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Abstract

Studies were performed to characteríze the chemical environment in

dual N-P bands for Lhree chemically different soils, an acidic Stockton

fsl (pH 5.6), a neutral srockron fsl (pH i.2) and an AhnasÍppi fsl (pH

TSP, ltlHa)2SO4 + MAP, NH4N03 + MAP, NH4OH + MAp, H3pO7*-urea + MAp, MAp

alone, TSP alone and a control (no fertiLizer). i,Iater soluble p, NH4+ +

NH3-N, NO3- + NO2--N, C^2*, Mg2+ and pH were determined at various

distances from the application site.

Phosphorus solubilicy in the acidic Stockton and Almasippi soils

were increased above that of MAp alone when urea, NH4OH or H3po4-urea

were added to MAP. urea or (NH4)2so4 additions to MAp increased p

solubility in the neutral Stockton soíI. The addition of urea to TSp

increased P solubilÍty in both Stockton soils. Phosphorus movement \das

not consistently increased by any one fertiLizer treatment in all

soils. Phosphorus movement \^/as, however, generally greater for the

stockton soils than for the Almasippi soil regardless of treatment.

High pH and high concentrations of NH4+ + NH3-N were found near the

application site for all soils treated with urea, NH4oH and H3po4-urea.

In subsequent gro\"7th chamber studies, initiation of fertilizer p

uptake by seedlings and P utilizatíon were measured for wheat, eanola

and flax grovrrr on a L7illo\¡rcrest soil and for canola gro\^irr on an

Almasippi soi1. Treatments consísted of dual bands of urea + MAp,

(NHa)2so4 + MAP, and NH4NO3 + MAp (7.5 cm belor^¡ and beside rhe seed)

and separate bands of urea and MAp (7.5 cm below and beside the seed)



and urea and MAP (MAP 2.5 cm below and beside the seed and. wrea 7.5 cm

below and beside the seed).

ilheat, canola and flax effectíveIy utíLi-zed fertili-zer P from the

dual bands. Fertilizer P uptake from dual bands v/as generally equal to

or greater than from P placed near the seed-row. rn the first

experiment, f.erxirizer P uptake v/as gxeaxer from the (NHa)2so4 + MAp

dual band than for P placed near the seed row, particularLy for canola

and wheat. In addition, fertilizer P uptake at the heading or flowering

stage was L2 and 16 percent hígher from dual (UH+) 2SO4 + MAP bands than

from P placed near the seed row, for canola and ruheat, respectívely.

The number of days to the initiation of fertLLizer P uptake from

dual N-P bands rlrere greater for canola and flax than for v¡heat. Also

days to initiation of fertiLizer P uptake vrere greater for urea * MAp

dual bands than for (NH4)2so4 and. NH4NO3 dual N-p bands. Attemprs ro

detoxify the dual N-P bands by acidifying the ferrilizer band (use of

H3PO4-urea) or by using a slow release N fertilizer (SU) r,¡ere generally

unsuccessful. rn contrast, incubation of the urea dual N-p band for a

perÍod of 10 d prior to seeding significantly reduced the time period

prior to ínitiation of fertll-Lzer p uptake.
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I INTRODUCTION

The placement of fertLlízer N and P in a sÍngle band ís referred

to as dual banding. The practice of dual banding, as opposed to the

conventional method of placing fertili-zer p near the seed at seeding

and placement of N away from the seed-row, is of interest for several

reasons. Dual banding allows the farmer to apply both N and p

fertilizers prior to seeding thereby reducing fertilizer handling ar

seeding time. secondly, duar banding has been shown to be more

effective in meetíng plant requirements for p than broadcast

applications, particularly when NH4*-tq is ad.ded. r¡¡ith fert LLizer p . In

many instances, fertilizer P uptake from pre-p1ant dual N-p bands has

been found to be equal to or greater than that from fertíLi.zer p placed

in or near the seed row.

Flaten (1987) in 1983 and 1984, conducted experiments to srudy rhe

reasons why the application of urea-N greatly enhanced p uptake from

pre-p1ant fertilizer bands. Phosphorus solubility in the fertíIízer

band was found to increase by as much as 50 to l00B when urea was added

to monaûünonium phosphate (MAp). This partly explained why urea-N

enhanced P uptake by plants treaLed with urea + MAP. It was also noted

in these studies that uptake of p during the seedlÍng stage from dual

N-P bands was low compared to that from N and p appried separately. The

1ow uptake during the seedling stage was attributed to a lack of root

growth into the fertilizer band resulting from high concentrat.ions of

NH3 from the urea fertilizer.

The studies conducted during 1983 and 1984, however, included only

one soil type and one N ferxíLízer (urea) . Thus, studies were conducted
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in 1985 and 1986 usíng dífferenr soíl rypes and dífferenr N

fertilizers. The studies v/ere conducted to d.efine more clearly the soil

and fertiLizer band conditions under which N fertÍlizer enhances p

solubility and prant uptake. A seeondary objective \,/as to identify

reasons for the slow plant uptake of fertilj.zer p from dual bands

during the seedling stage.
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II LITRATT]RE REVIEIil

1- rnfruence of NH4+-N on P utilj.zaxion from duar N-p bands

since the 1940's research has been conducted to determine the

effect of NH4+-N on fertilizer p uptake and crop yields. Early

findings indicated rhar rhe addírion of NH4+-N ro ferrilizer p

increased fertilizer P uptake above that of ferxí,Li-zer P and N applíed

separately (Soper and Rennie 1958; Rennie and Mitchell 1954; Robertson

et al. L954). More recently, Liekam er al. (1983) reporred higher

yields and fertilj-'zer P utilization from winter wheat treated -with dual

N-P bands than with separate applications of N and P when fertilizer p

r¿as either broadcast or banded in direct contact with the seed.

similarly, Flaten and Racz (LgB2) found that ferririzer p uptake by

wheat was greater from dual N-p bands of urea and MAp than from

separate bands when the fertilizer bands were placed more 1.]:nan 2.5 cm

from the seed row. Fertilizer p uptake from dual N-p bands was

approximately equal to that from separate bands placed close to the

seed row (2.5 cm below and beside the seed).

2. Mechanism responsible for the NH4+ ion effect

seweral different mechanisms have been proposed ower the past 40

yr to explain the effect of NH4+-N on absorptíon of fertítizer p by

plants. These mechanisms can be categorized as either biorogical or

chemical in nature (Grunes et aI. 1958). Biological mechanisms refer to

those mechanisms which result in increased p uptake due to changes in
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the morphology and/or physiology of the plant. chemical mechanisms

refer to those mechanisms whích increase p absorption by altering

ferxíLizer P availability. A list of mechanisms as caxegorLzed above is

shown ín Table 1.

Table 1. Mechanisms responsible for the NH¿*+ ion effect.

I, -Chemical Mechanisms

1. Increased size of the fertiLizer p reaction zone

2, rncreased fertilizer p concentrations in the ferxíLlzer band or
fertilizer placement zone

II. Biological Mechanisms

A. Morphological

1. Increased root contacL with fertilizer p

B. Physiologicat

1. Caxion/anion balance

2. Absorption transfer processes

2.T. Ghemical Mechanisms

i. Increased size of the fertil-izer p reactiorr zone

Phosphorus ís a relatively immobile nutríent, thus plants must

proliferate roots into the fertílizer p reaction zone to absorb

fertilizer P. Any factor which resulLs in an increase in the size of
the fertíLizer reaction zone wiIl increase root contact with fertilizer

P. Increased root contact would be expected to íncrease fertílizer p

uptake by plants which do not strongly proliferate rooLs into the
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reaction zone or have roots of a relatively 1ow absorptÍve capacity

(Strong and Soper L974a, l-g74b).

Bouldin and sample (1958) showed thar additions of NH4NO3 or KNo3

to concentrated superphosphate (CSP) in two different soils had. Iittle

effect on the maximum distance of movement of fertjj.izer p from the

applÍcation site. However, the amount of fertilízer P which moved into

the soil from the applícation site was increased by the addition of N

salts to CSP. The authors suggested that the addition of N salts to CSp

reduced the fraction of ca(H2po4)z .Hzo which formed ca1po4 at rhe

pellet site and thus increased the amount of fertTLizer p which moved.

out from the applícation site.

studies by Miller and Vij (L962> showed rhar addirions of
(NH4)2504 xo CSP increased the distance of fertilLzer p movemenr at
both the 3 and 6 wk sampling periods but had little affecr afrer g wk.

since plant absorption of ferttLí'zer p was not increased until the

eighth wk it v¡as concluded that distance of fertilízer p movement from

the application site had little influence on absorptíon of fertilizer

P.

Blanchard and caldweIl (1966) placed monocalcÍum phosphare

monohydrate (MCP) alone, MCp + NH4c1, and MCp + KCl in a soil and rhen

leached the soil with 4 cm of water. After leaching the distribution

of P was determined. The distance of fertilizer movement did not díffer

sígnificantly among the three applications, leading the authors to

conclude that fertíLj-zer p movement \^ras not affected by the application

of N.

Previous to the above study, Blanchard and cardr^¡ell (1966a)

reacted MCP, MCP + NH4cl and MCp + KCI wirh a Nicorlet soil for 2 wk
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Soil sarnples were taken at various distances from the application sj-te

and analyzed. Plant growth studies using corn as the test crop \¡/ere

also conducted. Fertilizer P movement was between 3 and 4 cm

irrespective of fertilizer treatment. corn roots grew to within 2, 6 ,

and 8 cm of the plaeement site for MCp alone, MCp + KCI and MCp +

NH4CI' respectively. The authors concluded that plant roots do not grow

into the initial fertilÍzer band resulting from free diffusion of MCp

and associated salts under static conditions. The distance of movement

from freely díffused bands, if increased by the applieation of a N

salt, may not affect P uptake due to the ínability of the plant roots

to enter the fertiLizer reaction zor1e.

rt can be concluded that the addition of fertilizer N to

fertilizer P does not generally result in an increase in the maximum

distance of P movement. However, addition of fert1ljzer N to fertíLizex

P does alter the distributíon of fertíl izer P such that more p leaves

the applicatíon site. Thus, increasing the size of the fertilLzer p

reaction zone does not appear to be the dominant factor responsible for
increased P uptake from dual N-P bands. However, potentially beneficial

effects of increased P movemenL or alteratíon of the p distribution may

be masked by the inability of plant roots to enter an area of hÍgh

nutrient concentration.

ii- Increased fertilizer P concentrations in the fertilizer band- or

fertilizer placemerrt zone

The amount of fertrLízer p absorbed by plants is not only

dependent upon the amount of root area in contact with the fertilizer

reaction zone but also upon the absorptive capacíty of the root. Any
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factor which affects the absorption rate per unit root area will

influence total P uptake. Increases in solution concentration of p have

been shown to increase the P absorption rate per unit root area (Carter

and LathwelL L967). Thus, some researchers have attributed the NH4+ ion

effect to a N effect on solubility of ferxlLizer P reaction products.

