NH3 loss occurred at six days after

application on the Ste. Rosalie soil, the time when soil pH reached its highest

value of around 7.8. On the treatment with TSP, the maximum rate of NH3

loss occurred later, at about eight days after application. The maximum soil pH

of 6.8 occurred near the beginning of the maximum rate of that treatment.

6). Urea recoveries

In the Ormstown soil, urea concentration in soil was lower than that for

the Ste. Rosalie soil at all times (Table 5), indicating higher hydrolysis rates in

the Ormstown soil. The higher pH of Ormstown soil, compared to the Ste.
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Rosalie soil may have contributed to the higher hydrolysis rate. On both soils,

adding TSP to Ul'ea increased urea recovery. Added TSP inhibited urea

hydrolysis in the fertilizer microsite, probably due to reduced activity of urease

with decreased pH (Bremner and Douglas, 1971).

5. DISCUSSION

Ammonia volatilization was afi'ected by rates of urea application to acid

soils. With urea only, NHa losses increased as the N rate increased on bot.'1

soils. As the applied urea rates increased, the difference in NHa loss between

soils decreased. The lower volatilization from Ste. Rosalie soil than from the

Onnstown soil might be due to the lower soil pH and higher clay content of the

Ste. Rosalie Boil. The increased alkalinity from urea hydrolysis may have

exceeded the buffer capacity or the retaining ability of soil near the microsite.

Thus even in acid, clay soils, the loss of N from urea can be significant at high

rates of urea.

From the results ofthese experiments, both acidic P fertilizers (TSP and

MAP) reduced NHa volatilization from urea. This was considered to be from

three effects: firstly, the HaPO. produced from hydrolysis of acidic phosphates

in soil would acidify the soil surrounding the urea-phosphate mixture. When pH

is less than 5.5, urea would be hydrolysed more slowly (Delanue and Patrick,

1970). Then urea could diffuse out of the acidified soil and hydrolyse. This

would effectively increase the volume of soil with which the urea was mixed,

and also increase the time required for complete hydrolysis. Secondly, after
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urea hydrolysis, ihe lower pH would benefit the formation of NH: over NHa.

A third effect might be due to the formation of metastable reaction products

such as Ca(NH4MHP04)2 (Terman, 1979). Comparing TSP with MAP, the more

acidic nature and Ca present in TSP may have been responsible in part for its

greater effect on NHa volatilization on the Ste. Rosalie Boil. Effects of acidic P

fertilizers were probably more pronounced than they would be in the field due

to restricted diffusion of urea away from P sources in the jar.

Conversely, the effect ofDAP in increasing total NHaloss and shortening

the time of peak NHa loss may have been due ta either enhanced urea

hydrolysis at higher pH, or the higher pH effect on NHa valatilization, or both.

The optimum pH for soil urease activity was found to be pH 7.0 - 9.0 (Bremner

and Douglas, 1971; Rachhpal-Singh and Nye, 1984), which was within the pH

range produced by our urea+DAP mixtures. The reason for decreased recovery

of added N with urea + DAP mixture compared with TSP or MAP is unknown,

but could be due to a substantial amount of N being converted in the soil ta

fixed NH4, or organic N, or denitrified.

Ammonia volatilization is still a significant mechanism of N loss when

urea and urea plus DAP mixtures are surface applied ta acid soils. It is

suggested that applying mixtures of acidic phosphate fertilizer with urea has

potential ta increase the efficiency of surface-applied urea fertilizer due ta

reduced NHa lasses. The most benefit of such a system would be in surface

application of N and P ta hay and pasture field, or no-till practices. For these
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advantages to occur, combination of the two materials in a fertilizer granule

would have to be developed. Difficulties with making granules ofurea and TSP

have been noted (Chien, et al., 1987), but not with urea + MAP.
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Figure 1. Effect of added triple superphosphate (TSP), monoammoIÙum

phosphate (MAP) and diammoIÙum phosphate (DAP) on the rate of daily NHs

loss from Ste. Rosalie and Ormstown soils at two rates of total urea plus

phosphate N (T-N) in the first experiment. Vertical bars reptesent LSD at 0.01

probability level.
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Figure 2. Effect ofadded diammonium phosphate (DAP) and urea on the

rate of NHa daily loss from the Ormstown soil in the second experiment at the

application rate of 0.5 g urea-N kg'l. Vertical bars represent LSD at 0.01

probability level.
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Figure 3. Soil pH changes with time from fertilizer microsite after

application of urea and triple superphosphate (TSP) on the Ste. Rosalie soit

Vertical bars represent LSD at 0.01 probability leveI.
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Figure 4. Soil pH changes from fertilizer microsite after two days of

application of urea, triple superphosphate (TSP), monoammonium phosphate

(MAP) and diammonium phosphate (DAP) on the Onnstown soil. Vertical bars

represent LSD at 0.01 probabiIity level.
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Figure 5. Relationship of pH in soil microsite measured two days after

application of urea, triple superphosphate (TSP), monoammonium phosphate

(MAP) and diammonium phosphate (DAP) with total NHa loss from the Ste.

Rosalie soil.

66



SOIL pH TWO DAYS AFTER FERTILIZATION

87 7.5

Y-5.3pH-21.5
2 00

R -0.93

N-18

o 0

6.5

o

65.5

o
o

5

o

4.5

----------------------------,

o
4

oL-._-'-_----L_----L_----JL-_...L-_----L_---l-_-----l

4

8

12

16

20•

•



• • •
Table 1. Selected physica1 and chemica1 properties of soil samples

Soil vHt clay silt Organic Exchangeable cations

H20 MKCl SMP Carbon:j:

k -1------ g g -------

Ca Mg K Al ECEC§

---- cmolc<+) kg-1 soil ----

Ste. Rosalie 5.2 4.2 5.4

Ormstown 6.0 5.0 6.2

t McLean, 1982.

568 293

368 443

25

19

9.4 5.4 0.7 0.3 15.8

14.6 5.0 0.2 0.0 19.8

:j: Wa1kley-Black procedure (Nelson and Sommers, 1982)

§ Sum of exchangeable Ca,Mg,K :md Al (BaC12 method; Rhoades, 1982).
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• Table 2. Ammonia volatilization after 24 d from urea-phosphate mixtures as related te

amounts and source of added P at constant N rates

Treatments

Urea T-Nt TSP MAP DAP Soils

---- N ----- -------- P ------- Ste. Rosalie Ormstown

kg.l ------ % applied N ----------------------- g ------------

2.0 2.0 0 0 0 16.3(2.1); 20.9(0.6)

2.0 2.0 0.43 0 0 10.4<0.9) 11.1(1.0)

2.0 2.0 0.86 0 0 6.4<0.8) 7.4<0.2)

2.0 2.0 1.72 0 0 3.0(0.1) 6.1(0.5)

1.8 2.0 0 0.43 0 11.2(1.5) 12.8(1.2)

1.6 2.0 0 0.86 0 6.6(0.4) 9.8(0.6)

1.2 2.0 0 1.72 0 1.6(0.1) 5.7(0.3)

1.6 2.0 0 0 0.43 16.6(0.8) 19.5(0.8)

1.2 2.0 0 0 0.86 17.7(0.8) 19.8(1.6)

0.4 2.0 0 0 1.72 8.7(8.7) 15.7(0.6)

Prate clf.: 3 •• ••
Pform 2 •• ••

Prate • P form 3 •• •
P rate Lin. in TSP 1 •• NS

Prate Quad. in TSP 1 •• ••
P rate Lin. in MAP 1 •• ••

P rate Quad. in MAP 1 •• ••
P rate Lin. in DAP 1 NS NS

Prate Quad. in DAP 1 NS NS

•
t. T-N = Total amount of N application.
;. The numbers in the parentheses are standard errera.
Ns indicates no significant, and •• and •• indicate significant at 0.05 and 0.01 probability

in Contrast, respectively.
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Table 3. Ammonia volatilization after 24 d from urea-phosphate mixtures as related te

amounts and source of added P at constant urea rates

Treatments

Urea T-Nt TSP MAP DAP Soils

---N ------ .-------- P -------- Ste. Rosalie Ormstewn

--------------- g kg' ----------- ------ % urea N*------

0.5 0.5 0 0 0 4.7(0.6)§ 9.8(0.6)

0.5 0.5 0.22 0 0 1.8(0.2) 4.9(0.5)

0.5 0.5 0.43 0 0 1.0(0.1) 2.4(0.5)

0.5 0.6 0 0.22 0 4.2(0.3) 4.1(0.4)

0.5 0.7 0 0.43 0 2.8(0.2) 3.0(0.2)

0.5 0.7 0 0 0.22 12.8(0.8) 14.2(1.0)

0.5 0.9 0 0 0.43 14.5(1.0) 22.8(1.4)

Prate df: 2 •• ••
P form 2 •• ••

TSPvs MAP 1 • NS

TSP, MAP vs DAP 1 •• ••
Prate • P form 3 •• ••

P rate Lin. in TSP 1 •• ••
Prate Quad. in TSP 1 •• NS

P rate Lin. in MAP 1 •• NS

Prate Quad. in MAP 1 • •
P rate Lin. in DAP 1 NS ••

Prate Quad. in DAP 1 • ••

t. T·N = Total amount ofN application.
*. Corrected for corresponding P only treatments.
§. The numbers in parentheses are standard errers.
Ns indicates no significant, and ., and •• indicate significant at 0.05 and 0.01 probability

in Contrast, respectively.
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Table 4. Effect of P fonn and rate on N recovery from added N aft.er 24 days incubation

Treatment Ste. Rosalie Ormstown

Soil Soil
Urea-N Total·N TSP MAP DAP NH.Loss NH.+NO.-N Recovery NH.Loss NH.+NO.-N Recovery

-Ngkg-'- - Pgkg-'- % applied N -------------

0.5 0.5 0 0 0 4.7 77 82 9.8 53 63

0.5 0.5 0.22 0 0 1.8 95 97 4.9 73 78

0.5 0.5 0.43 0 0 1.0 89 90 2.4 73 77

0.4 0.5 0 0.22 0 2.4 82 84 3.8 72 76

0.3 0.5 0 0.43 0 1.2 82 83 0.4 77 77

0.3 0.5 0 0 0.22 5.6 58 64 9.4 56 65

LSD 0.05 2.0 13 12 2.1 10 10

C.V. 35.0 9 7.9 28.4 13 7.4

PRate •• NS NS •• NS •
Pfonn •• •• •• •• •• •

P rate·P fonn NS NS NS NS NS NS

Ns indicates no significant, and ., and •• indicate significant at 0.05 and 0.01 probability in Contrast, respectively.
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• Table 5. Influence of triple superphosphate (TSP) application rates on recovery of

applied urea in two soils

Treatment Recovery of urea in soil

Urea·N TSP·P 1 day 2 days 3 days 4 days

k ·1 il••••••• g g 50 ••••••• •••••••••••••••••••••••••••_._•••••• % ••••••••••••••••••••••••.••••••

0.5

0.5

0.5

LSD 0.05

0.5

0.5

0.5

LSD 0.05

o

0.22

0.43

o

0.22

0.43

48

52

60

15

95

95

95

29

71

Ormstown

29

35

34

5

Ste. Rosalie

72 53

89 66

89 72

21 23

13

18

31

3

33

38

63
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CONNECTING PARAGRAPH

Chapter III demonstrated that adding acidic phosphates such as

TSP and MAP to urea, reduced NH3 losses on \.wo soils. Ammonia loss

decreased as P : urea-N ratios increased. Ammonia loss from urea was

increased when urea was applied with DAP. The effect ofacidic phosphates on

NH3 loss was related te a reduction in pH in fertilizer microsites and retarding

urea hydrolysis. In conseq~ence, soil NH.- and N03-N contents were increased

when acidic P fertilizers were applied as mixture with urea. On the other hand,

urea hydrolysis increased pH and NH.- and N03-N concentrations in soil

fertilizer microsite, which could affect soil chemical properties and P reactions

in soils.

In Chapter IV, the effect of added urea on soil P sorption

characteristics and fertilizer P distribution in different soil fractions was

evaluated in two eastern Canadian soils using two electrolytes.
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CHAPl'ERIV

PHOSPHATE SORPTION AS INFLUENCED DY ADDED UREA

IN TWO EASTERN CANADIAN soas
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• 1.ABSTRACT

The interaction of urea with P in soil-fertilizer microsites may have an

important effect on P availability to crops. A laboratory study was conducted

to evaluate the effect ofurea on P reactions in two eastem Canadian soils (Typic

Humaquepts). Phosphate sorption was studied by equilibrating Boil samples

pretreated with four levels ofurea for 24 hours with six rates ofP in either 0.01

M CaC12 or 0.03 M KCl solutions. Phosphate desorption was determined by

sequentially extracting the residual soil with 0.01 M CaC12 or 0.03 M KCl, and

0.5 M NaHCOs. Urea application increased the soil pH (0.01 M CaCl2) in the

fertilizer microsites from 5.2 10 7.3 in the Ste. Rosalie soil and from 5.9 10 7.4

in the Ormstown soil. These pH changes had variable effects on soil P sorption

characteristicB, depending on soil and electrolyte. Phosphate sorption increased

with increasing urea and pH when using CaCl2 as the electrolyte. Added urea

and pH had little effect when KCl was used, indicating the urea effect on P

sorption was influenced by Ca concentration in electrolyte. The effect of urea

was not significant at P rates below 320 mg P kg'l soil. The observed increase

in P sorption and decrease in solution P with added urea was probably related

to precipitation of Ca-P compounds and the shift from HJlOi 10 HPO.2- at

higher pH values. Urea application increased 0.5 M NaHCOs extractable P and

reduced non-extractable P in both soils. It was concluded that for soils with

high Ca content, urea application with P fertilizer could reduce P concentration

in soil solution and P mobility because of the increase in P sorption and P buffer
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capacity, but increase available P as expressed by NaHC03 extractable P.
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2. INTRODUCTION

A major problem often found in acid soils is P deficiency for crop

production (Engelstad and Terman, 1980). Applying P fertilizer ta acid soils

often results in low fertilizer efliciency because acid soils sorb large amounts of

fertilizer P through P precipitation and adsorption (Lindsay et al., 1962; Eghball

et al., 1990). Phosphorus is precipitated in acid soils by Fe and Al, and

adsorption on Fe oxides is significant. Phosphate sorption by soils is influenced

by pH (Haynes, 1982) and salt concentration (Bolan, et al., 1986). However, the

effect can be highly variable. Reports have shown that P sorption decreased

(Eze and Loganathan, 1990), increased (Chen and Barber, 1990) or was not

affected (Reeve and Sumner, 1970) by an increase ofpH.

The effect of pH on P precipitation may also be variable. In acid solls,

variscite (AlPO.·2H20) and strengite (FePO.·2H20) are the dominant stable

mineraIs. Their solubilities increase with pH (Lindsay and Moreno, 1960).

Amorphous Fe- and Al-P compounds may also be present, with variable but

generally higher solubility (Hsu, 1989). In slightly acid to a1kaline conditions,

P often forms poorly crystalline Ca minerals. Thus, increasing pH ta or above

neutrality can increase P precipitation because of the formation of relatively

insoluble Ca-P compounds (White and Taylor, 1977).

Urea hydrolysis in soil increases the concentration ofOH' and HCOs' ions,

which can neutralize soil acidity, raise soil pH, and could reduce acidity released

from the dissolution of acidic P fertilizers. Such reactions could increase P
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availability in the soil (Kissel et al., 1988).

Lu et al.(1987) reported that urea applied with single superphosphate

(SSP) to a calcareous soil increased soil Olsen-P and P uptake, compared to

diarnmonium phosphate (DAP). Raun et al. (1987) found urea phosphate

provided greater yield, grain P content and total P uptake than ammonium

pyrophosphate and DAP on a calcareous soil.

There is, however, litUe information available on the effect of urea on P

reactions in acid soils. Such information is necessary to develop effective

fertilization practices. The objectives of this study were to deterrnine the effect

of added urea on P sorption and distribution in different fractions in two acid

eastern Canadian soils.

3. MATERIALS AND METHODS

Surface soil samples (0 10 15 cm) from two Typic Hurnaquepts, a Ste.

Rosalie clay (very fine silty, mixed, acid, frigid) and an Ormstown silty clay loam

(fine silty, mixed, non·acid, frigid), differing in physical and chemical properties

(Table 1) were used. Dominant clay minerals were mica, chIorite and

verrniculite in the Ormstown soil, and mica and chIorite in the Ste. Rosalie soil

(Chen and Mackenzie, 1992). These are important agricultural soils of eastem

Canada. Samples were taken from soils used for corn production which had

received litUe P fertilization. Samples were air·dried, ground and passed

through a 1 mm sieve before use.
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• 1). Phosphate sorption-desorption

Two g air-dry soil (<1 mm) was mixed with four urea-N levels in solution

( 0, 250, 500, and 1000 mg N kg'! soil) in 50 mL centrifuge tubes and moistened

to near field capacity, i.e. 200 g H20 kg'! soil for the Ormstown or 240 g H20 kg'!

for the Ste. Rosalie soil. Soil samples treated with urea were incubated at 25

oC for four d. Following incubation, 25 mL ofeither 0.01 M CaCl2 or 0.03 M KCl

containing one of six P concentrations ( 0, 0.2, 0.4, 0.8, 1.2 and 1.6 mM P) was

added ta each soil. These were equivalent to 0, 80, 160, 320, 480 and 640 mg

P kir! soil. Each treatment was replicated four times. Soil-solution mixtures

were shaken at 25 oC for 24 h ·using an end-over-end shaker. After shaking, pH

of suspensions was measured. Soil-solution mixtures were centrifuged at 5,000

g for 10 min, Jupernatant solutions were filtered through Whatman No. 5 filter

paper, and P concentrations in the filtrates were determined using the method

of Murphy and Riley (1962).

Residual soil in the centrifuge tube was used ta determine P desorption

by sequentially extracting with 25 mL of either 0.01 M CaCl2 or 0.03 M KCI

solution followed by an extraction with 25 mL of 0.5 M NaHCOs solution. For

each extraction, samples were shaken on an end-over-end shaker for 20 h.

Suspensions were centrifuged, filtered and P determined as described earlier for

P sorption. Phosphorus retained in soil was determined and subtracted from

subsequent fractions.
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2). Analysis of data

The P sorbed on the solid phase (P.), was calculated from the difference

between added P (P.) and increase in solution P (dPI)' The p. was divided into

0.01 M CaCl2 or 0.03 M RCI desorbed P (Pd), NaHCOs-extractable-P (P.) and

non-extractable-P (Po)' The distribution of added P in soil was computed as:

p. =dPI + dPd+ dP. + dPo [1]

where dPI = PI-PI(o)' dPd= Pd- Pd(o) and dP. = p. - P0(0) ; the suffix (0) refers to the

value obtained at each urea level from a soil suspension without added P. The

increment ofnon-extractable-P (dPo)' was computed as follows:

dPo= p. - (PI - PI(o~ • (Pd - Pd(o» - (P. - P0(0» [2]

Rearranging Equation 2 yields:

dPo=p. + [PI(o) + Pd(o) +Po(o~ - [PI + Pd + PJ [3]

For the relation of sorbed P with soil solution P after 24 h shaking,

results obtained from the P sorption were fitted to the Langmuir equation

Q=kbC / (l+kC), where Q is the amount of P sorbed per unit weight of soil (P.),

C is the P concentration in soil solution (PI); k is a constant, and b is a P

adsorption maximum (Sample et al., 1980). Maximum P buffer capacity (PBC)

was calculated from kb (Œsen and Khasawneh, 1980). Finally the effects of

urea and pH of equilibrium solution on P sorption, buffer capacity and

distribution were statistically analyzed using the GLM procedure of SAS (SAS

Institute, 1985).
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4. RESULTS AND DISCUSSION

1). Effect of urea on pH and P sorption isotherm

Four day incubation with ditl'erent rates ofurea generated a range in pH

values (Table 2). Soil pH increased from 5.2 to 7.3 in the Ste. Rosalie soil, and

from 5.9 to 7.4 in the Ormstown soil in the presence of 0.01 M CaCl2 as

electrolyte.

In both soils at all pH values, the relation ofsorbed P (Q=P,) to solution

P concentration (C=Pt) conformed to the Langmuir sorption equation. The

goodness·of·fit, as assessed by the coefficients ofdetermination for the Langmuir

linear plots (C/Q = C/b+l/kb) was highly significant (Table 2). Maximum P

sorption capacities (b) in 0.01 M CaC~ electrolyte increased with pH for both

soils. Sorbed P (mg kg'l soil) was related to pH ofequilibrium solutions for both

soils (Q=33.3pH - 9.5; R2=0.99). However, k decreased with increasing pH in

Ste. Rosalie soil, but was not influenced by pH in the Ormstown soil.

In an attempt to separate the effect ofpH from that ofCa, P sorption was

studied using 0.03 M KCl solution as background electrolyte. In this case, P

sorption isotherms were not significantly intluenced by pH changes in either the

Ste. Rosalie soil or at lower pH «7.0) values of the Ormstown soil (Table 2).

When pH increased to, or over 7, maximum P sorption capacity increased only

in the Ormstown soil, which might be due to its higher exchangeable Ca2+

content (Table 1). The presence ofCa was associated with the apparent increase

in P sorption at high pH values, probably due to the formation ofinsoluble Ca·P
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• compounds and the affinity ofCa for adsorption surfaces (Barrow, 1985). Thus,

Ca2+ concentration changes tend to modify the effect of added urea and pH on

P sorption.

These results were similar to those of Fox (1986), Barrow (1979), and

Naidu and Syers (1990). They found precipitation of Ca-P compounds was

responsible for the increase of P sorption at higher pH values when either Ca

was added in liming materials or was present in the background electrolyte.

Helyar et al. (1976) and Smillie et al. (1987) suggested that Ca may play an

important role in the formation of surface complexes with P.

Effect of urea on soil maximum P buffer capacity (PBC), calculated from

P sorption isotherms (PBC=kb). also varied with soils and electrolytes. The

maximum PBC of the Ormstown soil increased from 219 to 423 mg P kgl with

pH increases from 5.9 to 7.4 in 0.01 M CaCI2• but was not significantly changed

when 0.03 M KCI was the electrolyte. In contrast. the PBC of the Ste. Rosalie

soil increased at high pH with the 0.03 M KCI solution.

The effect of urea on P sorption was related to changes of pH and salt

concentration in the soils. Regarding the effect ofpH on P sorption. it is usually

considered that increasing pH in acid soils may reduce the concentrations of

soluble and exchangeable Fe and Al ions which otherwise could react with added

P to form sparingly soluble Fe and Al phosphates. Surface charge would become

more negative with the pH increase. thus decreasing the number of P-sorption

sites and reducing the strength ofP sorption (Sanchez and Uehera. 1980).
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Increased P sorption with added urea and higher pH observed in this

study may have been cauaed by one or more of following reasons. As pH is

increased, the concentration of HPOl increases at the expense of H2POi.

Because HPot is sorbed more readily on soil surfaces, Bowden et al. (1980)

suggested that the increase in concentration ofHPO.2• is sufficient to offset the

decrease in electrostatic potential. Another possible explanation is precipitation

ofrelatively insoluble Ca-P compounds, which are often formed in slightly acid

to alkaline conditions (White and Taylor, 1977). Finally, the addition oflarge

rates of urea can increase salt concentration in the sorption medium. At high

pH, a high concentration of cations in the outer planes of adsorption can

decrease the negative potential on the surface resulting in increased P sorption

(Barrow, 1984).

2). Effect of P rates on solution P at different pH values

Solution P increased with increasing P addition in a significant quadratic

relation (R2=0.92 ta 0.99) for all treatments in both soils (Fig, 1a-d), A higher

proportion of the added P was adsorbed at the lower rates of P addition.

The effect of urea and pH on solution P as a function of added P was

significant only for P rates of 320 mg kg.l soil or more for both soils when 0.01

M CaCl2 was used as the electrolyte. With CaCl2, Ca and P concentrations in

solution were significantly lower at higher urea and pH values compared ta

lower urea and pH values. White and Taylor (1977) found that, at high P

concentrations (1 mM>, dicalcium phosphate precipitated at pH values greater
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than 5.5.

3). Effect of urea on P distributions in different P fractions

Because soil solution P is usually very low (0.003-0.5 mg L· I
; Sample et

al. 1980), crops depend on the release of solid phase Pinto the soil solution.

Therefore, P dissolution or desorption capacities and distribution of added Pin

P fractions are important.

Urea application increased P sorption in both soils (Fig. 2). Most of the

increase in sorbed P, averaged over six P rates, both soils and both electrolytes,

was accounted for by increased P extracted with 0.5 M NaHC03• Phosphorus

extracted with 0.5 M NaHC03 increased with added urea from 26.7% to 46.3%

of total added P. Non-extractable P decreased with added urea from 40% to

31.8%~f added P. Since the P extracted by 0.5 M NaHC03 can he considered

as labile P in soil (Barrow, 1985), this suggested that pH increases from urea

hydrolysis increased initial rapid sorption of P, but reduced conversion of P to

non-extractable forma. The mec~sm is unclear. Calcium-P precipitation at

higher pH values with more urea may have been in an amorphous, more easily

extracted form. Increased extractahle P with increased urea might also be

related to soil organic materials dissolved through pH increase from urea

hydrolysis. In a recent study, we found that addition of urea increased the

dissolution of soil organic matter (data not shown), The dissolved organic

matter could inhibit the formation. of stable calcium phosphates such as

dicalcium phosphate dihydrate, and hydroxyapatite by blocking sites for new
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crystal growth (GrossI and Inskeep, 1991).

Desorbed P from 0.01 M CaCl2 or 0.03 M KCl extracts accounted for about

7% of the added P, and was not affected by added urea. The effects of pH

increase on the charge ofthe sorption surface may have been offset by either the

increased salt effect from urea hydrolysis or the shift ofH2POi ta HPO.2- , thus

nullifying any effects on easily desorbed P. Solution P and Ca, averaged over

six P rates and both soils in the 0.03 M KCI extract, decreased with added urea,

especially at higher rates ofP. This indicated that solution P was controlled by

the formation of Ca-P compounds.

The availability of P ta crops is a function of P concentration in soil

solution, mobility and the ability of s051s to replenish the solution P as it is

removed. Uptake of P by crops is significantly affected by both the amount of

labile P and the P buffer capacity (Sahrawat and Warren, 1989). The pH

increase from urea hydrolysis could reduce solution P and increase P sorption,

but would also increase labile P and P buffer capacity. Thus, at equal amounts

of P extracted in soil solution, a urea-treated soil would contain a greater

reserve of desorbable P and L'lus a greater supply ofP for creps. When urea is

applied with P fertilizer, the pH and Ca content of soil should he considered ta

avoid a significant decrease of solution P. Such a decrease in P concentration

of soil solution could be due ta the i~crease of pH, Ca·P precipitation and any

salt effect resulting from urea hydrolysis.
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Figure 1. Effect of added P and urea·N on phosphorous concentration in

soils suspended in 0.01 M CaCl2 or 0.03 M KCl solutions (Vertical bars indicate

LSD 0.05 level for N rates).
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Figure 2. Effect of added urea on soil phosphorous fractions and calcium

solution concentration in 0.03 M KClsolution (Values are averaged over all P

rates and soils. P·Non is the P fraction retained in soil after 0.5 M NaHCOa

extraction. Vertical bars indicate LSD 0.05level for urea·N rates).
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Table 1. Selected physical and chemical properties of the soils

Soil pH clay silt organic Exchanqeable cations Soil P§

H20 1 H KCl mattert Ca Mg K Al SUM*

mg kg-' ----- ------ cmole kg-1 soil ------- kg P ha-'

Ste. R~salie 5.2 4.1 568 293 43 9.4 5.4 0.7 0.3 15.8 18

Ormstown 6.0 5.0 368 443 33 14.6 5.0 0.2 0 19.8 26

t Walk1ey-Black procedure (Nelson and Sommers, 1982)

* Sum of exchangeable Ca, Mg, K and Al (BaC12 method: Rhoades, 1982).

§ Mehlic~ No.3 extractant (Mehlich, 1984).
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• Table 2. Effect of added urea on suspension pH and Langmuir isotherm pararneters

for two eastern Canadian so.Us

Langmuir parametersSoils Added

urea

Suspension

pH b k R'

PBC

kb

mg N kg-' mg P kg-' mg P kg-'

------------ 0.01 M CaCl, as electrolyte -------

Ste. Rosalie 0 5.2 308 0.59 0.98"t 182

250 6.1 380 0.48 0.98" 181

500 6.8 512 0.34 0.98" 173

1000 7.3 589 0.29 0.96" 176

LSD 0.05 0.3 48 0.10 31

Ormstown 0 5.9 310 0.71 0.96" 219

250 6.5 352 0.79 0.98" 281

500 7.0 403 1.03 0.98" 417

1000 7.4 500 0.83 0.98" 423

LSD 0.05 0.1 32 0.13 54

---------- 0.03 M KCl as electrolyte ----------
Ste. Rosalie 0 5.1 330 0.49 0.90" 163

250 5.9 323 0.60 0.96" 193

500 6.5 336 0.61 0.98" 207

1000 7.3 351 0.62 0.96" 219_.
LSD 0.05 0.1 27 0.10 39

Ormstown 0 6.2 360 0.40 0.94" 143

250 6.6 371 0.40 0.94" 146

500 7.0 400 0.40 0.96" 160

1000 7.5 493 0.30 0.90" 147

LSD 0.05 0.1 31 0.12 28

t ** indicates significant at 0.01 probability level by F test.
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• CONNECTING PARAGRAPH

In the previous Chapter, resu1ts ofthe P sorption experiment showed that

adding urea had variable effects on soil P sorption characteristics, depending on

soil and electrolyte characteristics. ,Phosphorous sorption increased, and P

concentration in solution deereased with increasing urea and pH when using

CaCl2 as the electrolyte. But, added urea and pH had little effect when KCI was

used, indicating the urea effect on P sorption was influenced by Ca content.

Addition of urea to P fertilizer inereased 0.5 M NaHCOa extractable P and

reduced non-extractable P.

The availability and efficiency of applied P depend not oruy upon the

content of available P, but also the rate and extent of P diffusion in the soil to

plant roots. Rates and extent of diffusion are influenced by soil P sorption

capacity, P concentration in soil solution and P reactions during diffusion

processes. The following Chapter will look into the effect of the interaction

between urea and P fertilizer on the movement ofP from the fertilizer band into

soil and subsequent P transformations in Boil. This experiment was conducted

in the same soîls as previous experiments.
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CIlAPTERV

INTERACTION OF UREA WITH TRIPLE SUPERPHOSPHATE

IN A SIMULATED FERTU,IZER BAND
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• 1.ABSTRACT

Fertilizer nutrient diffusion from fertilizer bands and transformations in

soil affect fertilizer nutrient availability to crops. The interaction of urea and

triple superphosphate (TSP) on urea hydrolysis and P transformations during

diffusion processes from a fertilizer band was evaluated in a laboratory

incubation experiment with two eastem Canadian soils (Ste. Rosalie clay, Typic

Humaquept, pH 5.0; Ormstown silty clay loam, Typic Humaquept, pH 6.0). Two

fertilizer sources (urea and TSP) an4 three N and P rates (0, 100 and 200 kg

ha'!) were combined in a factorial arrangement. Fertilizer combinations were

placed on segmented soil columns, incubated and soil segments were analyzed

for N and P content. Acidification' from dissolution of TSP retarded urea

hydrolysis, and curtailed the rise in soil pH surrounding the fertilizer band.