The effect of KNO3 and (NH4)2SO4 on ferrilizer p uprake,

distribution and solubility v¡as studied by Bouldin and sample (195s).

Both KN03 and (NH4)2SO4 increased ferxii-izer P content in the reaction

zone and decreased the amount of P precipitated at the placement site.

These results were well correlated with P uptake ín growth experí-ments.

The authors concluded that increased uptake of fertilízer p may be the

result of an increased solubility of reaction products a\¡/ay

from the granule site and a reduction in the amount of p precipitated

at the granule site during dissolution of the granule.

In a later study by the same authors, the effect of various salts

on the fraction of added P remaining at the granule site and plant

Tesponse to soil P reaction products remaÍning outside the granule site

were studied. The results indicated that additions of (NH+)2so4 ro MCp

resulted in the lowest amount of p remaining at the application site.

The amount of P remaining at the applícation site vrith NH4NO3, NH4CL,

KNo3 and K2so4 was slíghtly greater than for (NH4) 2so\, but srilr lower

than for MCP alone. Phosphorus uptake by sorghum in response to soil-p

reaction products prociuced outside the granule site, as compared to MCp

alone was only higher for (NH4)2so4 + MCp. This treatment also

resulted in 208 more P external to the granule síte. Reaction products

produced by sarts other than (NH4)2so4 v¡ere thought to hawe a lower

solubility than those produced by MCp. The aurhors concruded that
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uptake of P by plants was influenced

into solution and compositíon of the

(Bouldín and Sample 1960).

by both quantity of P transported

solution leaving the granule site

Starostka and Hill (1954) studied the effect of various N salts on

the solubility of dicalcium phosphate (DCp) in solution. The presence

of (NH4)2so4 ínereased DCP solubiriry substanrially, while NH4NO3 only

increased solubility slightly and ca(No3)2 decreased solubility in

solutÍon. These findings corresponded well to alfalfa growth studies;

the salts which enhanced solubility resulted in greater crop responses.

The increased solubility of p in the p reaction zone v¡ith

additions of N fertiLízer has been attributed by some authors to

alteration in pH r^rithin the fertiLizer band. A lowering of pH generally

increases P solubility. pH of the fertílizer band could be decreased by

the acidity of the salt per se. or due to oxidation of the NH4+ ion to

Nog-.

Rennie and Mitchell (1954) showed that the awailabiliry of rriple

superphosphate (TSP) was increased by additions of NH4NO3. The authors

aLtributed this increase to a reduction in pH around the TSp reaction

zorre, which reduced the rate of fertilízer p fíxation and prolonged

plant availabilíty of fercilizer P. Similar findings \¡¡ere reported by

Grunes et al (1958), who found fertilizer p uptake from TSp ro be

increased by the addition of (NH4) 2so+. The increase was associated

with decreased soil pH in the p reaction zone. Hor,¡ever, the abowe

findings were refuted by several studies. orson et al. (1956)

performed a study in which csp and various N and non-N salts were

combined to determine their effect on fertilizer p availability in

soíl. They found no distinct dífferences due to the addítion of a N
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salt and there appeared to be no benefit of acidifying substances on

ferxlLt-zer P uptake. Any effect of modífylng soil pH on prolonging

fet1clLÍzer P solubility was thought to have been offset by a release of

ca2+ frorn the soil which r^rould react with p to form relatively

insoluble precipitates .

The effect of increased acidity on uptake of fertil ízer p was also

studied by Rennie and soper (1958). rn their study, KHSO4 was mixed

with MAP in

application

an

of

amount equivalent to the acidity produced from an

(mH+) ZSO4. The pH in the wicinity of borh KHSO4 + MAp

and (NH4)2504 + MAP bands was reduced, however uptake of fertilizer p

was only increased by the (NH+) 2so4 xrearment. The KHSO4 + MAp

treatment actually resulted in a reduction in p uptake. The authors

attributed this to a rapid drop ín pH caused by the acid salt. sÍmilar

results were obtained in other studies leading the authors to conclude

that increased acÍdity in the fertilizer band .t,ras noL the factor

responsible for increased uptake of fertilizer p.

Ammonium nitrate, KCI or urea applied at rates of 22.4kg ha-l and

67.2 kg ha-1 with MCP or MAp were found to decrease sorution p

concentrations ín simulated fertiLLzer bands (Isensee and i^ialsh

L970,L912). Reduction in P concentration caused. by NH4NO3 and KCI was

attrÍbuted to íncreased concentration of ca2+ and ylg2*, resultíng Ín

increased formation of ca and Mg-phosphates. A drastic decrease in p

solubility caused by addition of urea \¡ras Ínitia11y attributed to an

íncrease in pH enhancing the formation of Ca-phosphates. A decrease in

P concentration at the later periods of incubation was attributed to a

reduction in pH caused by nitrification of NH4+. Decreased pH was
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thought to favor the formation of aluminum and iron-phosphates of low

solubility.

The effect of high pH N salts on p availabiliry as noted by

Isensee and l,Ialsh (1970, L972) \^/as contrary to that d.escribed by Hanson

and l^Iestfall (1985). Hanson and L{estfall found applications of NH4OH

plus ammoníum polyphosphate (App) when applied with or wirhour

nitrapyrin increased NaHCO3 extractable P in three out of four soils

tested' The authors suggested that increased solubility of p was the

result of a higher injection zone pH caused by the application of NH4oH

to APP. Three mechanisms for the increase in extractable p in the

reactíon zone r^rere postulated by the authors. First, the high pH caused

by NH4OH can result in the formation of the more soluble Ca-phosphate

reaction products as opposed to less soluble aluminum or iron-
phosphates which are usually formed at lower pH values. secondly,

decreases in pH caused by nitrification may increases the solubility of
dicarcium phosphate dihydrate and dicarcium phosphate reaction
products. Finally, reduction in pH resulting from nicrification of NH4+

may allow soluble reaction products to persist for a longer period of
time.

Miller and vij (L962) measured !üater soluble p in solurion

surrounding the application site of csp and (NH4) 2so4 xreatments.

uptake of P was increased by addirions of 1NH4)2so4 to csp whereas the

solubility of P in the reaction zone r,¡as decreased by (NH4) zsou. The

authors concluded that any influence of N on \^rater-solubility of
fertilizer P v¡as not responsible for enhanced p uptake by (NH4)2soa.

Increased availabilíty of fertilizer P resulting from additions of
various fertílizer salts may be explained by the "snow-prow" effect.
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This effect as defined by Barry et al. (1983), occurs when a soil with

a relatívely low cation exchange capacity has adsorbed. ions on the

exchange desorbed by an incoming solution of a high concentration.

Desorption is the result of competition for exchange sites betvreen

specÍ.es, with the more abundant species occupying the most sites and

desorbed ions entering the solution. Desorbed ions are pushed ahead by

the incoming solution front símilar to a snov/ plow (Barry et al. 1983).

This effect is thought to occur in fertilizer band.s with the saturated

fertilizer solution moving from the applícation site supplyíng the

solution of high concentration. Under field conditions displacement of

cations on the exchange and movement of these ions out of the reaction

zone is thought to occur for at least short distances (Starr and

Parlange L979).

A numerical investigaLion of the "snovr p1ow" effect by cho (1985)

indicated that concentration distributions of both displacing and

displaced íons withín a soil column are dependenL upon the selectivity

coefficient of the ion exchange reaction, the exchange capacity of the

soil and the concentration of the displacing ions. As the selectivity

coefficient or affinity for adsorption became greater for the

displacing ions, removal of ions on the exchange was nearly complete

and penetration of the displacing ion was limited.. The concentratÍon of

displaced ions in front of displacing ions vras veïy high and sharply

defined. As the selectivity coefficient was reduced, penetration by

displacing ions i-ncreased due to inefficienL removal of ions on the

exchange and concentration of the displaced ions in front of the

displacing ions \^ras very low. Variation in the soil cation exchange

capacÍty was found to alter ion desorption. Soils with a large cation
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exchange capacity favor desorption of divalent cations over monovalent.

The reverse was found to be true of lorver cation exchange capacities.

Variation in ion concentration and distribution as described by

the "snow plow" effect may help to explain the effect of N on p

solubility and uptake. However, much more research must be done on this

phenomenon to determine its true merit.

rt can be conctuded from rhe above srudies ;;"r ;;;;;";; pranr

availability of fertilízer P may be related to a N effect on reaction

zone pH and its effect on the type and solubility of reactions products

initially formed. Support for the hypothesis that N fertilizer placed

in intimate contact with p fertilizer increases the solubilÍty of

fertilizer P in the reaction zone appears to be v¡e1I documented.

Several authors have correlated increases in P solubility to increases

in plant uptake of P. Thís indicates that increased p solubilíty in

ferxlLizer bands with added N is at least partly responsible for

enhanced uptake of P by plants when both N and P fertilizers are placed

in the same band. However, much more research must be carried out to

denote the specific reactions which result in increased fertiLízer p

solubility and the condítions under which enhanced solubility in the

reaction zone occur.

2.2. Biological Mechanisms

i. Morphological

a. Increased root contact with the fertilizer band

Tncreased root surface contact with ferxiLizer p due to

applícations of fertilizer N has been suggested as a possibre

explanation for enhanced f.erxíLLzer P uptake when NH4+-w is placed with
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fertilizer P. Grunes et al (1958) found addirions of (NH+)2so4 wirh csp

increased the proportion of barley roots in the f.erxi|ízer band. The

authors suggested that an increased proportion of roots ín the

fertilizer band could explain increases in the percentage of total p

absorbed from dual N-P bands. These findingl¡rere supported in studies

condueted by Miller and ohlrogge (1958), who fourrd addirions of

(NHa)2So4 to csP to result in a 10oB increase in the wr of p per planr.