Urea hydrolysis caused dissolution of soil organic matter, which might inhibit

precipitation of insoluble phosphates. Banding urea with TSP increased 1 M

KCl extractable P, soil solution P, sorbed P concentrations and total P diffused

away from the band. Urea decreased 0.01 M CaC~ extractable P, indicating

probable precipitation of calcium phosphates with CaCl2 extraction. Banding

urea with TSP could benefit P diffusion to plant roots and increase fertilizer P

availability.
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• 2. INTRODUCTION

Increased efficiency ofapplied phosphorous CP) fertilizer may depend upon

increased soluble P, and increased P movement into the soil from fertilizer

granules (Benbi, 1987). PhosphoroUB movement in soil is primarily by diffusion

(Barber et al., 1963). The rate of P diffusion is influenced by the amount of

applied P (Malcolm, 1986), soil water content, bulk density (Barraclough and

Thinke, 1981; Bhadoria et al., 1991), and soil P adsorption capacity ( Williams,

1971). These properties directly influence P concentration in soilsolutions (CI)'

In a sensitivity analysis, ~ was shown to be one of the most important soil

variables that affect P diffusion to plant roota (Silherbush and Barber, 1984).

Phosphate reactions in soil may also he influenced by organic matter

(O'Connor et al., 1986), pH changes (Lindsay and Stephenson, 1959; Kamprath,

1987; Fan et al., 1993), and electrolyte concentration in soilsolutions (Barrow,

1985).

Urea and triple superphosphate (TSP) are now important fertilizers and

common carriers in fertilizer programs. Mer application, hydroly8Îs of urea

may raise the pH of noncalcareous soils and increase OH', HCOs' and NH:

concentrations (Rachnpal-Sign and Nye, 1984; Fan and MacKenzie, 1993). The

increase in soil pH and ionic strength has a significant effect on P adsorption

(Barrow, 1985; Eze and Longanathan, 1990), P precipitation <Hanson, 1985),

P concentrations in soil solution (Fan et al., 1993) as well as the solubility of

soil organic matter (Myers and Thien, 1988). These soil changes with urea
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hydrolysis might influence P movement and reactions in soils. Urea hydrolysis

and subsequent changes in soil pH and NH:-N concentration also depend on

soil type and fertilizer management. Adding TSP could reduce urea hydrolysis

rates in acid soils (Fan and MacKenzie, 1993). Due ta different diffusion rates

of urea and TSP in soils, it is necessary ta study urea-TSP interaction during

diffusion processes.

While application of N with P in a band is known to increase fertilizer P

efficiency in crop production (Lu et al., 1987; Eghball et al., 1990), little

research is available on the interaction ofurea and phosphate on the movement

of P from fertilizer bands into soil and consequent P reactions in soils. The

objectives of this experiment were ta study the movement and reaction of

varying quantities of urea and TSP in soil with distance from a simulated

fertilizer band.

2. MATERIALS AND EXPERIMENTS

1). SOUS

Surface soil samples (0-15 cm) from two soils, a Ste. Rosalie clay (very

fine silty, mixed, acid, frigid, Typic Humaquept) and an Ormstawn silty clay

loam (fine silty, mixed, non-acid, frigid, Typic Humaquept), differing in physical

and chemical properties (Table 1) were used. Samples were taken from soils

which had received little fertilization. Samples were air·dried, and ground ta

pass a 2 mm sieve.
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2). Measurement of phosphate and urea movement and

transformation in soils

The experiment compared two fertilizer sources (urea and TSP ) at three

levels (0, 100 and 200 kg N or P ha"! ) calculated on a soil surface area basis.

Treatments were arranged in a completely randomized design. Each treatment

was replicated twice.

Soil·fertilizer cyllnder preparation. The technique used was a modification

ofthat of Lindsay and Stephenson (1959) and Moody (1989). Soil was packed

into a polyvinylclùoride (PVC) cylinder (7.5 cm internaI diameter and 5 cm high)

in 8 layers. Six layers were 5 mm deep (0·30 mm), 21ayers 10 mm (31·50 mm)

deep. A bulk density of 1.07 g cm"s, that ofthe soil in the field, was obtained by

adding a calculated quantity of soil one layer at a time. The layers wel'e

separated by sets of three Whatman No. 2 filter papers, slightly smaller than

the diameter of the PVC cylinder. After packing the cylinder, soil moisture was

adjusted to 250 g kg'! for Ste. Rosalie soil, and 200 g kg'! for Ormstown soil.

Two dayslater, fertilizers were applied uniformly as finely ground materials «

1 mm) on the surface of the first set offilter papers on each cylinder. The top

and bottom of the packed cylinder. were covered with parafilm to prevent

moisture loss. Following preparation, soil cylinders were incubated vertically

at 25 ·C.

Extraction and analysis ofsoilsamples. After periods of5, 10, and 20 days,

filter papers and soillayers were separated and each soillayer was thoroughly
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• mixed. Two g of moist soil sample from each layer was extracted with 50 mL

1 M KCL containing 5 mg L· I of phenylmercuric acetate (PMA) for urea

(MuIvaney and Bremner, 1979), NH., NOs and N02-N analyses (Keeney and

Nelson, 1984). Sail sub-samples were oyen dried at 90 ·C for 24 hour to

measure water content. Sail pH was. measured in 1:20 (w:v) moist soil:0.01 M

CaCl2 suspensions.

Desorption of phosphate. One g moist soil, sampled from each layer, was

first shaken for 24 hours at 25 ·C with 0.01 M CaCl2 at a solution:soil ratio of

20:1 (v:w). Suspensions were centrifuged at 5,000 g and supematants filtered.

Concentration of P in the filtrates was determined as sail solution P (Barrow

1979). SuIphuric acid soluble P in the residual soil samples in the centrifuge

tubes was measured by shaking sail for 16 hours in 0.5 M H~O. (1:20,

soil:solution) (Williams, 1971). Soil P extracted in M KCI (1:25, w:v) was

determined on moist soil samples. Amounts ofP above that for unfertilized soil

were assumed to be from fertilizer P.

Concentration of P in soil solution adsorbed into the filter paper was

determined. The center filter paper from each set of three was removed and

weighed immediately. The increase in weight over that of an oven dried filter

paper of the same size was taken as weight of solution in the filter paper. The

moist liter paper was extracted with 20 mL of 0.5 M ~SO. solution and

analyzed for P.

An indication ofthe amount ofCllssolved soil organic matter (DOM) in the
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• extract was obtained by measuring absorbence (ABS) of the fi1ter paper

extraction solution at 400 nm (Perrot, 1992).

3). Analysis of results

The data from each soil segment were analyzed in a completely

randomized design. The effects ofurea-N, TSP-P rate and their interaction on

pH changes, DOM, urea hydrolysis and P fractions were tested with the GLM

procedure of SAS for orthogonal contrasts (SAS Institute, 1985). Least

significant differences (LSD) for means were computed using the GLM

procedure. Where there was a similar tendency between two soils or

treatments, only one soil or definitive treatment is discUBsed.

4. RESULTS AND DISCUSSION

1). Water movement (Ste. Rosalie soil)

When urea and TSP was applied te soils, soil water moved into fertilizer

layer in response te moisture potential gradients. At 10 days, the water content

of fertilizer layer increased from 50 g kgl to 318 g kg"l. The water content of

the soil adjacent te the fertilizer layer (0·5 mm distance) was reduced te 128 te

175 g kg-' from about 210 g kg"l in TSP or TSP plus urea treatments, and varied

with TSP rate (Fig. la). Water content then increased gradually with distance

up te approximately 17.5 mm from the fertilizer. This water distribution with

P fertilizer was consistent with that of Lindsay and Stephenson (1959). The

difference found in our studies was that water in the wetter zone did not move

into the drier zone, but formed a sharp juncture at the boundary between the
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wetter and the drier zones. The formation ofhard pan at the moist-dry juncture

was noted, and might indicate the reprecipitation ofP-dissolved soil minerais.

With TSP treatments, water contents were consistent with a process of water

yapour movement into fertilizer layer, with subsequent dissolution of the

fertilizer and solution movement away from the fertilizer layer (Lindsay and

Stephenson, 1959). With urea aIone, there was an increase in soil water content

near the fertilizer layer, with a graduai decrease in water content to the 17.5

mm distance (Fig. lb). The water contents in the treatments with urea alone

reflected a rapid dissolution ofurea a.nd rapid diffusion of the fertilizer solution

from the fertilizer into the soil. Moisture movement with combinations of urea

and TSP resulted in a combination of the two water movement processes.

2). Urea hydrolysis and pH .changes

After five days, urea in treatments of 100 and 200 kg Nha'! decreased

linearly with distance from the fertilizer layer (Fig. 2a). Urea leveh; were

p;:oportionaI to the rate of added N. Diffusion ofurea was found up to 37.5 mm

from the fertilizer layer in the Ormstown and 27.5 mm in the Ste. Rosalie soil.

Urea concentrations at 10 d in both soils decreased markedly from the 5 d

values. Little urea remained at 10 d for 100 kg N ha'! rates and at 20 days for

all rates in the Ormstown soil and at 20 days for 100 kg N ha'! rates in the Ste.

RosaIie soil (not presented). Application of TSP with urea resulted in higher

concentrations of urea in both the fertilizer layer and in acijacent soil layers

than with treatments of urea aIone in the ormstown soil at 5 and 10 d (Fig. 2a-
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cl. After 5, and 10 d, the total amounts of urea remaining in the soil with TSP

treatments were significanUy higher than treatments without TSP in both soils

(Table 2). Urea contents increased with increased P rates in both soil.

Results from 5 d and 10 d were consistent with findings of a study, in

which adding TSP to urea increased urea recovery (Fan and MacKenzie, 1993).

Fan and MacKenzie (1993) showed that the urea hydrolysis had heen retarded

by TSP in both the fertilizer layer and ·.e soil into which urea diffused, even

though phosphoric acid diffused at a slower rate than urea. Bremner and

Douglas (1971) and Stumpe (1981) also found that urea hydrolysis was reduced

by 14 to 50% with urea phosphate (UP) compared with urea alone, and the

delay in urea hydrolysis was related to the N:P ratio of the UP (total acidity).

The urease inactivation caused by acidity and the inhibition by orthophosphate

of urea hydrolysis might he the main effects of TSP on retarding urea

hydrolysis.

Urea hydrolysis resulted in an increase in soil pH (Fig. 3), but this

increase was modified by added TS? In Ste. Rosalie soil, urea alone at 200 kg

ha') increased soil pH (0.01 M CaCI2) from 4.5 to over 8.0 at distances of 0 10 25

mm after 5 d diffusion. Adding TSP reduced the pH in the 0 10 5 mm soillayer

from 4.5 to 3.4 or 4.2, depending on P rate. Acidification from added TSP

reduced the pH increase from urea. hydrolysis as far as 7.5 mm from the

fertilizer layer compared with urea alone. This effect of TSP on acidity might

also result from retarded urea hydrolysis. Urea hydrolysis is usually slower in
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• acid soils, which might result in less pronounced rise in pH from urea

hydrolysis. Effects on soil pH from urea hydrolysis and TSP acidification

decreased with time. At 20 d, the effect of TSP on urea treatments was

eliminated probably due to acid neutralization by soil minerais during diffusion,

or by urea hydrolysis.

3). SoU organic matter solubility

Dissolved soil organic matter, increased in the soil solution of aIl

treatments with urea or urea plus TSP. As urea rates increased from 0 to 200

kg N ha· I
, ABS in the extractant increased from 0.05 to 0.30 in the Ste. Rosalie

soil and to about 0.23 in the Ormstown soil at 10 mm distance from the

fertilizer layer after 10 d (Fig. 4). Higher ABS values from treatments of urea

or urea plus TSP could be identified up ta a distance of 40 mm from the

fertilizer site. This was consistent with the pH changes in the soil (Fig. 3), in

that high pH can lead to dissolution of fulvic and humic acid components of

organic matter (Schnitzer, 1978). Increased NH. concentration from urea

hydrolysis could have increased nOM, as Myers and Thien (1988) found that

nOM increased with increase in NH.OH·N rates. The effect of urea on nOM

was greater in the Ste. Rosalie soil than in the Ormstown soil, probably due to

the higher organic matter content of-the Ste. Rosalie soit

4). Phosphorous movement and transformation

Because there were significant interactions among added urea and TSP

treatments with distance, N and P effects as weIl as their interaction at each
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• distance were considered separately (Table 3).

Adding urea with TSP increased P concentrations in CaCl2 extractions at

the 0 to 5 mm distance in both soils ailer 5 d (Tables 4 and 5), but reduced the

CaCl2 extractable P concentration at 0 to 5 and 5 to 10 mm distances after 10

d in Ste. Rosalie soil (Table 4), and at distances from 0 to 5 mm to 15 to 20 mm

in the Ormstown soil after 10 d (Table 5). This effect of urea disappeared in

both soils after 20 days ofreaction. Decreased P concentration in CaCl2 extract

with added urea was probably related to the high pH, which caused Ca-P

precipitation when both Ca and P concentrations in soilsolution were high (Fan

et a!., 1993; Eze and Loganether, 1990).

In contrast, urea increased sorbed P and total P for both 10 and 20 d for

both soils (Tables 4 and 5). Adding urea with TSP increased sorbed P

concentrations and total amounts ofP at 5 to 10 mm, 10 to 15 mm and 15 to 20

mm distances after 5 and 10 d diffusion, and at 20 to 25 mm distance after 20

d ofdiffusion in the Ste. Rosalie soil (Table 4). In Ormstown soil, however, urea

effects on sorbed P and total P diffused were not as pronounced as those in the

Ste. Rosalie soil (Table 5). Increases in sorbed P and total P diffused were found

at the 0 to 5 mm and 15 to 20 mm distance after 5 d of diffusion; only in sorbed

P at distance of 0 to 20 mm at 10 d; and in sorbed P and total P at 15 to 25 mm

distance after 20 d. Because Ormstown soil has a higher pH and a higher

exchangeable Ca content than the Ste. Rosalie soil, P diffusing into the soil

might be transformed into non-extractable Ca·P compounds. Perrot (1992)

106



•

•

reported that, where exchangeable Ca was present in soil samples, precipitation

of Ca-P occurred during alkali extraction.

Adding urea with TSP increased the total P concentrations in solution

sampled with filter paper (Fig. 5a-b) and in soil extraction with 1 M KCl (Fig.

5c-d). Higher P concentrations could be found in the solution of the treatment

with urea plus TSP compared with TSP alone at aIl distances in both soils after

10 d. This contrasts with the urea effect on P concentration in CaCl2 extraction

where urea reduced P concentration. Naidu and Syers (1990) also found, in

contrast with sorption of P from 0.Q1 M CaCl2 by soHs, that amounts of P

sorbed decreased steadily with increasing pH when KCl was used as background

electrolyte. This again impliès precipitated Ca-P with CaCl2 extracts of urea

treatment. It has often been reported that whenever an increase in P sorption

was observed at high pH values, either Ca+2 was present from the liming

material, or was present in the background electrolyte. This led several authors

(Fox et al., 1974; Barrow et al., 1985) to propose that the precipitation ofCa-P

is responsible for the decrease in solution P concentration at high pH values.

A similar role for Ca in the formation of surface complexes with P has been

advanced by Smillie et al.(1987).

When large amounts of urea were banded with TSP, the rise in pH and

NH6+concentration in the layer dissolved organic matter as also noted by Bell

and Black (1970), Tomasiewicz and Henry (1985), and Myers and Thien (1988).

Dissolved organic matter could inhibit the precipitation ofCa·P compounds by
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adsorbing onto Ca-P surfaces, thus blocking sites for new crystal growth (GrossI

and Inskeep, 1991). Inskeep and Silvertooth (1988) found that organic

constituents inhibited the formation ofthermodynamically stable Ca phosphates,

thereby maintaining higher soluble P levels in soils. Moreover, in addition to

ionic phosphate in soil solution, as much as half the phosphate may be present

as soluble organic compounds, partically in soils containing appreciable organic

matter (Barber, 1984). The high pH in soil solution resulting from urea

hydrolysis might increase decomposition orthe soluble organic compounds in soil

solution. This high level of soluble P and the complexing ofP precipitates with

organic acids would account for increased P diffusion into the soil.