The authors indicated increased development of root mass in the dual

band area as the most important mechanism responsible for the increased

P uptake. Miller and vij (L962) also nored rhar rhe addirion of
(NH+) 2so¡* xo csP resulted in a 100s increase in oven dry weight of

roots ín the N-P reaction zone and fertilizer P content of sugar beet

tops harvested 8 and 10 wk after planting. Multíple regression analysis

indicated that increased root weight in the fertÍlizer band accounted

for 878 of the variability in fertilízer P content of plants harwested

8 wk after planting.

Blanchard and Caldwell (1966) equilibrared ferrilizer pellers of
l4cP' McP + NH4cl and MCP + KCI in a Dakota loamy sand soil tor 2 wk.

Pots were then leached with variable amounts of water and planted to
corn. corn tops were harvested after 2 wk of growth, weighed and

anaLyzed for P uptake. rn pots leached with 4 cm of vrater, p uptake

from MGP + NH4cl was three fold greater than MCp alone or MCp + KCr.

However, increased root grovrth occurred in both the MCp + NH4CL and MCp

+ KCl treatments. The authors concluded that increased uptake vras not

related to increased root production in the fertilízer reaction zone

and that increased root production rnay only be an effect of increased p
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uptake or P uptake may not be related to the quantity of roots if p

diffusion to roots is not limiting P uptake.

rn three experÍ-ments carried out by Miller (1965) absorption of p

was increased by the addition of (NHa)2so4 to csp. However, only in rhe

first experiment r¡ras there a corresponding increase in the development

of a single lateral root which was allowed to grow into the dual N-p

band. It was concluded that increased root growth was not a

prerequisite to increased absorption of p from dual N-p bands.

The quality of root growth induced by N and p was also

investigated by Duncan and ohrrogge (1958). rn rheir study a single

corn rooL was allowed to grow into N and p bands placed singly or in

combinatíon. Roots developÍng in dual N-p bands were fíner and more

silky in appearance. Also, the number of roots in the duar N-p band was

greater than in separate N-P bands. rn a subsequent study, the authors

indicated that rapíd first order root grovrth into fertll-Lzer bands of

low salt concentration resulted in meristem death. However, smaller

secondary roots \^rere not affected by the band possibly due to their

slower rate of growth, permitting adjustment to salt concentrations in

the band. similarly third, fourth, fifth and sixth order roots \¡/ere

observed in the dual band area. These results indicated that a possible

mechanism for increased P uptake with NH4+-N may be the alteration in

the quality and quantity of roots found in dual N-p reaction areas

(Duncan and ohlrogge L959). These results, however, \Àrere not supported

by the work of Miller and vij G962), who reporred. no apparent change

in the degree of branching or fineness of sugar beet roots exposed to a

dual band of (NH+)2504 and CSP.
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rn general, several researchers have noted íncreased. root

proliferation with addition of NH4+-N co fertílizer p. However,

Blanchard and caldwell (L966) demonstrated rhat increased root

proliferation did not necessarily increase fertilizer p uptake.

Furthermore, Miller (1965) did not observe increased root proliferation

with the addition of NH4+-N although p uptake was increased. Thus

increases in P uptake from these bands may have been due Lo increases

in either number of roots or improved root quality in the N-p reaction

zone.

ii. Physiological

a- CaXion/anion balance

During ion uptake plants must maíntain electroneutrality. Thus, a
caxion/anion balance is maintained by the plant. changes to the plant
and soil surrounding the roots resulting from maintenance of this
barance will be reviev¡ed in thís section, with ernphasis on those

factors effecting P availabilíty and plant uptake of p.

Riley and Barber (1969) observed that an accumulation of HCo3- and

a pH increase in the rhizosphere v¡ere closely associated with an

increased supply of NO3- to plant roots. The authors attributed this
to an increased uptake of anions resulting in a release of HCO3- by the

plant to maintain electrícal neutrality. similarry, increased NH4+

uptake has been found to cause a decrease in rhizosphere pH. This was

attributed to an increased uptake of cations resulting in excïetion of
H* by plant ïoots to maintain electroneutrarity (Míller et al . L97o;

Ríley and Barber r97r; smirey L9l4). The reducríon ín pH resulting
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from extrusion of H+ íons was thoughc to play a major role in

increasíng P availability and uptake.

Riley and Barber (r97r) applied NH4+-tu or NO3--N to soybeans gror,jrr

on four different soils. Rhizocylinder pH was decreased by additions of

NH4*-n, while additions of NO3--N increased rhizocylinder pH. Ammonium

ferxlrLzed soybeans absorbed more p and contained a higher

concentration of P than No3- fertLLized soybeans. rncreased p

absorption \^las closely correlated r,¡ith decreases ín rhizosphere pH but

not with bulk soir pH. rncreases in pH caused by the addition of No3-

resulted in a lovrer amount of P uptake. The authors concluded thau

increased availability of p was rnainly due to the effect of N on the

rhízosphere pH.

Soon and Miller (L977> grevt corn seedlings on three soils with pH

values of 7.r,5.5 and 4.3, ferrilized wirh MCp and eirher (NHa)2soú,,

ca(No3) 2 or cacL2. The rhyizocyrinder (roors plus adhering soil) and

burk soil were analyzed for pH and phosphate aft.er ll d of growth.

Rhizocyrinder pH was reduced by rhe additíon of NH4+-N in all soils

while additions of No3--N increased rhizocylinder pH in all but one

soi1. Reduced rhizocylinder pH vras associated wÍth increased

th.í,zocy1-Í-nder P concentration and increased P uptake. The authors noted

that P absorption rras 509 greater in the presence of NH4+-N and 30g

greater in the presence of NO3--N than could be explaíned on the basis

of th.izocylinder P concentration alone. Differences in p absorption

between No3- and NH4+ treatments vrere attributed to changes in the

H2Po4- concenLratíon in the rhizosphere associated with pH changes

induced by ion absorption. Changes ín H2Po4- concentration were thought

to be partly due to changes in total p concentration and partly to
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changes in the proportion of total P in the H2PO4- form. The addicional

uptake vras attribuLed to enhanced physiological capacity of roots to

absorb P and increased root development.

Miller et a1. (L970), showed an accumulation of ca and p on the

surface of corn roots gro\,JTt in the presence of MCp alone. No

accumulations were found when (NH4)2so4 was mixed with MCp. Root

interface pH was reduced by addirions of (NH+)2so4 while rhe H2po4-

/HPO4-2 raxio was increased. These results lead the authors to suggesc

that an increase in the amount of H2po4- increased p absorption and

reduced the tendency for precipitation of p as CaHp04.2H2O.

Increasing P in the H2PO4- form has been associated v¡ith Íncreased

P absorption due to a greater absorption rate for H2po4- as compared to

that of HPo42- (Hagen and Hopkins 1955). The effect would be expecred

to be greatest on alkaline soils where Hpo42- is the dominant ionÍc

form present. However, in soils of a lorver pH the majority of the p

would already be in the H2po4- form; rhus rhe H2po4- /Hpo42- hyporhesis

does not fully explain increased p uptake from soils of low pH (Blair

et a1. 1-97I).

rt would appear that alteratíon of rhizosphere pH in response to a

catíon/anion balance does play a role in explaining the NH4+ ion

effect. However, it does not completely explain the í_ncreases in

uptake as noted by Soon and Miller (L977).

Absorption- transfer proces ses

cole et al. (1963), found rhe rare of p uptake per unir dry weight

root and the rate of P translocation to plant shoots were increased

pretTeatment of corn roots wíth N. The rate of uptake was híghly

b.

of

by
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correlated with total N in plant roots. However, the presence of NO3-

and NH4+ Ín the test solution during the 2 h uptake period. díd not have

an effect on P uptake. From these results the authors suggested that

stÍmulation of P uptake rates may be related to higher rewels of N

intermediates whose slmtheses have processes in common with those of p

uptake. The above result also countered the possibilicy of special

companion .rr..r" ;i i;;" ;; ;;; ;;;;; ;; ;;";;;;;" ;;;" ,""" .n. roor.

A similar study by Thien and McFee (L97L) supported the finding of
cole et al. (1963). Amrnoníum and No3- pretreated corn plants

transferred to treatment solutions containing labelled p alone or wÍth

NH4+ or NO3-were monitored for uptake and translocation of labelled p.

Nitrogen pretreatment of corn plants significantly increased. p

absorption and translocation rates to different degrees. Hor^¡ewer, the

presence of NO3-or NH4+ in treatment solutions did not affect uptake or

translocaLion in plants not pretreated vrith N. Thien and McFee

suggested the existence of a N requiríng metabolite influencing the

efficiency of P absorption and translocation. The authors also argued

against the presence of a companion effect of N and P in movement into
root cells.

ïn a growth chamber experiment conducted by Miller (1965), a

síngle seminal root from a corn seedling \^ras growrr in a soil pot

containing various fertilizer treatments, while the remaí_ning root
system vras allowed to grow in sand. Fertilizer treatments consisted of
(NHa)2so4 prus csP, P alone, N arone and a check. The sand and

remaining root system were treated with a nutrient solution consisting

of NH4NO3 at concentrations of 0.022, o.rL2 and 0.224 g L-1. Addirion

of (NHa) 2So4 to CSP increased P uptake over five times that of p alone
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when the lowest N level was supplied to the sand medium. At higher N

levels P uptake was reduced but still greater than p uptake from p

alone. The N content of corn tops and roots in the sand med.ium

increased with increasing levels of N applied to the sand medium. Given

the decrease in P uptake as N content of corn tops and roots in the

sand medium increased, the author suggested that it was unlikely that

increased P absorption could be due to an increased N content in the

root. These finding are contrary to that which would be expected from

the theory suggesred by Cole er al. (1963).