5. CONCLUSION

Banding TSP with urea affected both urea and P movements and

transformations in soils. Acidification from TSP retarded urea hydrolysis in

both soils, and therefore, curtailed the rise in pH of the soil surrounding the

fertilizer layer. Urea hydrolysis caused dissolution of organic matter in soils,

which might have inhibited precipitation of insoluble phosphates. Banded

application of urea with TSP increased soluble P as measured in 1 M KCl and

soil solution as measured in fllter paper, sorbed P concentration and total

amount of P diffusing into both soils. Adding urea decreased the P

concentration in 0.01 M CaC~ extractions, indicating that the precipitation of

Ca-P might occur at high pH values when CaCl2 is used as the extractant, or in

soils with high exchangeable Ca+2 contents. Therefore, banding urea with TSP
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• could benefit P diffusion ta plant roots in soil and increase fertilizer efficiency

in low Ca soils.
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Figure 1. Water content in soil as related ta distance from urea and/or

triple superphosphate layers after 10 days (a) and 20 days (b) in a Ste. Rosalie

soil. Fertilizer layer is at 0 mm, and plotted values are the means of 5 or 10

mm soillayers.
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Figure 2. Effect of triple superphosphate on urea concentration in

Ormstown soillayers at increasing distances from the fertilizer layer. Vertical

bars represent LSD at 0.05 probability leveI.
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Figure 3. pH changes in Ste. Rosalie soil as related to the distance from

urea and/or triple superphosphate layers. Vertical bars represent LSD at 0.05

probability leveI.
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Figure 4. Effect of urea and/or triple superphosphate on dissolution of

soil organic matter with distance from the fertilizer layer after ten days

reaction. a). Ste. Rosalie soil; b). Ormstown soil. Vertical bars represent LSD

at 0.05 probability levet
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Figure 6. Effect ofurea and/or triple superphosphate on P concentration

in soil solution sampled with filter paper (a and b) or extracted by 1 M KCl from

soil layers (c and d) with distance from the fertilizer layer after ten deys

reaction. Vertical bars present LSD at 0.06 probability level.
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Table 1. Selected physical and chemical properties of the BOils

Soil

Series

nH

~o MKCI

clay silt organic

mattert

Exchangeable cations

Ca Mg K Al ECEC:j:

Soil P§

__ gkgo1 • -- cmolc( +)/kg BOil ---- kg Plha

Ste. Rosalie 5.0 4.0

Ormstown 6.0 5.1

568 293

368 443

43

33

9.4 5.4 0.7 0.3 15.8

14.6 5.0 0.2 0.0 19.8

18

26

t Walkley-Black procedure (Nelson and Sommera, 1982)

:j: Sum ofexchangeable Ca,Mg,K and Al (BaCI" method; Rhoades, 1982).

§ Mehlich No.3 extradant (Mehlich, 1984).
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• Table 2. Influence of triple superphosphate (TSP) on the amount of applied urea remaining in
the soil after 5, 10 and 20 d

Treatment Ste. Rosalie Ormstown

Urea·N TSP·P 5 days 10 days 20 days 5 days 10 days 20 days

••• kg ha·1 ••• ••-._••_••- The amount of urea in BOil g kgl _...•_ •._.-

100 0 208(18)t 78(5) 9.5(1) 488(52) 12(2) 0

100 100 230(20) 83(5) 3.4(1) 811(68) 147(11) 1.2(0)

100 200 258(21) 163(12) 49(6) 823(43) 417(31) 37(3)

200 0 270(21) 139(8) 100(8) 847(76) 171(10) 32(4)

200 100 250(19) 200(11) 74(6) 808(90) 288(15) 6.4(1)

200 200 302(23) 175(7) 72(6) 820(95) 380(23) 15(2)

•••_._..••••_•••_- significance of F value •__._•••_ ••_ ••••

ANOVA N •• ** •• .* •• **

P •• •• •• *. •• .*

N*P ns ** •• •• *. **

LSDo... 39 23 8 210 37 5

t Numbers in parenthesis are standard deviations. ** and • indicate significance at P<O.OI and
0.051evel by F test respectively; ns indicates not significant at P<O.05IeveI. N=N rate, P=P rate.
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• 'l'able 3. Significance of N and P effects on CaC!" extractable P, sorbed P and total P diffusing
into soil after 10 and 20 d of fertilizer addition to Ste. Rosalie soil

10 clays 20 clava
VariableB P",C12 Sorbed·P Total·P P",ClI Sorbed·P Tootl·P

At 0 • 5 mm diBtance
N 0 nB 0 nB nB nB

Linear 00 nB 0 nB nB nB
Quadratic 00 nB 00 nB nB nB

P 00 00 00 00 .. 00

Linsar 00 00 00 00 00 ..
N°P nB nB nB nB nB nB

C.V..... 49.8 80.1 25.6 49.9 8.9 28.5
At 5 • 10 mm diBtance

N 00 o. 0 o. nB o.

Linear 0 00 nB nB nB 00

Quadratic 0 00 00 0 nB 00

P 00 .. 00 o. .. 00

LinBar o. •• 00 .0 00 00

N°P • nB nB •• nB ns
C.V..... 18.2 17.2 15.9 16.5 9.2 8.8

At 10 • 15 mm distance
N ns 00 0 •• 0 0

Linear ns 00 o. •• 0 00

P o. 00 00 00 o. ..
Linear o. 00 .. o. • 0 o•

N°P nB ns ns 00 ns ns
C.V..... 88.7 27.1 27.5 8.6 12.8 10.8

At 15 • 20 mm distance
N ns 0 .0 ns • 0

Linear ns 0 o. ns 0 0

P ns o. o. 00 00 ..
Linear ns o. o. .0 00 00

N°P ns ns ns ns nB ns
C.V..... 58.4 70.0 72.2 87.8 84.2 82.7

At 20 • 25 mm distance
N ns ns 00 ns ns 0

Quadratic ns ns 00 ns nB 0

P ns • 00 ns .0 00

Linear ns 0 00 ns 0 0

N°P ns ns ns nB nB nB
C.V..... 52.9 10.2 58.0 62.8 40.8 48.1

t na indicates no significant difference at P < 0.05 probability level; ., •• indicate
significant difference at P < 0.05 and P < 0.01 probability level at respectively. N =N
rate, P =Prate.
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• Table 4. Distribution offertilizer-derived phosphorus with distance from the fertilizer
layer in the Ste. Rosalie soil

Time Distance N.P2M N2~

from the
pCa.;12t Sorb-P Total·P Retain PCaC12 Sorb·P Total· Retainlayer

-P P -P

days mm M mol kg"! mg % M mol kg"! mg %

6 0 4.10 2.12 1930 48.2 4.17 1.94 1896 46.1

0-6 0.69* 0.78 880 21.0 0.78* 0.75 986 23.6

6-10 0.10 0.34* 278* 6.6 0.12 0.50* 395* 9.4

10-16 0.01 0.08* 50* 1.2 0.01 0.14* 86* 2.0

15-20 0.00 0.04* 17* 0.4 0.00 0.07* 36* 0.8

10 0 4.00 1.80 1813 43.2 3.47 1.88 1659 39.6

0-6 0.72* 0.94* 1075 25.6 0.51* 1.21* 1122 26.7

5-10 0.29* 0,34* 402 9.6 0.16* 0.52* 434 10.3

10-16 0.03 0.12* 92* 2.2 0.03 0.27* 183* 4.4

15-20 0.00 0.02* 11* 0.3 0.01 0.16* 101* 2.4

20-26 0.00 0.01 0* 0.0 0.00 0.02 3.6* 0.1

20 0 2.36 3.19 1720 41.0 2.21 3.05 1632 38.8

0-6 0.83 1.21* 1317* 31.0 1.06 1.41* 1609* 38.3

5-10 0.33* 0.58* 596* 14.2 0.20* 0.66* 711* 16.9

10-15 0.16* 0.23* 246 5.8 0.15* 0.29* 278 6.6

15-20 0.02 0.13* 90* 2.2 0.06 0.16* 130* 3.1

20-26 0.00 0.03* 9.6* 0.2 0.01 0.06* 37* 0.9

t PCaCI2 =P concentration in 0.01 M CaC~ extraction, moleIL; Sorb-P =P concentration
in extraction in 0.5 M ~O. molelkg; Total-P =total amount of fertilizer P from
various extractions in a soillayer, mg; Retain-P =P retained in a soillayer, as % of
applied P.
* indicates there is a significant dift'erence between the two treatments at 0.05% level

of probability by 18D.
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• Table 5. Distribution offertilizer·derived phosphorus with distance from the fertilizer
layer in the Ormstown soil

Time Distance NoPm N....P.oo
from

the layer P;"Cl2t Sorh- Total· Retain- PCaCl2 Sorh- Total- Retain-
P P P P P P

Days mm M mol mg % M mol mg %
kg-' kg-'

5 0 4.13 1.42 1951 48.8 4.27 1.21 2339 55.7

0-5 0.79· 0.27· 687· 16.4 0.97· 0.61· 1023· 24.4

5·10 0.23 0.16 250 5.9 0.26 0.18 275 6.5

10·15 0.12 0.09 134 3.3 0.14 0.14 176 4.2

15-20 0.03 0.03· 33· 0.8 0.03 0.06· 49· 1.2

10 0 5.30 1.47 1838 43.7 4.66 1.37 1614 38.4

0·5 1.13· 0.61· 1125 26.7 0.56· 0.74· 838 20.0

5·10 0.40* 0.34· 477 11.4 0.23· 0.58· 519 13.0

10·15 0.24· 0.18· 266 6.3 0.13· 0.32· 285 7.2

15·20 0.15· 0.13· 176 4.2 0.04· 0.20· 148 3.7

20-25 0.02 0.05 57 0.7 0.01 0.07 45 1.1

20 0 1.96 2.10 974 23.2 1.85 2.39 880 20.9

0·5 0.48 0.87 874 20.8 0.46 0.82 830 19.8

5·10 0.37 0.59 619 13.0 0.29 0.58 555 13.2

10-15 0.27 0.34 390 7.2 0.20 0.42 392 9.4

15·20 0.18 0.21· 246· 3.7 0.15 0.29· 278· 6.6

20·25 0.04 0.05· 143" 1.1 0.10 0.18" 175· U

t PCaCl2 = P concentration in 0.01 M CaCIo extraction, moleIL; Sorb-P = P concentration in
extraction in 0.5 M u.sO. molelkg; Total-P = total amount of fertilizer P from various
extractions in a soillayer. mg; Retain·P = P retained in a soillayer. as % of applied P.
" indicates a significant ditference between the two treatments at 0.05% level ofprobability by

LSD.
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• CONNECTING PARAGRAPH

Chapter II and III demonstrated that adding acidic phosphates such as

TSP and MAP ta urea reduced pH in fertilizer mîcrosites and retarded urea

hydrolysis and NHa loss from urea applied on both soils. Soil NB,- and NOa-N

contents were increased when urea was applied as a mixture with acidic P

fertilizers. In Chapter N, results of the P sorption experiment showed that

adding urea had variable effects on soil P sorption characteristics, depending

on soil and electrolyte. Phosphate sorption increased, and P concentration in

solution decreased with increasing urea and pH when using CaCia as the

electrolyte. The opposite occurred with KClas the electrolyte. Urea application

increased available P as expressed by 0.5 M NaHCOaextractable P and reduced

non-extractable P in both soils. Chapter V further showed that acidification

from TSP retarded the rate of urea hydrolysis during diffusion process in both

soils, and curtailed the rise in pH of the soil surrounding the fertilizer layer.

Urea hydrolysis caused dissolution of soil organic matter, increased sorbed P,

and increased P diffusion inta the soil. This experiment aIso confirmed that

decreases of P concentration in soil solution with added urea were related ta

precipitation of Ca-P compounds when CaCIa was used as electrolyte or in soil

with higher ell."hangeable Ca content. Adding urea with TSP increased P

concentrations in soil solutions sampled with filter paper or in 1 M KCI

extraction in both soils. These effects ofthe interaction between urea and aeidic

P fertilizers in soil-fertilizer mîcrosites on pH, NHa production, NB,- and NOa-N
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content and on P availability and movement in soil would greatly benefit crop

growth, especia1ly in early ,growing Besson of corn in P deficient acid soils.

Banding urea with acidic P fertilizers could result in the increase of both

nutrient uptake and corn yield. In Chapter VI, the effect ofbanding urea with

acidic P fertilizers in acid soils was evaluated on N and P uptake by corn, corn

growth and grain yield under field conditions. In the two-year experiments in

Ste. Rosalie and Ormstown soils, the efficiency of utilization of P fertilizers as

affected by banding urea was studied.
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CHAPl'ERVI

CORN (Zea mays.L> YlELD AND PHOSPHOROUS UPTAKE AS

INFLUENCED DY BANDING UREA AND PHOSPHATE MIXTURES

IN TWO EASTERN CANADIAN SOILS
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I.ABSTRACT

Low fertilizer P effieiency is a problem in agricultural production on aeid

soils, but effieiency may be affected by methods offertilizer application. A field

experiment was conducted on two eastem Canadian soils (very fine silty ta fine

silty, mixed, frigid Typic Humaquep1s) ta evaluate the effect of banding urea

with acidic P fertilizers on corn (Zea mays L.) yield and fertilizer effieiency. Two

sources ofP(triple superphosphate, TSP; and monoammonium phosphate. MAP)

and three rates of urea (0, 30, and 60 kg N ha·1
) banded with P fertilizers (90

kg P20 6 ha' l ) were studied in 1990. In 1991, three rates ofTSP (0, 45, and 90

kg P20 6 ha·1) were used in combination with the same three rates of urea ta

determine the effect of banding ratio of urea·N : TSP·P20 6• The residual

fertilizer effects of the 1990 treatment were investigated in 1991. Banding urea

with TSP or MAP increased soil extractable P (Mehlich·3). At the six·leafstage,

plant P concentrations and dry matter yields were increased linearly with bath

banded N and P in the Ste. Rosalie soil. p.ud quadratically in the Ormstawn soil.

Total N and P uptake by corn was increased in both years by banding urea with

TSP or MAP, and fertilizer P use effieiencies increased by 40 te. 80%. Urea

banded with P increased grain yield linearly with N rates in the Ste. Rosalie soil

and quadratically in the Ormstawn soil. No interactions were found between

banded N rates and P sources in 1990. and between banded N rates and P rates

in 1991. Greater residual effects ofP fertilizer were found on grain yields and

P uptake where P was banded with urea compared ta P banded with no urea.
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2. INTRODUCTION

Low fertilizer P efficiency often occurs in acid soils because acid soils sorb

fertilizer P (Lindsay et al., 1962; Eghball et al., 1990), with reduced P

availability to crops. Methods to increase efficiency of P fertilizer through

reduced sorption or fixation are required for improved crop management.

It has been reported that in a greenhoUBe experiment (Lu et al., 1987)

single superphosphate (SSP) applied with urea increaeed soil Olsen·P values

and P uptake in a calcareoUB soil, compared tJ:l diammonium phosphate (DAP).

Raun et al. (1987) found urea phosphoric ..cid (UP) provided greater yield, grain

P concentration and total P uptake than ammonium pyrophosphates and DAP

on a calcareous soil. Little information is available on the effect of urea on P

availabilit~ ~'"()m P fertilizers UBed in acid soils.

In a laboratory incubation experiment, extractable P levels and P

movement were increased when urea was mixed with triple superphosphate

(TSP) compared to TSP alone (Fan et al., 1993). The effect of urea on P

availability was thought to be due to a pH rise, dissolution of soil organic

matter, reduced acidification by TSP and reduced P precipitation.

The objective ofthis study was ta determine the effect ofmixing urea with

acidic phosphates in the fertilizer band on P availability in terms of N and P

uptake, com growth, and grain yield.

3. MATERIALS AND METHOD

Field experiments were carried out on a Ste. Rosalie clay (very fine silty,
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• mixed, acid, frigid, Typic Humaquept) and an Ormstown silty clay loam (fine

silty, mixed, non-acid, frigid, Typic Humaquept), differing in physical and

chemical properties (Table 1). Both soils were acid and had low soil test P

values. In 1990 there were nine treatments at each site; two sources of P (TSP

and monoammonium phosphate, MAP) banded with three rates ofbanded urea

(0, 30, and 60 kg N ha· l
) plus urea alone treatments. Broadcast urea was

applied before seeding to bring total N to 180 kg ha· l
• In 1991 the experiments

were conducted in different locations from those in 1990, but on the sarne soils

and sites. Because no significant differences were found between MAP and TSP

in 1990, treatments were factorial combinations of three levels of TSP (0, 45,

and 90 kg P20 6 ha·l
) with urea a!:l in 1990. Treatments were arranged in a

randomized complete block design with four replications.