Ilhite (1973) hyporhesized that rhe rare of influx of

orthophosphate i-nto root cortical cells was regulated by the turn-over

rate of the inorganic phosphate pool in the cytoplasm, and by the rate

of transport of inorganic phosphate to the shoot. He suggested that
additions of high amounts of N to plants that were supplied adequate p,

would accelerate the turn-over rate and thus accelerate the rat.e of
orthophosphate influx. The effect of N was attributed to an increased

demand for P caused by increased. shoot growth and a corresponding

inerease in P transport from the root to the shoot.

Due to the complex nature of the absorption-transfer processes,

direct evidence for the effect of N on p absorption and transfer is
dÍfficult to obtain. There is, however, some evídence to indicate that
N does affect the absorption and transfer of p withín the plant. The

extent of the effect is difficult to determine due to the cornplexity of
the process.
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III METHODS AND MATERIATS

1. Chemical Studies: The effect of warious

ItIgZ* , NH4+ + NH3, No3

in dual N-P bands

N fertilizers on pH, CuZ*,

- + NO2- and P concentration

1.1 Soils investigated

Three soils varyíng rnainly in pH and carbonate content \^rere

selected for chemical studies: an Almasippi fine sandy loam (pH:g.5,

alkalÍne, carbonated), a stockton fine sandy loam (pH:7.2, neutral,

noncarbonated) and a stockton fine sandy loam soil (pH:5.6, acidic,

noncarbonated) (Table 2.). prior to use each soil was air dried, sieved

through a 1-mm síeve and stored in 20-L polyethylene containers.

L -2. Column preparation

soil columns consisted of 20 acryl-ic rings, 0.5 cm in height wíth

an internal diameter of 5.08 cm. Nineteen rings were fitted using

standard electricÍan tape to form a cylinder 9.5 cm in length, which

was then taped onto a column platform. The column platform consisted of

the 20th ring glued to a 6.35 cm by 6.35 cm aerylic plate. The platform

plate was perforated by 15, 3 run holes to allow adequate aÍr exchange

and covered with 150-rnm polyethylene spectramesh to hold the soil in
place. A protective collar 3 cm in length with an internal diameter of

5.08 cm was placed on top of the column.

Each soÍ1 was uniformly moisrened ro field capacity (Tabre 2.) by

mixing deionized lrater and 325 g of air dry soil in a polyethylene bag.

After mixing, soils were uniforrnly packed ínto soil columns to achieve
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Table 2. chemical and physical characteristics of the Alrnasippi, and
neutral and acidic Stockton soíls.

SoiI Series
SoiI characteristics Almasippi Stockton Stockton

(alkalinel (neutrall (a.idi")

Chemical

NaHCo3 Exr. y (ue S-L)
N03-N (pe e-')
Inorganic Carbon (tCaCO3)
Organic Matter (B)

NH¿-Ac Extractable:'cal+ 
(mmot r.e-11

þlgtn (mmol t e-11
K+, (mmot kg-l)
Na+ (mmol t e-11

pH (soil-water)

13
15
7.6
5.5

198.1
68.3
2.2
2.4
8.5

L4
4
0.2
3.3

63.9
LO.7
8.4
2.4
7.2

15
3

0.1
2.8

29.4
5.8
9.4
2.0
5.6

Physical

Sand (8)
Clay (B)
silr (3)

FÍe1d Capaciry (B)

Bulk Density (g ""-l)afxer paeking

Particle Density (g ..-1)

Air Filled Porosiry (S)
after packing

68
18
L4

21

L.L7

2.45

28.3

OL

L4
24

19

7.22

2.48

27.8

L7

L.21

2.53

27 .8

75
10
15
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bulk densítíes of L.27, r.22 anð. L.L7 g ".-l for the Almasippí, neurral

stockton and acidic stockton soils, respectively. Air filled porosity,

at the above bulk densities for the soils was about 2gg.

1.3. Treatmerrts

soil treatments were as given in Table 3. phosphorus and N

fertilizers vrere evenly applied to column surfaces ax a raxe of 0.0576

mg P and 0.230 mg N per column. Application rates were calculated to

reflect fertilizer band concentrations normally occurring under field
condition and were equivalent to a fertilizer band width of 2.5 cm, a

band spacing of 36 cm and a field apprication rare of 20 kg ha-l p and

80 kg ha-l ¡t (N from MAp was not included in N rate).

Immediately after fertilÍzer application a protective collar was

fastened to each column with standard electrician tape. Columns were

then covered with parafilm whích was punctured six times to allow for
adequate air exchange.

L.4. Coh¡nn incubation

Columns were incubated for 4 wk near 1008 relative humidíty and at
a temperature of 20 + L C. Envíronmental conditions were maintained. by

placement of the soil columns into incubation contaÍners which were

kept in a controlled environmental room. fncubation containers

consisted of a polyethylene container 60 cm long, 40 cm wide and 30 cm

deep with a 1id of simirar dimensions and composition. A 2.5-cm thick
sheet of polyurethane foam was placed in the bottom of each container

and saturated with deionized water. A 1.5-cm thick polyethylene grid

was then placed on the surface of the saturated foam sheet to prevent
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Table 3. Fertilizer treatments used in chemícal studies

Treatment # N fertilízer P fertj-l-ízer

1.
2.
?

4.
5.
6.
7.
8.
9.

Urea
(NH4) 2so4
NH4NO3
NH4OH
H3PO4-urea
none
Urea
none
none (control)

MAP

MAP

MAP

MAP

MAP

MAP

TSP
TSP
none (control)
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moisture absorption by soil columns and to ensure adequate air movement

to the soil column base. colurnns were placed on the polyethylene grid

and container lids fitted to reduce evaporative losses. Lids were

lifced dairy to allow adequate air supply to columns. i¡Iater in the

incubation containers v/as changed eveïy 2 wk to reduce microbial

growth. Alt treatments were replicated twice and were placed in a

completely randomized design.

1.5. Sectioni-ng and extraction procedures

columns were secLioned into 0.5-cm sections by cutting the tape

between sections using a stainless steel knife. A 6.0-g sample of soil
was taken from each ring and placed into a 250-ml Erlenmeyer flask. The

remaining soil was placed in a 60-ml polycarbonate jar for gravimetric

moisture determinatÍon. One hundred ml of deionizeð. waxer were added to

each 6.0-g sample and shaken vigorously for 30 min. sample solutions

Í7ere transferred to 250-ml polyearbonate centrifuge bottles and

centrifuged at 6,000 RpM for l0 mín. Fifteen and 20 m1 of supernatant

were transferred to a 15-ml polystyrene tube and a 25-mt polyethylene

via1, respectively. Solution ín each container was then acidified with
2 drops of concentrated sulfuric acid and capped for storage. Acid was

added to maintain ion solubility and to flocculate organic matter

díspersed in alkaline condítions. An additional 10 rnl of supernatant

\'üere transferred to a 15-ml polystyrene tube and immediateLy anaLyzed

for pH.
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L.6. Soí1 analysis

i. Analysis of soil-water extracts

a. Phosphorus determination

inlater extractable P was determined by the acíd-molybdate procedure

as descríbed by Murphy and Riley (L962).

b. Nitrate + Nitrite-N determination

üIater extractable No3- + NO2--N r^¡as determined on a Technicon Auto

Ana]-yzer system using a modificaLion of the automated calorÍmetric
procedure (Kamphake et al L967).

c- Ammonium + eÍmonia-N determination

Ammonirrm + ammonia-N was determined on 20-ml soil extracts using a

Fisher model 8014 pH/mV meLer equipped r.¡ith a orion Ammonia Electrode

model 95-10. The 20 ml extract was made up Lo a volume of 50 m1 using

distilled vrater. One-half m1 of 10 mol 1-1 uaou was added to the 50 rnl

solution and thoroughly mixed using a magnetic stirrer. The ammonia

electrode was inserted ínto the diluted extract solution and allowed to
equilibrate for approximately 30 s after rvhích a reading was taken.

Readings from the diluted exLract solution \^rere compared with readings

from sorutions of known ammonium concentration and sorution
concentration calculated.

d. Calcir¡m ion and Mg2+ determination

Calcium ion and Mg2+ concenLrations in solution were determined

using a Perkin-Elmer 560 Atorníc Absorption Spectrophotometer. Lanthanum

was used in the díluent to combine with interfering anions.
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e. pH determination

solution pH was determined in 10 ml extracts usÍng a Fí-sher,

Pencil combination Electrode model E-5M. and a Físher model 801 pH/mV

meter.

f. Ìtoisture c'ontent determination

soil samples were weighed and oven dried "; ii; ; r;; , u. o.'r"r,

dry weights v/ere then taken and gravimetric moisture contents

calculated.

ii. Soil characterization

a- Phosphorus determination

Phosphorus rlias extracted using NaHCO3 as described. by Olsen et al.
(L954). Phosphorus in solution was determined by the acid-molybdate

procedure as described by Murphy and Riley (1962).

b. Nitrate-N determination

Nitrate-N concentration was determined by the modified

phenoldisulphonic acíd merhod (Harper 1924).

c- Inorganic carbon determination

A 1.0-g sample of soil'$ras ïeacred wirh 50 ml of 0.1 M HC1 for l0
min. The Co2 evolved v¡as collected using an ascarite absorbtion tube.

Inorganíc carbon content was calculated from the weight change in the

ascarite absorption tube.
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d. Organic matteL determination

organic matter content of soil samples was determined by the

itlalkley-B1ack method as described by Allison (1965).

e. carci.r-rm ion, Mg2+, N** and K+ in NH4oAc extract determination

calcium ion, Mg2+, N"* and K+ concentrations were determined on a

rL-257 Atomic Absorption spectrometer. Lanthanum \¡ras used in the

díluent to combine with interfering anions in the caz+ anð, MgZ+

determination, ruhile lithiurn chloride was used for similar reasons in

the Na+ and K+ determination.

f- Particle sÍ_ze determination

Particle size was determine using the standard pipette method as

described by KiLner and Alexander (L949).

g. Field capacity determination

Field capacity moisLure content was determined by pracÍng a known

quantity of soil in polyethylene cylínders and wetting the soil surface

to one-third the depth of the soil . The soil and water r^rere allowed to

equilibrate for 5 d after which a sample of moist soil was taken from

the center of the cylinder. Samples were weighed and oven dried at 110

C for 2 d- Oven dry weights i,¡ere then taken and field capacity moisture

contents calculated.

h. Particle density determination

The particle density of the soíls was determined using a

modification of rhe method described by Blake (f965).
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i- Bulk density calculation (after packing soil col,mns)

Bulk densitÍes were calculated by dividing the volume of oven dry

soÍl present in the soÍl corumn by the oven dry weight of soil

occupying that volume.

j - Air fiIled porosity carculation (after packing soil coh:mns)

The air filled porosity of each soil was calculated after packing

each soil to its approprÍate bulk density. The air filled porosity v/as

calculated using equation 1. as described below.