Soil was ploughed 20 cm deep in the fall and disced to 10 cm in the spring

before planting. Potassium fertilizer (KCI at 180 kg~O ha 1) WC.S broadcast on

the soil surface in each plot prior to discing. Corn seed (Dekalb-403), pretreated

with fungicide, was sown at 5 cm depth by a modified John D~ere-7100planter

(ALMACO, Nevada, lA). Banded urea and P w"re placed 5 cm be~ide and 5 cm

below the seed row at planting time, and band loca~;ons marked. Corn was

planted at 80,000 seeds ha· l
• Plots were 5 by 3 m with four rows of corn spaced

at 0.75 m.

At the six and nine leaf stages in 1990, and the eight leaf stage in 1991,

50% silking stage and harvest time in both years, soils were sarnpled as six
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• cores a plot in the fertilizer band at a depth of one to 15 cm, and three plant

samples were taken at the sarne period. Root sarnples were taken by pressing

a metal cylinder (9.0 cm internal diameter and 10 cm high) into the soil, after

the plant shoot had been eut, at the six leaf stage in 1990, and eight leaf stage

in 1991. The metal cyclinder was removed, and excess soil trimmed from the

cyllinder. Roots were separated from soils by washing soil through a 1 mm

-aéille.. Soil pH in 1 M KCI (1:1) was determined with a glass-electrode method.
~;-t"(

Soil extractable P was determined by using the Mehlich·3 extractant (Mehlich,

1984) and the ascorbic aeid·ammonium molybdophosphate blue method

(Watanabe and Olsen, 1965). Soil NH4 and N02+NOs were extracted from fresh

soil by shaking with 1 M KCI for 60 min. Ammonium-N was determined with

the sodium salicylate! sodium nitro-prusside method and nitrate was

determined with the copperized cadmium reduction method (Keeney and Nelson,

1984) using a Technicon Autoanalyser system. Plant sarnples were digested

with sulphuric aeid-hydrogen pero~de method (Thomas et al., 1967), and

analyzed for NH4 and '1) using the same methods as for soil analyses.

Fertilizer P effieiency was calculated by subtracting P uptake in

corresponding check treatments from P taken up in P fertilizer treatments and

divided by applied P rates.

In order to study the residual effect of the P fertilizers banded in 1990,

corn was sown in the sarne plots in 1991 in both soils. Fertilizer N and K

(NH4NOs 180 kg N ha-! and KCl180 kg~O ha'!) were broadcast on the surface
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• of the plots and disced into soil before planting. Other analyses were obtained

using the same methods as for the other field plots.

Statistical analyses were carried out for each soil-site based on the

procedures of GLM. REG and contrast etc. in the Statistical Analysis System

(SAS Institute. 1985).

4. RESULTS AND DISCUSSION

1). pH, nitrogen levels and soU test P

Banding urea with P fertilizers in both soils intluenced soil chemical

properties in the band. Added urea resulted in an increase in NH6

concentrations and in pH in the fertilizer bands at the six leaf stage (Table 2).

Exchangeable Ca and Mg concentrations were significantly lower for the urea

plus P fertilizers treatments in the Ste. Rosalie soil compared to P alone (data

not shown).

Added P increased Mehlich-3 extractable P levels in the band location of

both soils for bath years (Fig. 1). No significant difference in extractable P was

found between TSP and MAP in 1990. Banding urea with P fertilizers increased

soil extractable P concentrations in bath soils at each P level or P source in soils

sampled at the six and nine leaf stages. A significant regression was found

between Mehlich-3 extractable P at the bix leafstage and banded N and P rates

in bath soils in 1991 (Table 3). The extractable soil P from soils treated with

equivalent P application rates decreased less with time in the Ormstown soil vs.

the Ste. Rosalie soit Urea effects were significant at harvest time in the
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• Ormstown soil. This may be due to higher pH and extractable P in the

Ormstown soil, which could lead to the formation of more soluble P reaction

products (Hanson and Westfall, 1985). Banding urea with P fertilizers did not

increase 0.03 M KCI extractable P in either soil (data not shown), indicating

that banding urea with P fertilizers increased soil P capacit:v but not P

intensity. These results are consistent with an incubation experiment where

urea incubated with P was found to increase 0.5 M NaHCOs extractable P but

not 0.01 M CaCIs or 0.03 M KCI extractable P in either Ste. Rosalie or

Ormstown soil (Fan et al., 1993). Hanson and Westfall (1985) noted that

fertilizer P availability was enhanced by placement of ammonium·N in direct

contact w.ith P. When ammànium-N concentrations were increased to 89 kg N

ha'! in a P fertilizer band, reaction products tended toward more available Ca·P

forms than with P fertilizer alone. Chien et al. (1987) found that urea was

much better than NH4CI in increasing P availability from Pesca phosphate rock

and TSP for maize. They concluded that the better performance of urea was

due to the interaction of urea hydrolysis and soil organic matter that resulted

in a greater dissolution of phosphate rock in the soil.

2), Phosphorous uptake by plant

Banded urea with P generally increased plant P conentrations in bath soils

and years (Table 4). Banded urea increased plant P concentrations at the si:,.

leaf stage quadratically in the Ste. Rosalie soil in 1990 and at the eight leaf

stage in both soils in 1991, with calcUlated maximum banded urea rates at the
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• six or eight leaf stages of 38 to 58 kg N ha' l across all P sources and rates. At

later stages, N effects on P concentrations were linear, indicating optimum N

levels at or above 60 kg N ha· l
• Thus, although higher urea N rates may have

been unnecessary, or detrimental in some cases to six leafseedlings, such effects

were temporary. Increased P concentrations in 1991 were linear with added P

at the eight leaf stage, and quadratic at the silking stage. This implied that P

was more deficient at the eight leaf stage than at the silking stage. Perhaps

this was due ta greater soil P availability at or prior ta silking due ta warmer

soil temperatures and enhanced biological activities compared to soils up to the

eight leaf stage. Without added P, shoot P concentrations were below the

criticallevel of 3.5 to 4.0 g P kg· l for bath soils as noted by Barry et al. (1989).

Adding P fertilizer, regardless of the P source, increased P concentrations in

plant into the sufficient range, 4.0 ta 8.0 g P kg· l at six leaf stagesj and 2.5 ta

4.0 g P kg· l at the silking stages in both soils. An exception was found in the

P concentration at silking stage in the Ste Rosalie in 1991, which was less than

2.5 g kg- l indicating a possible P deficiency even with added P.

At the eight leaf stage, plant P concentration and dry matter yield were

significantly relat..::d to rates ofbanded N and P in the Ste. Rr'lsalie soil, and ta

P rate in the Ormstawn soil (Table 3). This means the effect of urea banded

with P fertilizers was greater in the Ste. Rosalie soil, which is not consistent

with the effect of urea on soil Mehlich·3 P values. The lower pH and lower Ca

concentration in the Ste. Rosalie soil MaY have resulted in a greater impact of
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• pH change on soil P availability, or less P precipitation at lùgher pH than in the

Ormstown Boil. Further, the greater buffer capacity in the Ste. Rosalie could

mean a reduced magnitude of pH change (Table 2), therefore a reduced impact

on root physiology.

Total P uptake, wlùch represent the total P concentration of the above

ground plant parts, was significantly increased by banding urea with P

fertilizers in allsite-years (Tables 5 and 6). There was no significant interaction

between urea-N rates and P sources on P uptake in either soil in 1990. There

was an interaction between banded urea-N rate and Prate "n total P uptake in

both soils in 1991 (Table 6). Urea effects on total P uptake were oIÙY noted

when P was also added in the band, and the quadratic response to added urea

indicated that rates near or helow 60 kg N ha· l were optimum. The maximum

banded urea rates for total P uptake in 1991 were calculated at 38 to 40 kg N

ha'! at the low P rate, and 58 to 60 kg N ha· l at the lùgh Prate.

Increases of P uptake from banding urea with P fertilizers indicate

increased P availability. Total P uptake was significantly relateJ to soil

Mehlich-3 P levels in both soils (R2=0.68···, n=72 in Ste. Rosalie soil and

R2=0.63"·, n=72 in Ormstown soil). Added urea also increased root growth at

the 30 kg N ha'! rate when applied with TSP (Fig. 2), wlùch permitted the roots

access to larger soil volumes. Duncan and Ohlrogge (1958) reported a greater

root mass and mure fine silky roots resulted when N was placed in, rather than

separated from the P fuctilizer band.
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Average P efficiencies obtained were from 22.0% to 41.4% in 1990, and

18.8% to 39.5% in 1991. These fertilizer P recovery estimates varied with

banded N and P rates. Increased banded urea with P fertilizers increased

linearly P efficiencies in 1990 and 1991 with high rates of P (90 kg P20 5 ha· l
)

treatments, and quadratically in 1991 with low rates of P (45 kg P20 5 ha'!;

Tables 5 and 6). This indicates that there may be an optimum N:P20 5 ratio

with respect to P efficiency.

S). Plant growtb and grain yield

Among P treatments, banding urea with P improved plant growth and

grain yields. Generally, plants in the urea plus MAPfrSP treatments had

greater root and seedling dry matter yields at early stages in both soils and both

years (Fig.2). Banding urea with P did not affect the stover yield in 1990 in

either soil, nor in the Ormstown soil in 1991. Banded urea with P fertilizer

increased grain yields linearly in the Ste. Rosalie soil and quadratically in

Ormstown soil in both years (Table 7). Both plant growth and P concentration

at the six leaf stage, and grain yield and total P uptake were linearly related to

banded N and P rates for Ste. Rosaliesoil, but were linearly related only to the

P rates on the Ormstown soil in 1991 (Table 3). Effects of banding urea with

P fertilizer on yield were greater in the Ste. Rosalie soil than the Ormstown soil.

In the Ormstown soil, the maximum banded urea rates for grain yield in both

1990 and 1991 were calculated at 33 to 45 kg Nha'! over all P sources and

rates. No interactions were found between banded N rate and P source in 1990,
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and between banded N rate and P rate in 1991.

Banding urea with P fertilizer improved corn development. Corn reached

tasselling and silking stages about five to eight days earlier with urea plus

TSPIMAP compared to treatments with P alone (data not shown). The dry

matter content in grain and dry matter weight per 100 grains were increased

quadratically with increasing rates ofurea banded with P fertilizers (Table 8).

The effect of banding urea with P on hastened maturity if! of practical

importance in corn production in temperate climates.

4). Residual effect in 1991 of P fertilizers banded in 1990

Residual effects of P fertilizer banded in 1990 were found in 1991 with

stover yields, grain yields, and total P uptake in both soils (Table 9). Inclusion

ofurea with P fertilizer bands increased grain yield and P uptake for both soils,

and stover yield in Ormstown Boil. Average P residual efficiencies were 12.0%,

17.0% and 19.0%, respectively, at 0, 30, and 60 kg N ha'! rates of urea banded

with T ;_rtilizers in 1990. This was consistent with the soil Mehlich-3 P

concentrations at the harvest time of 1990, where ad!led urea increased soil

extractable P.

5. CONCLUSIONS

The addition ofurea to acidic phosphates inbanded applications increased

P fertilizer efficiencies and crop yidds by improving fertilizer nutrient

availabilities in acid soils.

Hydrolysis ofurea increased NH. concentration and pH in the soil around
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• the fertilizer band. reduced P precipitation in acid soil or favoured precipitation

as more soluble P compounds. Banding urea with P increased soil extractable

P (Mehlich-3), plant growth and N and P uptake of corn, resulting in higher

fertilizer efficiencies. Banding urea with P fertilizer resulted in a greater

residual effects ofP fertilizers on grain yield and P uptake in the following year.
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Figure 1. The changes of soil extractable P (Mehlich-3) as influenced by

banded urea and P fertilizers in Ste. Rosalie and Ormstown soils. The CK, U1,

and U2 represent the treatments with 0, 30, and 60 kg N ha') of banded urea

rates. AP and TP represent banded monoammonium phosphate and triple

superphosphate. TP1 and TP2 represent the treatment with 45 and 90 kg P30 6

ha') of banded triple superphosphate rates.
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Figure 2. The dry matter weight of corn shoot and roots at six-Ieaf stage

in 1990 and eight leaf-stage in 1991 as affected by banded urea with P

fertilizers in Ste. Rosalie and Ormatown soils. The CK, Ul, and U2 represent

the treatments with 0, 30, and 60 kg N ha'! of banded urea rates. AP and TP

represent banded monoammonium phosphate and triple superphosphate. TP1

and TP2 represent the treatment with 45 and 90 kg P20 6 ha'! ofbanded triple

superphosphate rates.
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Table 1. Selected physicaI and chemicaI properties of the soils

Soil pH clay silt organic Exchangeable cations Soil P§
Series ~O MKCI mattert Ca Mg K Al ECEC:j:

kg-I --- cmol.(+)Ikg soil---- kgP ha-I------ g -----

Ste. RosaIie(1990) 5.0 4.0 568 293 48 9.4 5.4 0.7 0.3 15.8 18
Ste. RosaIie(l991) 5.4 4.1 402 354 ~3 16

Ormstown(1990) 5.0 5.1 368 443 33 14.6 5.0 0.2 0.0 19.8 26
Ormstown(1991) 6.2 5.3 309 419 39 28

t Walkley-Black proœd~ (Nelson and Sommers, 1982)
:j: Sum of exchsDgeable Ca,Mg,K and Al (BaC12 method; Rhoades, 1982).
§ Mehlich No.3 extractant <Mehlich, 1984).
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Table 2. Effect ofbanded phosphorous sources and urea rates on soil pH, nitrate and
ammonium concentration at the six leaf stage in 1990• Ste. Rosalie

pH <140)
Ormstown

••---.- mg kgl ._-

37 1958

31 25~

40 180&

P Source
oPt
MAP
TSP

N rates
kg:N ha' l

o
3u

60
Trend

4.7
4.9
5.0
Q"

26
39
48
L"

56
246
330
L'

k ·1······mg g ••_-

59 200
54 216
57 188

6.3 37 19
6.5 66 222
6.7 66 365
Y" Q' L"...

•

top, MAP, and TSP values are the averag'l of over three N rates.
Values under any Olle N rate are the average over P sources and control treatments.*Means in the some column with different letters are significantly different at the

0.05 level based on Duncan's Multiple Range Test.
• , and •• indicate significant at 0.05 and 0.01 probability levels, respeetively.

145



• Tabll< 3. Regressions relating com plant dry matter, stover and grain yield,
phosphorous concentration, and soil Mehlich-3 extractable phosphorus to banded
nitrogen and phosphorous rlltes at the eight-leaf stage and at harvest for Ste.
Rosalie and Ormstown soils in 1991

Sources Intercept N rate coefficient P rate coefficient R"
Ste, Rosalie Eight leaf stage

P concentration(g kg') 26.5'''t 0.081" 0.12'" 0.70'"

Dry matter(g) 0.85' 0.0061" 0.026" 0.61'"

Soil extractable P (mg kg") 14.25'" 0.087" 0.278'" 0.63'"

Harvest

Stover yield(kg ha") 4910'" 15.25 26.57'" 0.52'"

Grain yield(kg ha") 7180'" 1M2' 20.46'" 0.65'"

Total P uptake(kg ha") 16.69'" 0.052" 0.099'" 0.79'"

Ormstown Eight leaf stage

P concentration(g kg") 34.1'" 0.032 0.061'" 0.46'"

Dry matter(g) 1.14'" 0.0012 0.0l.6'" 0.51'''

Soil extractable P (mg kg") 13.71" 0.264' 0.51'" 0.68'"

Harvest

Stover yield(kg ha") 8065'" 4.43 14.22' 0.25'

Grain yield(kg ha") 9286'" 6.08 11.71'" 0.40"

Total P uptake(kg ha-Il 26.4'" 0.051' 0.12'" 0.69'"

t ., •• and ••• indicate significant at 0.05, 0.01 and 0.001 probability levels by F test,
respectively.
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• Table 4. Effects of banded phosphorous sources and urea rates (1990), and banded
triple superphosphate (TSP) rates and urea rates on phosphorous concentration
of corn plant at different growth stages

P concentration in plant tissue
Treatment Ste. Rosalie Ormstown

6·leaf 9·leaf silking 6·leaf 9·leaf silking
1990 P Source

oPt
MAP
TSP

Nrates
kgN ha-'

o
30
60

Trend
1991 P rates

kg P20 6 ha-I

o
45
90

Trend
N rates
kgN ha-'

o
3C
60

Trond

••••••••••- ••---.----.-. g P kg-' DM -.----•••-.--.-•••
3.2c; 1.9c 2.3s 3.2c 2.9s 3.5s

4.90\ 2.80\ 2.70\ 5.80\ 3.30\ 3.80\
4.5s 2.5s 2.70\ 5.3s 3.30\ 3.90\

3.9 2.3 2.4 4.6 3.0 3.6
4.5 2.5 2.6 4.9 3.2 3.7
4.2 2.4 2.7 4.9 3.3 3.8
Q' NS LOO NS L' L'

8·leaf silking 8·leaf silking

3.1 1.5 4.2 2.4
3.8 1.8 4.6 2.6
4.2 1.9 4.9 2.7
LOO Q" LOO Q"

3.4 1.6 4.4 2.5
3.8 1.7 4.7 2.6
3.9 1.8 4.6 2.6
Q" L' Q' NS

•

top, MAP, and TSP values are the average ofover three N rates. Values under any
one N rate are the average over P sources and control(1990) or P rates (1991)
treatments. Vallles under any one P rate are the average over three N rates.
; Means in 1990 in the same column with different lettera are significantly different

at the 0.05 level based on Duncan's Multiple Range Test.
NS, *, and ** indicate not significant, significant at 0.05 and 0.01 probability levels,

respectively.
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• Table 5. Effects ofbanded phosphorous sources and urea rates on phosphorous
and nitrogen uptake and phosphorous efliciency with <:orn in 1990.

Ste. Rosalie Ormstown
Treatmeats

1990 P Source
oPt
MAP
TSP

N rates
kgN ha·1

o
30
60

Trend

N P P N P P
uptake uptake efficiency uptake uptake efficiency

_____ kg ha'1 _••-- - %- _____ kg ha'1 -'-- • %.

158
8* 26.88 1808 31.68

20gA 39.5A 32.1 211A 42.7A 27.4
20gA 39.1A 30.3 211A 42.1A 26.0

176 31.3 22.0 185 35.1 24.3
188 34.8 31.1 207 38.9 14.6
203 39.4 40.6 207 42.3 41.4
L" L" L" Q" L" L'

•

top, MAP, and TSP values are the average ofover three N rates.
Values under any one N rate are the average over P sources and control(1990).*Means in the same column with different lettero are significantly different at the

0.05 level based on Duncan's Multiple Range Test.
*, and ** indicate significant at 0.05 and 0.01 probability levels, respectively.
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• Table 6. Effect ofbanding urea with phosphorous fertilizer on phosphorous uptake and
phosphorous efficiency by corn in 1991.

PRate Rate ofUrea·N banded kg ha·1

kg P.05 ha·1
0 60 Trend

Ste, Rosalie

Total P 0 17.5 17.f.. 18.6 NB

Uptake 45 21.7 24.2 23.9 Q'

kg ha·1 24.1 25.9 30.3 L"
Trend L" L" L"

P efficiency 45 21.0 33.4 26.2 Q'

% 90 16.6 21.0 29.1 L"
Ormstown

Total P .0 27.1 28.2 26.3 NB

Uptake 45 32.7 36.1 35.2 Q'

kg ha·1 33.7 39.0 40.9 Q"

Trend Q" L' L"
P efficiency 45 27.8 39.5 44.9 Q'

% 90 16.4 27.0 36.0 L"

*. ** indicate significant at 0.05 and 0.01 probability levels.
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• Table 7. Effect oCbanded phosphorous sources and urea rates in 1990; banded triple
superphosphate (TSP) rates and urea rates in 1991 on stayer and grain yields
oCcom

Ste. Rosalie Ormstawn
Treatment

stayer yield grain yield stayer yield grain yield

1990 P Source ••••••_•••• Mg ha" ••.•••••.•. ••_•••••••• Mg ha" ••.••••••..

oPt 6.4~ 7.88 11.0 8.68

MAP 8.6A 9.6A 11.9 10.QA
TSP 8.QA 9.8A 11.4 9.9A

N rates
kgNha"

0 7.5 8.8 10.9 9.1
30 7.4 9.1 11.9 9.7
60 8.1 9.4 11.5 9.7

Trend NS L' NS Q'

1991 P rates
kg P20 5 ha"

0 5.4 7.4 8.0 9.4
45 6.6 8.6 9.3 10.2
90 7.7 9.2 9.2 10.4

Trend Q" Q" Q" Q"
N rates

kgN ha"
0 6.3 8.0 8.5 9.7
30 6.1 8.5 9.2 11.2
60 7.2 8.7 8.8 10.1

Trend L' L' NS Q'

top, MAP, and TSP values are the average oC over three N rates.
Values under any one N rate are the average over P sources and control(1990) or P

rates (1991) treatments. Values under any one P rate are the average over three N
rates.
:j: Means in 1990 in the same column with different lettera are significanUy different

at the 0.05 level based on Duncan's Multiple Range Test.
NS, •• and •• indicate not significant, significant at 0.05 and 0.01 probability levels,

respectively.
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• Table 8. Effects of banded phosphorous sources and urea rates on
grain weight and dry matter content on Ste. Rosalie soil in 1990.

Treatment grain weight dry matter content
in grain

P Source g 100'! grains g kg'

oPt 4.96
8* 2338

MAP 8.31A 417A

TSP 9.08A 390"

N rates
kg Nha'!

0 6.53 310

30 8.35 355

60 7.48 375

Trend Q. Q.

•

•

top, MAP, and TSP values are the average of over three N rates.
Values under any one N rate are the average over P sources and
control treatments.*Means in the same column with different letters are significantly
different at the 0.05 level based on Duncan's Multiple Range Test.
• indicate significant at 0.05 probability leveL
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Table 9. Effect ofbanded phosphorous sources and urea rates in 1990 on phosphorous
uptakes, phosphoroUH residual efficiency by corn and staver and grain yield of
corn in 1991.

Ste. Rosalie Onnstown

staver grain P P effi- staver grain P P cm-
yield yield uptake ciency yield yield uptake ciency

P Source ~{ h ·1 kg ha" % --- Mg ha" --- kg ha" %---_. 66 a·····

oPt 5.98:1: 7.48 15.00 8.48 8.58 22.9

MAP 6.8A 8.1A 19.oA 9.9 9.3A 9.5A 23.5 18.1

TSP 6.8A 8.3A 19.7A 11.6 9.3A 9.3A 24.3 13.9

N rates
kg Nha"

0 6.7 7.7 16.5 10.5 8.5 8.8 24.6 12.0

30 6.5 7.9 17.9 9.5 9.1 9.2 27.8 17.0

60 6.3 8.2 19.3 12.4 9.4 9.3 29.1 19.0

Trend NS L' L' NS J: L' Loo Q'

top, MAP, and TSP values are the average of over three N rates.
Values under any one N rate are the average over P sources and control treatments.*Means in the sarne column with different lettera are significantly different at the 0.05

level based on Duncan's Multiple Range Test.
NS, *, and ** indicate not significant, significant at 0.05 and 0.01 probability levels,

respectively.
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CHAPTERVII

SUMMARY OF RESULTS AND GENERAL CONCLUSIONS
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Ammonia volatilization is a significant mechanism of N loss when urea

and urea plus DAP mixtures are surface applied to acid soils, because of the

high pH in soil-fertilizer microsites from urea hydrolysis and DAP dissolution.

Adding acidic phosphates such as TSP and MAP to urea reduced pH in soil

fertilizer microsites "and retarded urea hydrolysis. Therefore, the total NHaloss

and maximum daily rates of NHa loss were reduced and the time of maximum

NHa loss rates were delayed by applying TSP or MAP with urea on both Ste.

Rosalie and Ormstown soils. Ammonia loss decreased as P20 6 : urea-N ratios

incrcased. Soil NH.- and NOs-N concentrations were increased. It is suggested

that applying mixtures of acidic phosphate fertilizer with urea can increase the

efficiency of surface-applied urea fertilizer.

The interaction of urea with P in soil-fertilizer microsites also atrects P

sorption, transformation, movement and availability to crops. Based on the

results of the P sorption experiment, adding urea to P fertilizer increased soil

pH, but had variable effects on soil P sorption characteristics, depending on soil

and electrolyte. Phosphate sorption increased, and P concentration in solution

decreased with increasing urea and pH when using CaC~ as the electrolyte.

Added urea and pH increase had little effect on soil P sorption when KCl was

used as the electrolyte, indicating that the urea effect on P sorption was

influenced by soil solution Ca concentration. The effect of urea on reducing P

concentration in solution was not significant at P rates below 320 mg P kg'} soil.

The observed increase in P sorption and decrease in solution P with added urea
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• was probably related to precipitation of Ca·P compounds and the shift from

~POil to HPO/ at higher pH values. However, it was found in subsequent

P fractionation experiments that urea application increased 0.5 M NaHCOs

extractable P and reduced non-extractable P in both soils. In an incubation

experiment studying urea and phosphate movement and their reactions in soil

during the diffusion from fertilizer band into soils, it was contirmed that the

acidification from TSP retarded the rate of urea hydrolysis in both fertilizer

bands and soillayet;! into which urea diffused. This curtailed the rise in pH of

the soil surrounding fertilizer bands. Banding of urea with TSP caused

dissolution oforganic matter in soils, and increased sorbed P concentrations and

total amounts of P diffused iIito soils.

The effect ofure& on P movement was found to he greater in Ste. Rosalie

than in Ormstown soils, though the P diffusion rate was greater in Ormstown

soil. This might be due to the higher organic matter content and lower initial

pH in the Ste. Rosalie soil, and higher initial pH and exchangeable Ca

concentration in the Ormstown soil. Tb€' qffect ofurea on P concentration in soil

solutions during diffusion varied with methods of extraction or electrolyte.

Adding urea decreased P concentration in 0.01 M CaC~ extraction after 10 days

ofdiffusion. However, it increased the P concentration in soilsolution sampled

with filter papers or with 1 M KCl extractions in both soils. These results

indicate that precipitation of calcium phosphates might have occurred at high

pH values when CaC~ was used as electrolyte or in soils with higher
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• exchangeable Ca concentrations.

The results obtained in the two years' field experiments conducted in the

Ste. Rosalie and Ormstown soil supported the supposition that the interaction

of urea and phosphate mixtures can increase fertilizer effieiency and crop yield

by improving fertilizer nutrients availability in aeid soils. The results

demonstrated that banding suitable rate of urea with TSP or MAP (about

N:P20 6 ratio of 1:1.5 to 3) increased soil extractable P (Mehlich-3), N and P

nutrient uptake, plant growth and development in aeid Quebec soils. Greater

P fertilizer effieieneies and higher yields were achieved by banding urea with

aeidic P fertilizers to aeid soils, and the increase was greater in the Ste. Rosalie

soil than in Ormstown soil. Greater residual effect ofP fertilizer was also found

on grain yield and P uptake in the second year following fertilization.

Therefore, banding applications of mixtures of urea with aeidic P fertilizers

such as TSP or MAP (when banding urea-N is limited under 60 kg Nha'!) can

be considered as a good technique for increasing both crop yield and fertilizer

effieiency in aeid Quebec soils, and also for minimizing environmental pollution

through NH3 volatilization.

SUGGESTIONS FOR FUTURE WORK

1. One of the major problems of banding application of urea is the

toxieity to seed germination and root growth ofseedIings. In the light ofthe faet

that aeidic P fertilizer could retard urea hydrolysis and reduce the pH increase

from urea hydrolysis, the NH3 concentration and toxieity to seed germination
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and root growth should be reduced. Future research should study the effect of

acidic P fertilizers on the toxicity to seed germination and root growth from urea

in the soils with diff"rent acidity and buffering capacities. This is important for

designing suitable fertilizer recommendations ofbanding ratios for urea-N and

P20 5•

2. Adding acidic phosphates such as TSP and MAP to urea reduced NH3

lOBS from urea on both Ste. Rosalie and Ormstown soils and suggested that

applying mixtures of acidic phosphate fertilizer with urea had potential to

increaBe the efficiency ofsurface-applied urea fertilizer. Future research should

study the possibility of producing urea plus acidic P fertilizer granules and

evaluating their effect on N efficiency under field conditions where surface

application of urea is the only way of fertilization.

3. pH eft'ects on P sorption and movement are influenced by soil mineral

composition, especially Fe and Al oxides and CaC03 content, soil clay and

organic matter contents. The major effect of the interaction between urea and

TSP in soil-fertilizer microsites was found on pH changes in soil-fertilizer

microsites. Therefore, future studies should employa greater variety of soils

varying in Boil mineralogy, soil texture and organic matter content.
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Figure 1. ElTect of P20 5 : N ratio in the mixtures of triple

superphosphate(TSP), or monoammonium phosphate (MAP) with urea on NHa loss

from Ste Rosalie and Ormstown soils at a two rates of total urea plus phosphate N

in the t'irst experiment.
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Figure 2. EfTect of P20 u : urea-N ratio in the mixtures of triple

superphosphate(TSP), monoammonium phosphate (MAP), or diammonium phosphate

(DAP) with urea on NH3 loss from Ste Rosalie and Ormstown soils in the second

experiment at the application rate of 0.5 g urea-N kg· l •
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Figure 3. Effect of urea and/or triple superphosphate on P concentration

extracted by 0.5 M H~04 from soi1layers with distance from fertilizer layer aRer five

and ten days on the Ste Rosalie CA and B) and the Ormstown Boil CC and D).
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• Table 1. Parameters(A,B) and correlation coefficient (R') of the exponentin\ equntion
re\ating cumulative NH, 1055 ta time for. Ste Rosn1ie nnd Ormstowll soils.

Treatment PnrnmeterR R' PnrnmeterR R'

Urea T·Nt TSP MAP DAP A B A li

•. N •• ... P,O, ...

••..•.. glkg ....... ..... SIe Rosalie ..... . ...... OrmRtown .......

2.0 2.0 0 0 0 0.580 0.232 0.72 0.164 0.105 0.068

2.0 2.0 1.0 0 0 0.110 0.289 0.81 0.113 0.245 0.83

2.0 2.0 2.0 0 0 0.058 0.224 0.91 0.092 0.243 0.80

2.0 2.0 4.0 0 0 0.049 0.295 0.81 0.057 0.252 0.84

1.8 2.0 0 1.0 0 0.127 0.291 0.77 0.140 0.246 0.84

1.6 2.0 0 2.0 0 0.094 0.295 0.81 0.113 0.245 0.81

1.2 2.0 0 4.0 0 0.056 0.301 0.81 0.082 0.238 0.75

1.6 2.0 0 0 1.0 4.26 0.118 0.79 5.53 0.102 0.59

1.2 2.0 {\ 0 2.0 7.26 0.091 0.66 7.33 0.088 0.58

0.4 2.0 0 0 4.0 9.28 0.073 0.63 10.2 0.057 0.64

0.5 0.5 0 0 0 0.058 0.125 0,46 0.046 0.108 0.07

0.5 0.5 0.5 0 0 0.044 0.158 0.66 0.035 0.221 0.73

0.5 0.5 1.0 0 0 0.023 0.146 0.65 0.016 0.225 0.76

004 0.5 0 0.5 0 0.053 0.162 0.69 0.029 0.215 0.75

0.3 0.5 0 1.0 0 0.032 0.145 0.69 0.026 0.115 0.61

0.3 0.5 0 0 0.5 1.13 0.089 0.61 1.18 0.076 0.68

t. T·N = Totol amount of N application.

The daily cumulalive NB" lasses for each sail (Table 1) were fitted la n eXJlonenlin\
model which described a sigmoidal curve conslrained ta go lhrough the origin. This curve had
the equation:

Y=Ae 'll

where Y = cumulative NH" volatilized as mg N/jnr, 1 = lime in days, A, B = equalion constants.
The high values of the coefficient of determination (R') for each equation indicate that

the model was a go~d fit for the experimental data for each sail. The constants (A) increased
with increasing of urea and DAP rates; and decrensed with increasing ofTSP and MAP rates.