Equation 1. N : [ ((f-BD/pD) X 1008) -o

ilhere: N : Air filled porosity

BD : Bulk densíty

PD : Particle density

o : Volumetric v/ater contenc (o : BD x Gravimetric water

content (w? ) )

2. Plant growth studies: plant uptake of p from dual N-p bands as

affected by various N fertiLizers

2-L. Growth study one

i- SoiI investigated

A I'Iillowcrest fine sandy loam soil (pH:7.0, noncarbonated) similar
in chemical and physícal characteristics to the neutral Stockton soil
used ín the chemical studíes v/as selected (Table 4.). The soil was air
dried and sieved through a 2-mm sieve prior to use.
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Table 4. Chemical and physical characteristics of the i^Iillowcrest and
Almasippi soils.

SoiI Series

NaHCO3 Ext. P (¡rg g-1)
No3-N (pe e-L)
Inorganic Carbon (tCaCO3)
Organic Matter (B)
NH¿-Ac Extractable:'"'?l 

(rnmol te-l)
YIE* (mmol te-l)
K+ (m¡nol ke-r)
Na+ itn*ol k;-ii

pH (soil-water)
ConducLivity (S rn-1)

l0
3

0.2
3.7

103.0
23.5
2.8
L.4
7.0
0. 013

3

11
4.r
2.7

98.8
75.9
1.s
6.0
8.4
0.04s

Ph]¡sical

Field Capacíty (B)
Texture

25
Fine Sandy Loam

22
Fíne Sandy Loam
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ii. Gro¡rth chamber conditions and procedures

Canola (Brassica napus var. I^Iestar), wheat (Triticum aestÍvum var.

columbus), and flax (Linum usitatissimum var. Mccregor) were grown in

15 kg of soÍl praced in polyethylene containers 33 cm rong, 22 cm wtde

and 23 cm deep. These crops r,¡ere selected as they are widely grown ín

ifestern Canada and have different abílitíes to utilize fertili zer p

from ferr i,rizer b;;;" ¿;;;,;; ; ;;;", ;.;;:;;). A day length of 16 h

and day-night ternperatures of 22 and 18 C were maintained in a Conviron

Model PGif 36 and a Foster Model GR 36 envíronmental growth chamber.

Mean light intensities ranged between 565 and 520 micro-Einstein m-l

s-l at the top of che crop canopy.

AII treatments were replicated three times and pots were arranged

in a completely randomized block design within the growth chamber.

canola, flax and wheat r,¡ere seeded. to a depth of.2.o cm in each soir
container. Tv¡o wk after seeding, wheat, canola and flax were thinned to

six, seven and eight plants per container, respectively. A gravimetrÍc

moisture conLent of 222 was maintained for the first 24 d, of growth,

after which a gravimetric v¡ater content of 26g was maintained.

Distilled v¡ater was added r.rhen gravimetric moisture conLent decreased

to about 19.5t.

32P irrt"rrsity during the seedring stage was monitored dairy using

a hand held Geiger-Mueller survey meter. 32p intensity was determined

by reading the average íntensity observed as the survey meter was moved

across the plant surfaces.
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iii. Fertílizer treatuents

PotassÍum and s as K2so4 were added to arl pots at a rate of 200

kg ha-l K and 42 kg ha-l s to ensure adequate K and s for optimal plant

growth' The K2So4 was dissolved in deionized v¡ater and then well míxed

v¡ith the soil as folrows: the soil was spread thínly in a polyethylene

contaíner and the dissolved K2so4 sprayed. onto the soil surface wÍth

continual- mixing.

Fertilizer creatments and placements studied \.{ere as shown in
Table 5. All fertilizers vrere dissolved in deionized waxer and applied

to the soil in 10 ml volumes usÍng an oxford 10-nl pipet. MAp r+as

labeled wirh 32p (7a MBq) as H3po4 in 0.02N HCl, such rhar each MAp

treatment received.1.48 x to6 nq l2r. All applications v¡ere made to

moistened soil and praced in bands of 20 cm length. The seed row was

approximately 20 cm long and located in the middle of the soil
contaíner 2 cm below the soil surface (Figure l.). Fertilizer bands

were either 2.5 cm below and beside the seed rovr or 7.5 cm below and

beside the seed row. rn treatments where N and p was placed separatery,

N and P bands were placed on opposite sided of the seed row (Figure

1. ) . Applícation rates were calculated to reflect fertilízer band

concentrations norrnally occurring under field. condition and ¡,¡ere

equivalent to a field application rare of 20 kg ha-l p and 70 kg ha-l N

\"¡ith a band spacing of 36 cm (N from MAp was not included in the above

calculation) .
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Table 5. Fertilizer and placement treatments for growth chamber
experiment one.

Fertilizers
Treatment N P Band Placement

l. Urea

Urea

MAP

MAP

MAP

MAP

MAP

none

Separate: N- 7.5 cm
beside

P- 7.5 cm
bes ide

Separat.e: N- 7.5 cm
bes ide

P- 2.5 cm
beside

Dual: N+P 7.5 cm
beside

Dual: N+P 7.5 cm
beside

Dual: N+P 7.5 cm
beside

N 7.5 cm
besíde

below and
the seed
beloru and
the seed

below and
the seed
below and
the seed

below and
the seed

below and
the seed

below and
the seed

belor^¡ and
the seed

5.

NH4NO3

(NH4) 2so4

Urea

Urea
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Figure 1. Fertilizer and seed placement.
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iw. Harvest procedures

i^Iheat and flax ¡r¡ere harvested 60 d after seeding while canola rvas

harwested 52 d afxer seeding. i^Iheat was harvested at the heading stage,

while canola and frax were harvested at the flowering stage. Total

above ground prant material was harvested and placed in pre-weíghed

paper bags. samples were dried for 3 d at 60 c in a forced air oven,

weighed and ground through a 2-mrn sieve using a Thomas-\^Iiley Laboratory

Mill model 4.

v. Plant analysis

a. Nitric-perchloric acid dÍ_gest of plant material

Five ml of HNo3 and 2.5 ml of HClo4 were ad.ded ro 1.0 g of prant

sample and allowed to equilibrate in digestion tubes for approxima¡ely

t h. samples were digested untir the sample solution was pale yelrow

using a Digestion system 40, 1006 Heating unit, heated to approximately

240 C. Digested sample solutions were transferred xo 25-ml wolumetrics,

brought to volume and allowed to settre overnight. An alíquot of
approximately 12 ml was transferred to a 15-mr polysLyrene tube and

stored for 3lp arrd 32p analysís.

b. 32P d"t"rrínation

32P rað'iatíon was analyzed by Liquid Scinrillation Counting usÍng

Beckman Ready sorw cp cocktair and a Beckman model 7500 counter.

c. 31P d"t"rrination

concentration of 31p i' solutíon rvas determined by the acíd-

molybdate procedure as described by Murphy and Riley (Lg62).
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2.2- Grow¡}:. study two

Methods and materíals folrowed for the second growth ehamber

experimenc r¡lere similar to those for the first experíment. An AlrnasÍppi

fine sandy loam soil (pH:8.4, carbonated) was selected for this study

(Table 4.). Soils \¡/ere pre-rreared wíth 10 pC g-I Zn ^, ZnCL, S pg g-L

cu as cuso¿* and K and s as described in the previous experiment.

Treatments and fertilizer placements vrere as shown in Table 6. All

treatments r¡/ere applied as previously díscussed, however treatment

number 8, the urea + MAP dual band was incubated for a period of 10 d

prior to seeding. MAP and H3po4 were labelred with 32p 
", H3po4 in

0.02 N HCl such rhar each treatmenr wíth MAp received 1.33 x tg6 B, l2r

and each rreatment with H3po4 received, r.2z x 106 Bq 32p. canola

(Brassica napus var. Ifestar) was the only crop grovrrr in this study.

A gravimetric moisture content of 1BB v¡as maintained for the first

29 d of growth, after which a grawimetric water content of 224 was

maintained. DisCilled r^rater was added when gravírnetric moisture content

decreased to about 15.5?. Forty d after seedíng additional N in the

form of calcium nitrate v¡as added to each pot at a rate of 35 kg ha-l.

Plants were harvested as described in experiment one , 52 d after

seeding. Due to differential growth among treatments only a portion of

the plants r¡rere at the flowering stage when harvested. prant growth

stage was determined using the revised growth stage key proposed by

Harper and Berkenkamp (1-9j5).
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Tabre 6. Fertilizer and placement treatments for growth chamber
experiment tr^¡o.

Fertilizers
Treat# N P Band.placement

1. Urea MAP Separate: N- 7.5 cm below and
beside the seed

P- 7 .5 cm below and
besíde the seed

Separate: N- 7.5 cm below and
beside the seed

P- 2.5 cm below and
beside the seed

Dual: N+P 7.5 cm belo¡,v and
beside the seed

Dual: N+P 7.5 cm below and
beside the seed

Dual: N+P 7.5 cm below and
beside the seed

N 7.5 cm below and
beside the seed

Dual N+P 7.5 cm below and
beside the seed

Dual N+P 7.5 cm below and
beside the seed

Dual N+P 7.5 cm below and
beside the seed

2. Urea MAP

3. NH4NO3 MAp

4. (NH4)2SO4 MAp

5. Urea

6. Urea

7. Urea

8. Urea *

MAP

none

HePOr.

MAP

MAPSU9.