•



• Table 2. NH3 volatilization from urea·phosphate mixtures with
incrcasing amount of added P at constant total N rates

Urea T·Nt

.... N ....

Treatment

TSP MAP DAP

...... P2()" ••••••

NH3 Loss

Soils

Ste Rosalie ()rmstown

••••• % applied N .

4.7 9.8

1.8 4.9

1.0 2.4

2.4 3.8

1.2 0.4

5.6 9.4

..••.•••.•• glltg •.•..••.••

0.5 0.5 0 0 0

0.5 0.5 0.5 0 0

0.5 0.5 1.0 0 0

0.4 0.5 0 0.5 0

0.3 0.5 0 1.0 0

0.3 0.5 0 0 0.5

Prate

Source

Prate * Source

P rate Lin. in TSP

Prate Quad. in TSP

P rate Lin. In MAP

Prate Quad. in MAP

t. T·N =Total amount ofN application.

**
**
**
NS

**
**
NS

**
**

**
**
NS

**
NS



• Table 3. Effect ofP source and rate on the maximum NBs vo\atilization
rate CRmax) and time to reach RmaxCTmax) at 0.5 g NIk~ soil
application rate

Treatment Ste Rosalie Ormstown

Urea-N T-Nt TSP ~~P DAP Rmax Tmax Rmax Tmax

---- N ---- P:O~

•

---------- g/kg --------- N mg/jar/d day N mg/jar/d day

0.5 0.5 0 0 0 0.32 7 0.59 7

0.5 0.5 0.5 0 0 0.14 9 0.21 12

0.5 0.5 1.0 0 0 0.04 9 0.11 12

0.4 0.5 0 0.5 0 0.14 8 0.19 12

0.3 0.5 0 1.0 0 0.05 8 0.04 8

0.3 0.5 0 0 0.5 0.26,0.3* l, St 0.58,0.46 l, 6

LSD 0.05 0.06 2 0.08 0,

C.V. 28.7 17 .3 35.9 23.2

t T-N = Total amount ofN application.
t The lirst number represents the lirst peak and the second represents the second peak
of NB, volatilization.



• Table 4. Effect of P source and rate on the maximum NH3 volatilization rate(Rmax) and time
ta reach.Rmax(Tmax) at 2.0 g Nlkg soil application rate

Treatment Ste Rosalie Ormstown

Urea-N T-Nt TSP MAP DAP Rmax Tmax Rmax Tmax

---- N

---------- g/kg --------- N mg/jar/d day N mg/jar/d day

2.0 2.0 0 0 0 4.4 8 4.5 6

2.0 2.0 1.0 0 0 1.8 14 1.8 14

2.0 2.0 2.0 0 0 1.3 16 1.3 16

2.0 2.0 4.0 0 0 1.1 16 1.1 16

1.8 2.0 0 1.0 0 2.1 14 1.9 15

1.6 2.0 0 2.0 0 1.8 14 1.9 16

1.2 2.0 0 4.0 0 1.2 16 1.5 16

1.6 2.0 0 0 1.0 1. 2, 4.1* l, 4* 1. 4, 4.7 l, 4

1.2 2.0 0 0 2.0 1. 6, 4.0 l, 4 2.1, 5.0 l, 4

0.4 2.0 0 0 4.0 2.0, 3.4 l, 4 4.9, 4.3 l, 5

LSD 0.05 0.4 2 0.5 2

C.V. 33.5 18.5 23.6 .27.3

t T·N = Total amount ofN application.
t The first number represents the first peak and the second represents the second peak
of NH3 volatilization.



• Table 5. Effect ofP source and rate on the maximum NH3 volatilization rate (Rmax) and time
to reach Rmax(Tmax) at 0.5 g urea.N/kg soil application rate

Treatment Ste Rosalie Ormstown

Urea-N T-Nt TSP MAP DAP

---- N

Rrnax Tmax Rmax Tmax

---------- g/kg --------- N mg/jar/d day N mg/jar/d day

0.5 0.5 0 0 0 0.32 7 0.59 7

0.5 0.5 0.5 0 0 0.14 9 0.21 12

0.5 0.5 1.0 0 0 0.04 9 0.11 12

0.5 0.6 0 0.5 0 0.17 12 0.24 12

0.5 0.7 0 1.0 0 0.08 12 0.20 14

0.5 0.7 0 0 0.5 0.54,1.3* 1, H 0.6, 1.4 l, 4

0.5 0.9 0 0 1.0 1. 0, 1.3 l, 4 1. 3, 1.9 l, 3

LSD 0.05 0.1 2 0.1 2

C.V. 31.5 26.7 36.8 23.7

t T·N = Total amount of N application.
t The first number represents the first peak and the second represents the second peak
of NH3 volatilization.



• Table 6 Regression equations between sorbed P (Y; mg P/kg soil) and
equilibrium P concentration (X; mg PIL) for two eastern Canadian soils

Soil Treatment

urea-N mg/kg

Reqression

Equations

R'

0.01 M CaC1, as e1ectro1yte ---

Ste Rosalie 0 Y = 91.3 + 20.11X - 0.48X' 0.97

250 Y = 96.8 + 30.47X - 0.88X' 0.95

500 Y 97.1 + 55.15X - 2.21X' 0.96

1000 Y 90.4 + 94.23X - 5.35X' 0.97

Ormstown o

250

500

1000

y = 107.3 + 15.55X - 0.33X'

y = 106.9 + 26.26X - 0.72X'

y • 103.5 + 49.19X - 1.83X'

y a 85.9 + 91.22X - 4.83x'

0.91

0.93

0.95

0.98

0.03 M KC1 as electrolyte

Ste Rosalie 0 Y 57.9 + 24.35X - 0.56X' 0.89

250 Y a 6.2.3 + 24.19X - 0.57X' 0.89

500 Y a 70.3 + 30.36X - 0.84X' 0.88

1000 Y = 72.2 + 29.95x - 0.87X' 0.87

•

Qrmstown o

250

500

1000

y a 55.6 + 26.87X - 0.65X'

y a 56.0 + 29.48x - 0.76X'

Y· 53.1 + 35.41X - 0.99X'

Y· 43.7 + 47.21X - 1.46X'

0.92

0.90

0.94

0.96



• Table 7. Effect of Vrea on Ca and P concentration in solution and the
significances of the F test for thr analysis of variance (Cl.03 M KCl as
electrolyte, 25 ml/2 g soil)

P potential Lime potential

Soil pCa pH,PO,+O. SpCa pH-O.SpCa'

•

Ste Rosalie soil

N 00 00 00 H

Lin. 00 00 00 *0

Qua. 0* 0* 0* *

P 00 H 00 **

Lin. ** 00 *0 *0

Qua. 00 NS 0* NS

N°P 0* NS 00 **

Ormstown soi1

N 0* *0 00 00

Lin. 0* 0* 0* *0

Qua. ** 00 *0 *

P •• o. 00 0*

Lin. .. .. 00 0*

Qua. .. NS 00 NS

N*P *0 NS 00 0*

*,** significant at 0.05 and 0.01 probability level respectively.
+ PH.PO. and pea are the negative logarithm of H.PO.. and Ca++ ion activities.



• Table 8 Correlation coefficients between phosphorus potential and lime
potential for two eastern Canadian soils

Treatment

urea-N mg/kg

o
250

500

1000

Ste Roaslie

0.29

0.66

0.91

0.81

R'

Ormstown

0.88

0.90

0.87

0.99



• Table 9. Analysis ofvariances for phosphorus and nitrogen diffusion and
transformation in five days in Ormstown soil

Source DF Urea NH.-N PI-FP PIe.CI2 TPIe.C12 Ps T-P
glkg glkg M M mg/set mg/set mg/set

R 1 nst ns ns ns ns ns ns

N 2 •• •• ns ns ns • ns

P 2 •• •• •• •• •• •• ••
D 8 •• •• •• •• •• •• ••

N·P 4 •• •• ns ns ns • ns

N·P·D 29 •• •• •• ns ns ns ns .,
C.V.% 16.5 41.6 22.6 46.5 50.3 71.7 53.4

N Effect 0 0'; 0.0' 0.45 0.36 140 50 191

100 19.1b 1.5b 0.39 0.33 117 49 166

200 43.5' 0.9' 0.38 0.31 128 62 190

P Effect 0 22.5 2.0' 0' 0' 0' 0' 0'

100 23.7 0.5b 0.43b 0.32b 84b 55b 138b

200 21.4 O.4b 0.72' 0.60' 271' 96' 366'

t •• and • indicate significant at P<O.Ol and 0.05 level by the Duncan test; ns indicates not
significant at P<0.05 level.
; Different letters in each column indicates a difference between treatments by Duncan test at

0.05 significance level; absence of letters indicates no difference.



.,

• Table 10. Analysis ofvariances for phosphorus and nitrogen diffusion and
transformation in ten days in Ormstown soil

Source DF Urea NH,·N PI·FP Pleac12 TPlc,cl2 Ps T·P
g1kg g1kg M M mg/set mg/set mg/set

R 1 nst ns ns ns ns ns ns

N 2 •• •• •• • •• •• •
P 2 •• •• •• •• •• •• ••
D 8 •• •• •• •• •• •• ••

N·P 4 •• •• • ns ns •• •
N·P·D 29 • • ns • • •• •
C.V.% 42.6 26.8 37.8 95.4 85.5 23.1 42.4

N Effect 0 0'* 0' 0.35b 0.35' 135' 102' 226'

100 6.1b 7.5' 0.39b 0.23b 74b 88b 161b

200 414.7' 6.5b 0.45' 0.27b 78b 90b 180"

P Effect 0 4.2' 7.3' 0' 0' 0' 0' 0'

100 7.8b 3.2' 0.37b 0.21b 47b 100" 146b

200 9.4' 5.4b 0.68' 0.54' 204' 153' 356'

t .. and • indicate significant at P<O.Ol and 0.05 level by the Duncan test; ns indicates not
significant at P<0.05 level.
* Different letters in each column indicates a difference between treatments by Duncan test at

0.05 significance level; absence ofletters indicates no difference.

.,

•



• Table 11. Analysis ofvariances for phosphorus and nitrogen diffusion and
transformation in five days in Ste Rosalie soil

Source DF Urea NB,·N PHe,c12 Plc,ci2 PI·FP Ps T·P
M M 20:1 M M M M

R 1 nst ns ns ns ns ns ns

N 2 •• •• •• •• ns • ••
P 2 •• •• •• •• •• •• ••
D 8 •• •• •• •• •• •• ••

N·P 4 ns •• •• •• ns •• •
N·P·D 29 •• •• •• •• •• •• ••
C.V.% 12.0 15.5 3.9 7.2 27.8 9.1 22.0

N Effect 0 0'* 0.0' 4.5' 0.48 0.25 0.44' 0.92'

100 0.18b 0.28b 6.7b 0.45 0.23 0.39b 0.84b

200 0.42' 0.25" 6.9' 0.45 0.24 0.38b 0.83b

P Effect 0 0.22 0.14' 7.8' 0' 0.01' 0.01' 0.01'

100 0.21 0.13b 5.8b 0.41b 0.28b 0.52b 0.92b

200 0.20 0.26b 5.3' 0.83' 0.40' 0.56' 1.39', ,

t •• and • indicate significant at P<O.Ol and 0.05 level by F test;
ns indicates not significant at P<0.05 level.

* Different letters in each column indicates a difference between treatments by Duncan test at
0.05 significance level; absence of letters indicates no difference.



• Table 12. Analysis ofvariances for phosphorus and nitrogen diffusion and
transformation in ten days in Ste Rosalie soil

Source OF Urea NH.-N pHe'CI2 PIc.C12 PI-FP Ps T-P
M M 20:1 M M M M

R 1 nst ns ns ns ns ns ns

N 2 00 00 00 00 00 0 00

P 2 o. 00 00 00 00 00 .. .,

0 8 00 00 00 00 00 00 00

N°P 4 00 00 00 0 0 00 00

N°poO 29 00 00 00 00 00 00 00

C.V.% 16.4 7.5 3.1 23.1 31.3 18.1 13.1

N Effect 0 D'; 0.0' 5.0' 0.39' O.lSb 0.35 0.74'

100 0.07b 0.38b 7.1b 0.29b 0.18b 0.33 0.61b

200 0.2' 0.40' 7.4' 0.29b 0.22' 0.32 0.61b

P Effect 0 0.09 0.33' 7.3' 0' 0' 0.01' 0.01'

100 0.11 0.33b 6.5b 0.29b O.lSb O.44b 0.73b

200 0.10 0.23b 6.1' 0.57' 0.37' 0.49' 1.04'

t 00 and 0 indicate significant at P<O.Ol and 0.05 level by F test; ns indicates not significant
at P<0.05 level.
:j: Different letters in each column indicates a difference between treatments by Ouncan test at

0.05 significance level; absence ofletters indicates no difference.

• •



• Table 13. Analysis ofvariances for phosphorus and nitrogen diffusion and
transformation in twenty days in Ste Rosalie soil

Source DF Urea NH.-N PRe'CI. Plc•cl2 Pl·FP Ps T·P
M M 20:1 M M M M

R 1 nst ns ns ns ns ns ns

N 2 •• .. •• • ns ns ns

P 2 •• •• ns •• •• •• ••
D S •• •• •• •• •• •• ••

N'P 4 •• •• • ns ns ns ••
N'P'D 29 •• •• • •• •• .. ••
C.V.% 4.4 9.4 5.7 55.7 32.5 2l.3 24.S

N Effect 0 O':j: 0.0' 4.7b 0.29' Ob 0.59' O.SS'

100 0.015b 0.5b 7.2' 0.15b 0.23' O.4lb 0.56b

200 0.10' 0.7" 7.3' O.lSb 0.26' 0.40b 0.59b

P Effect 0 0.049 0.37b 7.4' 0' 0' 0.01' 0.01'

100 0.04 0.51' 6.4b 0.13b 0.23b 0.55b 0.67b

200 0.044 O.4S' 6.3b 0.39' 0.51' 0.63' l.Ol'

t •• and • indicate significant at P<O.Ol and 0.05 level by F test; ns indicates not significant
at P<0.05 levaI.
:j: Different letters in each column indicates a difference between treatments by Duncan test at

0.05 significance level; absence of \etters indicates no difference.

. ,



• Table 14. The cumulated amowlt ofP that diffused from the fertilizer layer ta
soil at different distance in ten days in Ste Rosalie soil

Treatment Total cumulated P at
distance from fertilizer layer(mm)

N P 0 2.5 7.5 12.5 17.5 22.5

kg ha'i mgP

0 100 1036 301 73 6.3 0 0

100 100 902 468 96 18.2 1.0 0

200 100 981 409 160 43 1.9 0

0 200 1582 506 104 11.5 0.65 0

100 200 1699 694 166 31 5.1 0

200 200 1813 726 292 109 5.9 0

N effect nst + * ** ~*

Lin. ns + ns ** **

Quad. ns * ** ** **

P effect ** ** ** ** **

Lin. ** ** ** ** **

Quad. ** ** ** ns ns

N*P ns ns ns ns ns

C.V. % 18.2 16.4 15.9 27.5 72.2

t +. * and ** indicate significant at P<O.l. 0.05 and 0.011evel. respectively;
ns indicates not significant at P<0.05 level by contrast test. ..



• Table 15. The cumulated amount of P that diffused from the fertilizer
layer to soil at different distance in twenty days in Ste Rosalie soil

Treatment Total cumulated P at
distance from fertilizer layer(mm)

N P 0 2.5 7.5 12.5 17.5 22.5

kg ha'! mgP

0 100 1338 441 139 18.9 0.9 0.3

100 100 1188 509 181 50.0 4.3 1.8

200 100 1273 566 262 112 13.0 2.7

0 200 2447 941 347 101 10.5 1.9

100 200 2452 788 340 124 27.1 6.2

200 200 2604 1262 452 175 44.6 8.0

N effect nst ** * * *
..

ns

Lin. ns ns ns * * *

Quad. ns ns ** * ns ns

• P effect ** ** ** ** ** **

Lin. ** ** ** ** ** *

Quad. ns ns ** ** ** **

N*P ns ns ** ns ns ns

C.V. % 27.2 23.5 8.3 10.8 32.7 48.1

t ns indicates not significant at P<0.05 level;
*, and ** indicate significant at P<0.05; 0.0 llevel by contrast, respectively.