* Incubated 10 d prior to seeding.
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IV RESIILTS AND DISGUSSION

1. Chemical Studies: The effect of warious N

Mg#, NH4* * NH3, No3- +

in dual N-P bands

fertí'Lí-zers on pH, Ca+,

NO2- and P concentration

1.1. pH distribution

After 4 wk of incubation the pH of the soils in columns without

added P or N remained relatively constant at approxímately 5. B, 7 .L and

8.8 for the acidic Stockton, neutral Stockton and alkaline Almasippi

soils, respectively (Appendix A.).

soir pH immediately adjacent to the fertilizer band, was above

that of the untreated soil when MAp or TSp was added to the acidic

stockton soil (Figure 2. ) . soil pH decreased to that of the contror

(pH:5.8) at about L.25 and.0.75 cm from rhe ferxLLízer band for MAp and

TSP, respectively. The increase in pH, of about 0.5 to 1.0 pH units

ímmediately adjacent to the fertilizer band \4ras most likely ¿ue to the

formation of bicarbonate salts with the cations (NHa+ and ca++) of the

P salts added.

The pH distribution curves for the urea + MAp, H3po4-urea + MAp

and urea + TSP treatments \^rere similar. These treatments increased soil
pH from 5.8 (control) to abour g.5 wirhin 2.15 ro 3.25 cm of rhe

fertilizer band. Soil pH near the fertilizer band was also increased

abowe that with MAP or TSP alone when urea or H3po4-urea vrere added.

The rarge increase in pH was attributed to the hydrolysis of urea and

the subsequent formation of NH4+ and HCO3-. These results are

consistent wíth results obtaíned by Overrein and Moe (Lg6l) who found
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surface applications of urea (896 kg ha-l¡ to increase reactí.on zone pH

from approxímately 6.5 to 8.8 v¡ithin 3 d of application. A pH of

approximately 8.5 was maintained throughout the 4 wk incubation period

Ín their experíment. Soil pH at about 5.25 cm from the applicatÍon site

decreased below that of the control for the urea + MAp, H3po4-urea +

MAP and urea + TSP treatments. The decrease in pH berow that of the

control vras most likely due to the oxidation of NH4*. Similar findings

r¿ere observed by Isensee and lfalsh (Lgj}) .

The addition of NH4OH to MAP resulred in pH changes similar ro

those noted for urea + MAP. However, the magnitude of the pH increase

and the distance from the fertilizer band to which pH vras increased

were less than that for the urea + MAP treatment. The lower pH may have

been the result of a hÍgher rate of NH4+ volaxlLization from NH4OH than

from urea. During volatilization, pH would decrease d.ue to the release

of H+ as NH4+ vras converted to NH¡("q) (Stevenson l9g2).

The pH distriburion resulring from rhe NH4NO3 + MAp and (NH4)2so4

+ MAP treatments did not differ greatly from that of MAp alone.

However, the pH was slightly lower than that of MAP near the niddle of

the soir column. This was probably the result of NH4+ oxidation.

rn the neutrar stockton soil (Figure 3. ) additions of MAp or TSp

decreased soil pH below that of the control within about 2.25 and,3.75

cm from the fertirizer band for TSp and MAp, respectively. The

reduction in pH vüas greater for the MAp treatment than for the TSp

treatment. These results are contrary to the results obtained for the

acidic Stockton soil, ín which an increase in pH was observed near the

fertilizer band. However, ít was noted that the pH of the soil within

1.0 to 2.0 cm of the band varied from about 5.5 ro 6.5 for borh soils
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when treated with liAP or TSP. pH values of 5.5 to 6.5 are consistent

with pH values in systems dominated by the H2P04- ion. The dissolution

of MAP results in saturation of the soíl adjacent to the ferxiLizer

band with H2PO4- ions. The incongruent dissolution of TSP results in

the formation of CaHPO¿*'2H2O and H3P0¿*. H3PO4 quickly dissociates ro

form H2PO4-. The pH of the acidic Stockton soil roas not greatly altered

since Íts initial pH was about 5.8. In conLrast the pH of the neutral

stockton soil decreased from 6.4 to about 5.4 with MAP and from 6.7 to

about 6.2 for TSP. Thus the pH near the fertiLizer band for both soils

\{as controlled by the P applied.

Urea + MAP, H3PO4-urea + MAP and urea + TSP treatments increased

soil pH near the application site above that of the control and above

that with MAP or TSP. However, the distance to which soil pH was

increased was less in the neutral Stockton soil than in the acidic

Stockton soil. In the urea treatments soil pH decreased below that of

the control at about 2.75 cm from the ferxLLizer band, then continued

to decrease to a pH of approximately 5.5 at about 4.75 cm from the

fertilizer band. Soil pH with the H3PO4-urea treatment decreased below

that of the control at about 3.25 cm from the fertilízer band then

continued to decrease to a pH of 6.0 at about 4.25 cm from the

fertilizer band. The decrease in pH was most likely a result of

nitrification.

The distribution of pH with the NH4OH + MAP treatment follov¡ed a

trend similar to that discussed for the acidíc Stockton soil. Soil pH

near the fertilizer band was slíghtly greater with the NH4NO3 + MAp

treatment than with MAP alone. At aboux 3.25 xo 1.25 cm from the

fertilízer band the soil pH was less with NH4N03 + MAp than with MAp
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a1one. This decrease in pH was attributed to nitrification. soil pH

with the (NH+) 2SO4 + MAP treatment followed a pattern similar to that

of NH4NO3 + MAP treatment. soil pH for the (NH4) 2so4 + MAp rrearmenr

was much less than that of MAP alone from aboux 2.75 to 6.25 cm from

the fertiLLzer band. The lower pH was attributed to oxidatíon of NH4+.

The shape of the pH distribution curve for MAP and TSP treatments

on the Alrnasíppi soil (Figure 4.) differed markedly from those obtained

for the other two soils. Soil pH immediately adjacent to the fertilizer

band decreased to about 7.5 when TSp or MAp was added. Soíl pH

increased to a pH of approxinately 8.7 at 3.25 and L.l5 cm from the

fertilizer band with MAP and TSP, respectívely.

The shape of the pH distribution curves wÍth urea + MAp, u.rea +

TSP, H3PO4-urea + MAP and NH4OH + MAP treatments \^rere simílar to those

observed for the neutral stockton soil. soil pH wirh the qnHa)2so4 d.ual

N-P band also behaved similarly to thaL discussed for the neutral

Stockton soÍl except that the pH increased slightly for the first three

sections then decreased as previously discussed for the neutral

Stockton soil.

The pH values encounLered in these studies were similar to those

observed by other researchers (Owerrein and Moe L967; Isensee and l^Ialsh

1970) studying soil pH's near the fertiLizer band. Tn general, the soil

pH near the fertiLizer band vras increased by the addition of alkaline N

carriers such as urea, NH4OH and H3PO4-urea. Despite the acidic nature

of H3Po4-urea, soil pH was similar to that of urea after 4 wk of

incubation. This indicates that the urea present in H3po4-urea

dominated the reaction zone pH. Acidic N carriers 1çNHa)2so4 and
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NH4NO3) resulted in soil pH's similar to that of the control and

slightly less than the control near the fertiLizer band.

1.2. Arnmonir¡m + :mme¡i¿-[J dístribution

The NH4+ + NH3-N concentratíons ín the untreated soils and soils

treated with TSP alone were negligible (Figure 5. ) .

The distríbutíon of NH4+ + NH3-N was generarly simirar among

Lreatments and soils. However, both the highest concentration of NH4+ +

NH3-N found in the soil and distance of NH¿*+ + NH3-N movement from the

apprication site varied with N fertilizer and v¡ith soil type.

The highest concentracion of NH4+ + NH3-N in the acidic Stockton

soil (Figure 5.) was found at about 0.25 cm from the fertíj-izer band

for all treatments except for (NH+) 2so4 + MAp and H3po4-urea * MAp, in

which the highest NH4+ + NH3-N concentration occurred at about 0.75 cm

from the fertilizer band. The highest NH4+ + NH3-N concentration was

greatest with the (NHa) 2so4 + MAP rrearmenr (approximarely 2400 LLE g-

1¡. art other N treatments resulted in a similar maxi-mum NH4+ + NH3-N

eoncentratíon (approxímarely 1000 pg 8-L). The NH4+ + NH3-N

concenLration with MAP alone was relatívely low and did not exceed a

concentration of 370 p,g g-L. The very high concentration of NH4+ + NH3-

N ín the ltuua)2So4 + MAP treatment \¡ras probably d.ue to two factors; l.

reduced nitrification of NH4+ to No2- or No3- due to a lower reaction

zone pH ( Pang et al. 1973), and 2. a reduction in NH3 wolarilization

resultíng from the release of H+ as NH4+ vras converted to NH¡("q). vlek

and stump (L978) found only 38t of N from a (NH4)2so4 solurion ro be

lost to NH3 volatilizatíon before volatilization ceased due to

decreased pH. In contrast, urea hydrolysis results ín the production of
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NH¿r+ and HCo3-. This process causes solution pH to rise and supplies

the solution with a buffering capacity to support NH3 volatilization.

These findings explain the lower NH4+ + NH3-N concentration r{hen urea-N

was added. The lower NH4+ + NHg-N concentration with NH4NO3 + MAp as

compared to (NH4) 2so4 + MAP was due ro rhe smaller quantity of NH4+

added with NH4N03 rhan wÍrh (NH4)2so4. Al1 salrs were added. ar

equivalent rates based on amount of total N added.

rn all treatments, NH4+ + NH3-N concentration decreased with

increasing distance from the zone of highest NH4+ + NH3-N

concentration, which occurred írnmediately adjacent to the fertilizer

band or within 0.75 cm of the fertilizer band. The rate at v¡hich the

NH4+ + NH3-N concentration decreased with increasing dístance from the

fertilizer band was similar for all treatments containíng a N

fertilizer excepr wich (NH4)2so4 + MAp or NH4OH + MAp. The rate of

decrease for (NH4) 2so4 + MAP or NH4OH + MAp r^ras greater than that of

a1l other treaLments. The NH4+ + NH3-N concentration decreased to at

least 50 pE g-L ^t 6.25 xo I .25 cm from rhe fertirizer band for all

treatments except for NH4OH + MAP, which decreased to a eoncentration

of about 50 pE g-1 
"t 4.75 cm from the fertílizer band.

Results obtained for the neutral stockton soir (Figure 6. ) were

similar to those obtained for the acidíc stockton soil. However, the

NH4+ + NH3-N concentration near the fertiLizer band was slightly

greater for the neutral Stockton soil than for the acidic Stockton soil

with all treatments. Ammonium + anmonia-N concentration was reduced to

less than 50 pg g-1 
"t about 5.25 cm from the fertilizer band for both

urea treatments, at 5.75 cm from the fertilizer band for (NH4) 2so4 +

MAP, NH4NO3 + MAP, and H3Po4-urea + MAp treatments and at 3.75 cm from
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the fertiLizet band for the NH4OH + MAP treatment. Decreased movement

of NH4+ + NH3-N for urea + MAP and NH4OH + MAP treatments when compared

to those of (NHa) 2so4 + MAp, NH4NO3 + MAp and H3po4-urea * MAp was

likely the result of increased nitrífication at the outer edge of the

NH4+ + NH3-N reaction zorre. High concentrations of No3- + No2--N were

found at the advancing front of the NH4+ + NH3-N curve wíth urea and

NH4NO3 dual N-P bands (secrion 1.4).

The highest concentration of NH4+ + NH3-N near the fertilizer band

and the distance of NH4+ + NH3-N movement varied with treatment to a

greater extent for the Almasippi soil (Figure 7. ) than for the other

two soils studied. The highest concentration of NH4+ + NH3-N found near

the fertirizer band decreased ín the order: (NH+)2so4 + MAp > urea +

MAP > urea + TSP > H3po4-urea + MAp > NH4N03 + MAp > NH4OH + MAp > MAp

: TSP. Ammoníum + ammonia-N concentration in the Almasippi soir
decreased with distance from the fertiLizer band at a greater rate than

was obserwed for the other soils. Ammonium + ammonia-N concentration

was reduced to less than 50 pg g-1 
"t about 4.25,3.75,4.r5,2.25,

4.25 and 3.75 em from rhe fertírizer band for the urea + MAp, (NH4)2so¿*

+ MAP, NH4NO3 + MAP , NH4OH + MAp, H3po4-urea + MAp and. urea * TSp

treatments, respectively. The rapid decrease in NH4+ + NH3_N

concentration was probably due to a higher rate of nÍtrification

occurring in the calcarious soil.

Very high NH4+ + NH¡-N concentratíons were obserwed for all N

treatments (eg. up ro 2800 pg g-1) in all soils. High NH4+ * NH3_N

concentrations in combinatíon with a high soil pH will result in high

NH3 concentrations, which can be toxic to plant roots (colliver and

i{elch 1970b) . Thus, N carriers whích increase the soíl pH and increase
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NH4+ concentration (urea, H3Po4-urea, or NH40H) would probably reduce

root growth near the fertiLízer band. strong and soper (L974a) found

root proliferation in the fertilizer band to be very import.ant for

fertilizer P uptake. Thus, a reduction in root gror¡rth would likely

result in reduced P uptake by plants.

The high NH4* + NHg-N concentrations indicate that there would

probably be sufficient NH4+ to facilitate an NH4+ ion effect even after

4 ¡,¡k of incubation.

1.3. Calcir¡m ion distribution

Both Ca2+ and Mg2+ concentrations in the soil

determíned. Magnesium íon concentrations reflected.

samples were

Ca2* concentrations

except that the Mg2+ concentratíons rüere much less than thos e of Ca2+

Due to the similarity in the ca2+ and l,Ig2+ distribution, only the

distributíon of Ca2* was shown and discussed.

Calcium ion concentrations for the controls remaíned relatively

constant throughout the soil eolumn at concentrations of about 50, 100

and 2OO pg E I fot the acidíc Stockton, neutral Stockton and alkaline
Almasippi soils, fespectively.

The distribution of ca2+ in the soil columns waried v¡ith treatmenr

and soíl type. Calcium ion concentrations in the acidic Stockton soíI
(Figure 8. ) treated ruith MAP remained constant with distance from the

fertilizer band. Calcium ion concentratÍon in the soil treated with TSp

vras greatest at 0.25 cm from the fertilizer band. then decreased rapidly
to untreated soil levels with increasing distance from the application
site. The high ca2* concentratíon near the fertilizer application site
was due to the Ca applied with TSp.
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The addition of H3PO4-urea or urea to MAp increased ca2*

concentration near the application site above that of MAp a1one,

whereas additíons of urea Lo TSP reduced Ca2* concentration below that

of TSP alone. The concenLration of Ca2* deereased below that of the MAp

with the urea + MAP and H3PO4-urea + MAP treatmenLs ax 2.75 cm from the

fetxTLLzer band. A similar decrease in Ca2+ concentration below that of
TSP was noted r,¡ith the urea + TSp treatment. The reasons for the

decreases Ln ca2+ concentration are unknown to the author.

The addition of NH4OH or NH4NO3 to MAp increased Ca2*

concenLration abowe that of MAp arone at about 3.75 and 2.25 em from

the fertiLizer band, respectively. The magnitude of increase was

greater with NH4N03 + MAP than wÍth NH4OH + MAP. The above increases in
ca2* concentration weïe attributed to the ',snovr prow,, effect (cho

1985). Ammonium ions from the fertirizer N moved into the soil and

exchanged for ca2+ ions on the soil exchange sites. As the NH4+ íons

mowed further into the soi1, they displaced. more and more ca2* such

that an accumulation of ca2* resulted just in front of the ad.wancÍng

NH4+ íon front.

The concenrration of ca2+ in rhe soil treated with luHa)2so4 + MAp

Íncreased rapidly from the application site to a distance of 3.25 cm,

then decreased rapidly to a distance of 5.25 cm. calcium íon

concentrations at 5.25 xo 8.25 cm from the fertilizer band v¡ere also

higher than with MAP alone. The íncrease in CaZ+ concentration at 5.25

to 8.25 cm from the ferxíl-Í.zer band. was probably due to the ,'snor^r plow,,

effect. The large increase in Ca2+ concentration near the fertiLízer
band was probably the result of (NH4)2so4 reacting wirh caco3 ro

produce CaSO4 (gypsrun) (Terman and Hunt Lg64). Given the high
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solubility of caso4 compared to caco3, a great"er amount of caL+ would

be extracted from the (NHa) 2SO4 xreatment than from other treatments.

Calcium ion concentrations for the neutral Stockton soil (Figure

9. ) were similar to that discussed for the acidic Stockton soil for the

MAP, TSP, NH4NO3 + MAP and (NH4)2so4 + MAp rrearmenrs. The ca2+

concentrations resultíng from the urea + MAp and H3po4-urea + MAp

treatments !¡ere similar to that of MAP near the application site, while

addítíon of urea to TSP reduced Ca2* concentratíon to less than that of
TSP alone. calcium ion concentratíons near the center of the soil

column with urea + MAP, urea + TSp and H3po4-urea + MAp treatments \,,rere

greater than that of the TSP or MAP. Increased Ca2t eoncentrations

corresponded to the advancing NH4+ front, indicating that the ,,snow

p1ow" effect may be responsible for the increase in Ca2* coneentration.

Increased Ca2* concentration also corresponded to decreases in che pH

resulting from the oxidation of free NH4+. Increased sotubilíty of Ca

salts such as caco3 due to the lower pH may also have contributed to

the enhanced Ca2+ concentration.

The concentration of Ca2+ for the neutral Stockton soil was much

greater than for the acidic Stockton soil. This vras most likely d.ue to

higher earbonate levels in the neutral Stockton soil than in the acídic
Stockton soil.

The treatment effects on Ca2+ distribution for the ALnasippi soil
(Figure 10.) were símilar to that of the Stockton soils. However,

concentrations of Ca2+ were much higher than for the Stockton soíls due

to the high percenrage of caco3 in the Almasíppi soil. Also, rhe

distribution of ca2+ for the Almasippi soil treared vüirh (NH4)2so4 +

MAP was slightly different from that of rhe other soils in that rhe
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ca2* coneentration immediately adjacent to the ferxlLizer band was

extremely high, then decreased rapidly. calcíum ion concentration

increased then decreased for the other two soÍls. The very high

concentration of Ca2+ immediately adjacent to the fertiLLzer band was

probably the result of large amounts of ca2+ solubilized by the

lwHa) ZSO+. Since the Almasippi soil contained much higher

concerrtrations of Cac03 than the other two soils, a larger quantity of
ca2+ ¡.¡ould be solubirized. per unit wt of soil. The large quantity of
ca2+ solub íri'zed would be expected to react with surfate near the

fertilizer band resulting in the formation of large amounLs of caso4

irnmediately adjacent to the fertilizer band.

There appeared to be a "snow plow" effect for all soils treated.

with a N fertilizer except for the acidic Stockton soil treated with
eicher urea or H3Po4-urea dual N-p bands. However, due to the

concomitant decrease in pH (due to nitrifieation) , increas ed ca2+

concentrations may also be due to increased solubility of ca

precipitates.

Calcium ion concentratíon near Lhe fertílizer application site
should hawe decreased compared to MAp or TSp alone if the applícation
of the N fertilizer resulted in displacement of soil ca2+ and Mg2+ from

the site of application ("snow plow" effect). However, large reductions

in the Ca2* concentration near the application site were not generally

observed. This was probably due to the presence of caco3 in the soils.
rn soils containing caco3, the concentration of ca2+ ín Lhe soir
solution is governed by caco3 equilÍbrium. Thus, as long as caco3 Ís
present, a minímum concentration of ca2+ in the soir solution will be
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maintained regardless of displacement of ca2+ from the site of

application by the N fertilizer.

1.4- Nitrate + nirrite-N distriburion

Nitrate + nitrite-N concentrations in the non-treated soils

remained relatively constant throughout the soil column at

concentraLions of about 50 pg g-1 for the tv¡o stockton soils and at
about 75 pg g-1 for rhe Almasippi soil.

concentrations of No3- + No2--N for the acidic stockton soir

treated with MAP and TSP were relatively constant throughout the soil
column (Figure 11.). However, the No3- + No2--N concentrations for soil
treated with MAP were slightly greater than that of soil treated with
TSP throughout the soil column. This was due to the nitrification of
NH4+ applied as MAP.

Nitrate + nitrite-N concentrations at about L.75 cm from the

fertilizer band were hígher wíth urea + MAp, urea + TSp, and H3po4-urea

+ MAP treatments than for untreated soil or soil treated with p

f.ertLLizer alone. A decrease in soil pH concomitant vrith the higher

concentrations of No3- + No2--N indicated that nitrification ivas

responsibre for the increase in No3- + No2--N concenLrations.