• Table 16. The cumulated amount of P that diffused from the fertilizer
layer to sail at different distance in ten days in Ormstown sail

Treatment Total cumulated P at . ,
distance from fertilizer layer(mm)

N P 0 2.5 7.5 12.5 17.5 22.5

kg/ha mgP

0 100 878 468 226 78 18.2 4.6

100 100 1077 525 278 102 31 4.3

200 100 1123 518 242 106 33.7 9.0

0 200 2143 1023 544 274 98.2 35

100 200 1869 1023 572 295 117 38

200 200 1773 936 411 171 50 13.3

N effect nat na na na ns *

Lin. na na na na na *

Quad. na na na na na na

P effect ** ** ** ** ** **

Lin. ** ** ** ** ** **

Quad. na na na na na **

N*P na na na na na na

C.V. % 34.6 21.3 10.9 11.7 6.8 33.2

t na indicatea not aignificant at P<0.05 level;
*, and ** indicate aignificant at P<0.05, 0.Q1Ievel, reapectively by contraat.

, ,



• Table 17. The cumulated amount of P that diffused from the fertilizer
layer to soil at different distance in twenty days in Ormstown soil

Treatment Total cumulated P at
distance from fertilizer layer(mm)

N P 0 2.5 7.5 12.5 17.5 22.5

kglha mgP

0 100 1228 756 451 252 118 52

100 100 1192 714 422 208 86 41

200 100 1243 719 440 237 118 53

0 200 2371 1497 878 488 242 99

100 200 2171 1337 758 385 200 81

200 200 2357 1526 972 580 301 127

N effect nst ns ns ns ns ns

Lin. ns ns ns na na na

Quad. na na na na na na

P effect ** ** ** ** ** **

Lin. ** ** ** ** ** **

Quad. na na na na na **

N*P ns na na na na na ..
C.V. % 12.6 9.8 15.9 27.0 14.1 10.4

t ns indicates not significant at P<0.05 level;
*, and ** indicate significant at P<0.05. O.Ollevel. reapectively by contraat.



• Table 18. The main effect ofbanded P sources and urea·N rates (1990); Banded
TSP·P rates and urea·N rates on P content of corn plant in different
growth stages.

Main P content in plant tissue
effect

Ste Rosalie Ormstown

6·leaf 9·leaf silking 6·leaf 9·leaf silking

1990 ••..•.•••.••...•••...•••••••••-. glkg DM --_•••_ •••••••••••••••_••••

P Source OP" 3.2c:j: 1.9c 2.38 3.2c 2.98 3.58

M~·:· 'lA 2.8A 2.7A 5.8A 3.3A 3.8A

TSP 2.58 2.7A 5.38 3.3A 3.9A

N Rates NO il" 2.3 2.4 4.6 3.0 3.6.u

N30 4.5 2.5 2.6 4.9 3.2 3.7

N60 4.2 2.4 2.7 4.9 3.3 3.8

Trend Q' NS L" NS L' L'

1991

P Rates TSPO 3.1 1.5 4.2 2.4

TSP45 3.8 1.8 4.6 2.6

TSP90 4.2 1.9 4.9 2.7

Trend LOO Q" LOO Q"
N rates NO 3.4 1.6 4.4 2.5

N30 3.8 1.7 4.7 2.6

N60 3.9 1.8 4.6 2.6

Trend Q" L' Q' NS

•

top, MAP, and TSP indicate the average of four replications and three N rates
banded with no P, MAP, and TSP, respectively.

NO, N30, and N60 indicatc the average offour replications and three P sources (1990)
or P rales (1991) banded with no urea, 30 kg Nlha, and 60 kg Nlha urea, respectively.

TSPO, TSP45, and TSP90 indicate the average of four replications and three N rates
banded with no TSP, 45 kg P20Jha, and 90 kg P20Jha TSP, respectively.
:j: Means in the same column with different letters are significantly different at the

0.05 level bascd on Duncan's Multiple Range Test. NS, *, and ** indicate no
significant, significant at 0.05 and 0.01 probability levels in Contrast, respectively.



• Table 19. Regressions relating plant dry matter,P content, and P uptake to soil
Mehlich-3 extractable P at 6·leaf and silking stage for Ste Rosalie and
Ormstown soil

Sources Intercept Soil P coefficient R2

(mg kg")

6-leaf stage (Ste Rosalie)

shoot P content(%) 3.388"'t 0.006'" 0.43'"

P uptake(mg plant") 1.574'" 0.013'" 0.68'"

dry matter(g plant") 4.596'" 0.022'" 0.67'"

(Ormstown)

shoot P content(%) 3.420'" 0.015'" 0.46'"

P uptake(mg plant") 2.784'" 0.003'" 0.63'"

dry matter(g plant") 7.957'" 0.032'" 0.52'"

silking stage (Ste Rosalie)

ear-Ieaf P content(%) 34.575" 0.030'" 0.62'"

silking stage (Ormstown)

ear-Ieaf P content(%) 22.26'" 0.076'" 0.35'"

t ., •• and ••• indicate the probability of a greater F are at 0.05, 0.01 and O.OOllevel
respectively.

•



• Table 20. Analysis of variance and contrasts for N and P uptake and corn yield
in 1990

Source Total Uptake yield

of variation df N P stover grain

Ste Rosalie soil

Nrate 2 ** * NS *

Linear 1 ** * NS *

Quadratic 1 NS NS NS NS

P sources 2 ** ** ** **

PO vs MAP, TSP 1 ** ** ** **

MAP vs TSP 2 NS NS NS NS

N rate x P sources 4 NS NS NS NS

Ormstown soil

N rate 2 ** * NS *

Linear 1 ** * NS NS

Quadratic 1 ** NS NS *

P sources 2 ** ** NS **
PO vs MAP. TSP 1 ** ** NS **
MAP vsTSP 1 NS NS NS NS

N rate*P sources 4 NS NS NS NS

**. * = significant at 0.01 and 0.05 probability levels. NS = not significant.
df = degree of freedom.



• Table 21. Analysis of variance and contrasts for N and P uptake and corn yield
in 1991

Source Total Uptake vield

of variation df N P stover grain

Ste Rosalie soi!

Nrate 2 ** * * *

Linear 1 ** ** * *

Quadratic 1 NS NS NS NS

NO vs NI, N2 1 ** * NS *

NI vs N2 1 ** * * NS

Prate 2 ** ** ** **

Linear 1 ** ** ** **

Quadratic 1 NS NS ** **

PO vs Pl, P2 1 ** ** ** **

Pl vs P2 1 ** ** * *

N rate x Prate 4 * * NS NS

Ormstown soi!

N rate 2 ** ** NS *

Linear 1 NS NS NS NS

Quadratic 1 ** * NS *

NO vs NI, N2 1 ** ** NS *

NI vs N2 1 NS NS NS NS

Prate 2 * ** ** **

Linear 1 NS * NS NS

Quadratic 1 ** * ** **

PO vs Pl, P2 1 ** ** ** **

Pl vs P2 1 NS ** NS NS

N rate*P rate 4 * * NS NS

**, * = signilicant at 0.01 and 0.05 probability levels. NS = not significant.
df = degrce of freedom.



• Table 22. The main effect ofbanded P sources and urea·N rates (1990); Banded
TSP·P rates and urea·N rates on P and N uptakes and P use efficiency
by corn in 1990 and 1991.

Main Ste Rosalie Ormstown
Effects

N uptake P P N P P
uptake efficiency uptake uptake efficiency

1990 .•..• kglha ••••• g/kg •••- kglha _••• g/kg

P Sour<:e o Pt 158
8* 26.88 1808 31.68

MAP 209A 39.5A 321 211A 42.7A 274

TSP 209A 39.1A 303 211A 42.1A 260

N Rates NO 176 31.3 220 185 35.1 243

N30 188 34.8 311 207 38.9 146

N60 203 39.4 406 207 42.3 414

Trend L" L" L" Q" L" L'

1991

P Rates TSPO 157 17.8 220 27.2

TSP45 188 23.2 268 263 34.7 368

TSP90 215 26.7 222 269 37.9 264

Trend L" L" NS Q" Q" L"
N rates NO 175 21.1 188 224 31.2 221

N30 185 22.5 272 264 34.5 332

N60 201 24.2 276 262 34.2 395

Trond L" L" Q' Q' Q' Q'

top, MAP, and TSP indicate the average of four replications and three N rates
banded with no P, MAP, and TSP, respectively.

NO, N30, and N60 indicate the average offour replications and three P sources (1990)
or P rates (1991) banded with no urea, 30 kg Nlha, and 60 kg Nlha urea, respectively.

TSPO, TSP45, and TSP90 indicate the average of four replications and three N rates
banded with no TSP, 45 kg P.OJha, and 90 kg P.OJha TSP, respectively.*Means in the same column with different lettera are significantly different at the
0.05 level based on Duncan's Multiple Range Test. NS,., and •• indicate no
significant, significant at 0.05 and 0.01 probability levels in Contrast, respectively.



• Table 23. The main effect ofbanded P sources and urea·N rates (1990); Banded
TSP·P rates and urea·N rates on stover and grain yields of corn in 1990
and 1991.

Main Ste Rosalie Ormstown
Effects

stover yield grain yield stover yield grain yield

1990 ••••.••...•• Mglha ••..0.0•••• .••.•••••••• Mglha •.•0 ••••000

P Source oPt 6.4"* 7.8" 11.0 8.6"

MAP 8.6A 9.6A 11.9 10.0"

TSP 8.0" 9.8A 11.4 9.9A

N Rates NO 7.5 8.8 10.9 9.1

N30 7.4 9.1 11.9 9.7

N60 8.1 9.4 11.5 9.7

Trend NS L' NS Q'

1991

P Rates TSPO 5.4 7.4 8.0 9.4

TSP45 6.6 8.6 9.3 10.2

TSP90 7.7 9.2 9.2 10.4

Trend Q" Q" Q" Q"

N rates NO 6.3 8.0 8.5 9.7

N30 6.1 8.5 9.2 11.2

N60 7.2 8.7 8.8 10.1

Trend L' L' NS Q'

top, MAP, and TSP indicate the averagè of four replications and three N rates
banded \Vith no P, MAP, and TSP, respectively.

NO, N30, and N60 indicate the average of four replications and three P sources (1990)
or P rates (1991) banded with no urea, 30 kg N/ha, and 60 kg N/ha urea, respectively.

TSPO, TSP45, and TSP90 indicate the average of four replications and three N rates
banded with no TSP, 45 kg P.OJha, and 90 kg P.OJha TSP, respeetively.
* Means in the same column with different letters are significantly different at the

0.05 level based on Duncan's Multiple Range Test. NS,·, and •• indicate no
significant, significant at 0.05 and 0.01 probability levels in Contrast, respectively.



• Table 24. The main effect ofbanded P sources and urea-N rates in the 1990 on
P and N uptakes and P residual efficiency by corn and stover and grain
yield of corn in 1991.

Main Ste hJsalie Ormstown
EfTects

stover grain P P em· stover grain P P em·
yield yield uptake ciency yield yield uptake ciency

1990 ..... Mg/ha - ... kg/ha glkg ....- Mg/ha ---- kg/ha e'lkg

P Source oPt 5.9"; 7.4" 15.0" 8.4D 8.5" 22.9

MAP 6.8A 8.1A 19.0A 99 9.3A 9.5A 23.5 181

TSP 6.8A 8.3A 19.7A 116 9.3A 9.3A 24.3 139

N Rates NO 6.7 7.7 16.5 105 8.5 8.8 24.6 120

N30 6.5 7.9 17.9 95 9.1 9.2 27.8 170

N60 6.3 8.2 19.3 124 9.4 9.3 29.1 190

Trend NS L· L· NS L· 1" L·· Q.

top, MAP, and TSP indicate the average of four replications and three N rates
banded with no P, MAP, and TSP, respectively.

NO, N30, and N60 indicate the average of four replications and three P sources
banded with no urea, 30 kg N/ha, and 60 kg N/ha urea, respectively.*Means in the same column with different letters are significantly ditrerent at the
0.05 level based on Duncan's Multiple Range Test. NS, *, and ** indicate no
significant, significant at 0.05 and 0.01 probability levels in Contrast, respectively.



• Table 25. Analysis of variance and contrasta for the effect of banded
phosphorous sources and urea rates in the 1990 on phosphorous uptake
and

corn stover and grain yield in 1991

Source Total P yield

of variation df uptake stover grain

Ste Rosalie soil

Nrate 2 * NS *

Linear 1 ** NS *

Quadratic 1 NS NS NS

P sources 2 ** * **

PO vs MAP, TSP 1 ** * **

MAP vs TSP 2 NS NS NS

N rate x P sources 4 NS NS NS

Ormstown soil

N rate 2 ** * *

Linear 1 ** * *

Quadratic 1 NB NS NS

P sources 2 ** NS **

PO vs MAP, TSP 1 ** * **

MAPvsTSP 1 NS NS NS

N rlite*P sources 4 NS NS NS

**, * = significant at 0.01 and 0.05 probability levels. NS = not significant.
df = degree of freedom.



• Table 26. Regressions ofsoil pH (H20) • and soil buffer pH (SMP) with final agar-soil
pH rises in urea (0.5 g kg\ treatment) fertilizer microsites after applicatio.!

Soil

Ste Rosalie

Ormstown

Upland
Tope soil

Upland
Subsoil

soil pHt soil pHt agar-soil pH near urea microsite

(H2O) (SMP) day2 day4 day6

5.0 5.5 7.0 7.7 6.5

5.5 6.2 7.5 8.0 7.0

4.2 5.3 6.5 6.5 6.5

4.0 4.5 5.5 5.5 5.5

Regressions of soil pH with pH near fertilizer microsite (n=4)

pH(day 2) vs Y = 1.33 + 1.13X R2 = 0.86'
pH(H20)

pH(day 2) vs Y = 0.21 + 1.20X R2 = 0.96"
pH(SMP)

pH(day 4) vs Y = 0.78 + 1.29X R2 = 0.79'
pH(H20)

pH(day 4) vs Y = 0.16 + 1.24X R2 = 0.76'
pH(SMP)

pH(day 6) vs Y = 2.91 + 0.74X R2 = 0.68
pH(H20)

pH(day 6) vs Y = 1.66 + 0.88X R2 = 0.95"
pH(SMP)

y =final agar-soil pH; X =original soil pH(H20) or pH(SMP).
>1< and >1<>1< indicate significant at 0.05 and 0.01 probability level by F test.
t Soil pH(HP) and pH<SMP) methods: McLean, E.O. 1982.

.,
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• Table 27 Nitrogen uptake And N use efficiency by Corn in 1991

PRate Rate ofUrea-N banded (kg/ha)
(kg Pp&" ha)

0 30 60 Menus

Total N 0 148(9) 155(17) 167(20) 157c

Uptake 45 180(30) 186(22) 197(16) 188"

kg/ha 90 195(32) 210(22) 239(23) 215A

(Ste Rosalie) MEANS 175" 185" 201A

N use Efficiency 45 32.4(33) 30.9(28) 30,0(31) 31.1"

% 90 47.6(26) 54.5(13) 72,4(35) 58.1A

(Ste Rosalie) MEANS 40.0 42.7 51,2

Total N 0 214(12) 235(13) 210(15) 220"

Uptake 45 240(9) 271(30) 276(15) 263A

kg/ha 90 219(62) 285(25) 301(11) 269A

(Ormstown) MEAN8 224" 264A 262A

N use Efficiency 45 25.2(11) 36.5(32) 66.1(13) 42,6

% 90 4,6(3) 50.5(20) 91.1(13) 48,8

(Ormstown) MEANS 14.9c 43.5" 78.6A

Means in the same column or row with the different letter are significantly different at
the 0,05 level based on Duncan's Multiple Range Test.

The values in the bracket are standard deviations.
N use efficiency=(N uptake in treatment with banded N - N uptake in corresponding

treatment without banded N fert,)*100/N applied,

..