Concentrations of NO3- + No2--N immediately adjacent to the fertilÍzer
band vrere not increased above that of MAp despite adequate

concentrations of substrate (NH4+) for nitrification. The absence of
Large quantitíes of No3- + No2--N at rhe applicarion site was probably

a result of reducLions in nitrÍfication due to high NH3 concentratíons

near the application site. Free NH3 typically inhibits the oxidation of
No2- to No3- by Nítrobacter (Aleern and Alexander 1960). rn addition,
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high osmotic tensions near ttre application site, resulting from high

nutrient concentrations, may have reduced microbial activity and thus

reduced nitrification (Johnson and Guenzi, 1963).

rn contrast to the urea or H3po4-urea duar N-p bands, No3- + No2--

N concentrations resulting from the NH4oH + MAp treatment were much

greater near the applicatíon site than from the MAP treatment. This was

probably the result of a more conducive environment for nitrification

with the NH4OH dual N-p band than viith the urea or H3po4-urea dual N-p

bands. The pH and NH4+ concentration near the application site were

lower for the NH4OH dual N-p band than for the urea or H3po4-urea dual

N-P bands. The lower pH would tend. to reduce NH3 concentration allowing

nitrification to occur near the fertilízer band. rncreased No3- + No2-_

N concentration at about 3 cm from the fertilizer band was attributed

to Ëhe rapid nitrifícation of NH4+.

The NH4NO3 dual N-p band resulred. in high NO3- + NO2-_N

concentrations near the apprícatíon site due to the additíon of
nitrate-N. The concentration of No3- + No2--N d.ecreased rapidly with
distance but remained above that of the control treatments at arl
distances from the ferrilizer band. The (rqHa)2so4 dual N-p band

increased NO3- + No2--N concentration slightly above that of MAp alone

at about 3.5 cm from the fertilizer band. Near the fertiLízer band No3-

+ NO2--N was slightly lower than rhar of the control.

Nitrate + nitrite-N concentrations for the neutral Stockton soil
(Figure 12.) were usually higher than for the acidic stockton soil.
Thís was due to a greater rate of nitrification ín the neutral soil due

to a more suitable soil pH for microbial activity. An acidic soil



60

î
o)
o)
r,

E

oL

6
O
çU
O

r'0J
O
Z-
-+-| (-)

O
z_

i t00

iooo 
¡

*of
800 l-

I

7oo I
ô00

500

400

300

?00

r00 L

?3456
Distrrce frmn oppl icotlon

18
s i te (c¡n)

I t00

I 000

000

800

700

m0

500

400

m0

zu

t00

00 I 2 3 4 5 6 7 I s t0

Distorce frrn opplicotion site (on)

Figure 12. Effect of various N fertilizers on NO3-+NO2--N concentratíon
in dual N-P bands after 4 wk of íncubation - neutrar
Stockton soil.

ûi"--:0t

;gt

U)f

E

o
L

6()
ç,
TJ
O

lôJ
Oz
+

rr)(]z

o Ureo + þtr
x Ureo + TSP

^ l.tst40l-l + l'tr
+ TSP

o l'{ÊP

+.-¡-'+-+--{-+--i i- T- æ-o-6:¡:¡=-fr=-Ë=É:f; "

o (lùlo)2S04 + MFP

s HsPfi+-ures * l'fiP

. IH4N03 + MRP

@ cü\rt-Rcl



61

environment such as that of the acidic Stockton soil r^¡ould inhibit

microbial activity and reduce the nitrification rate (Alexander L977).

Nitrate + nitrite-N concentrations in the soil treated with MAp

were slightly greater near the application site than in the remainder

of the soil column. \^Ihereas NO3- + NO2--N concentrations with TSp r.¡ere

relatively constant with distance from the fertilizer band and

approximaÈed that of the control treatment.

The distribution of No3- + No2--N for the neutral stockton soil

treated r,¡ith urea + MAP, urea + TSp, and H3po4-urea + MAp was sÍmilar

to that of the NH40H + MAP treatment for the acídic stockton soil.

Increased NO3- + NO2--N near the fertilizer band probably resulted from

diffusion of NO3- + NO2--N from area of high NO3- + NO2--N

concentrations as well as from nitrification of the NH4 at the site of

application.

Nitrate + nitrite-N concentrations resulting from applicatÍons of

1wH4) 2so4 + MAP or NH4NO3 + MAp were similar to rhose for the acidic

stockton soil. Hor,¡ever, No3- + No2--N did not decrease near the

application site wíth the (Ntt+) 2SO4 + MAp trearmenr.

The addition of MAP ro the Almasippi soil (Figure 13. ) increased

N03- + NO2--N near the fercilizer band due to nitrification of the NH4+

added as MAP. Nitrate + nítrite-N concentrations in soíI treated v¡ith

TSP were similar to that of the untreated soil.

All N treatments except NH4OH resulted in a reduction in the No3-

+ NO2--N concentratíons near the application site when compared to MAp

alone. This was attributed to a reduction in nitrificatíon due to high

NH3 concentrations. Nitrate + nitrite-N concentrations increased for

all N treatments with increasing distance from the applícation site.
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The concentrations of NO3- + No2--N for the Almasippi soil were

greater than for the other two soils, with all treatments. This was

probably due to the generally higher pH of the Almasippi soil resulring

ín a soil environment conducive to nitrification.

Nítrification was shown to occur with all N treatments for all

soils. The exLent to r,¡hich nitrífication occurred varied both with N

treatment and soil type. Nitrification was greatest for the Almasippi

soil probably due to the hígh pH of this soil. Similarly, nitrificarion

was higher for the neutral Stockton soil than for the acidic Stockton

soil.

A high concentration of NH4+ in the fertil,i'zer P band is needed to

manifest an NH4+ ion effect on p uptake by plants (soper and Rennie

1958). Since nitrificatÍon rates were greater in the alkaline than in
the neutraL ot acidic soils, it would be expected that the effect of
the N fertilizer on P fertilizer uptake would be less persistent in the

alkaline soi1. However, it should be noted that large amounts of NH4+ +

NH3-N !'lere present for all soils, even after 4 wk of incubation. Thus,

if large amounts of N are applied, such as vras the case in these

studies, sufficient NH4+ + NH3-N wourd be present to manifest a

relatively long term ammoníum ion effect despite relatívely high

nitrification rates.

1.5. Phosphorus

i. Movement of

Phosphorus concentration usually decreased with distance from the

It was difficult to determine the exact distance to

P moved since P concentrations at the periphery of the

P

fertílizer band.

which fertilizer
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reaction zone were only slightly higher than that of the untreated

soil. The following criterion was adopted to determine whether or not a

partícular soil section contained ferxilizer p. Fertilizer p was

considered to be present in a section if che soil P concentratÍon was

at least one standard deviation greater than the average section p

concentration in the untreated soil (Appendix A. ) .

Movement of fertilizer P from dual N-P bands was affected. by both

soil type and type of N fertlLLzer applied (Table 7.). Disrance of p

movement from MAP in the acidic stockton soil was increased by

additions of urea or H3PO4-urea, while movemenL from TSP was increased

by the addition of urea. The addition of (NHa)2So4 ro MAp had no effecr

on fertilí-zet P movement whereas additions of NH4OH or NH4NO3 reduced

fertilizer P movement v¡hen compared to that of MAp alone.

Distance of fertilizer P movement from MAP in the neutral Stockton

soil raias increased by the addition of (rvn¿) 2so4 or NH¿*OH, with the

greatest increase resulting from rhe addirion of (NH+) zso+. Additions

of NH4NO3 had no infruence on fertirizer p movement, while urea or

H3Po4-urea reduced fertilizer p movement from MAp. Movement of

f.erxirízer P from TSP v¡as decreased by the addition of urea.

For the Almasippi soil, fertilizer p mowement from MAp was

increased by additions of urea or H3po4-urea, but vras not affected by

(NH+)2504, NH4NO3 or NH4OH additíons. Movement of ferriLizer p from the

TSP band was simílar to that from MAP and was increased by the addition

of urea.

Movement r¡7as generally greater for the non-calcareous Stockton

soils than for the calcareous Almasippi soil. These results support the

findings of Lewís and Racz (L969), who found fertilizer p movement in
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Tabre 7. Fertilizer P movement for the Almasippi, and neutral and
acidic Stockton soils.

Treatments Almasippi

Fertilízer P movement from the application site (cm)
Soils

Stockton Stockton

1. Urea + MAP

2. (NH¿)2S04 + MAP

3. NH4NO3 + MAP

4. NH4OH + MAP

5. H3PO4-urea * MAP

6. MAP alone

7. Urea + TSP

8. TSP alone

ka1
2.25 ax

0.75 b

0.75 b

0.7s b

2.2s

0.75

2.25 a

0.75 b

L.75 e

4.75 a

2.25 ed

3.75 b

L.75 e

2.75 c

I.7s

2.2s

4.25 a

3.25 c

2.75 d

2.75 d

3.75 b

3.25 c

4. 00

2.75

4

b

ab

d

e

d

:k Duncan's Multiple Range Test. Means,
letter are not significantly different

within columns, with the same
at the 0.05S probabiliry level.
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calcareous soils to be less than that in non-calcareous soils. The

authors attributed reduced movement to the high soil pH and high ca2+

and Mg2+ concentrations in the soil solution of calcareous soils Large

amounts of ca2+ and Mg2+ from caco3 and dolomite would be expected to

result in the precípitation of fertilizer P near the application site
thus restricting fertíLÍzer p movement.

The effect of the N fertilizers on P movement was similar for the

acidic stockton and Almasippí soils, with additions of urea or H3po4-

urea increasíng P movement from MAP and additions of urea inereasing p

movemenL frorn TSP. For the neutral Stockton soil ferxl1izer p movement

from MAP was increased by the addirion of (NHa) 2so4 or NH40H. An

increase in the size of the reaction zone as noted for the above

treatments would be expected to increase uptake of p by plants which do

not strongly proliferate roots into the reaction zorLe or have roots of
a relatively low absorption capacity (strong and soper L974ab).

ii. Solubility of p

Solubilíty of P as affected by varíous N fertilízers rnras expressed

for each soil and treatment as total mg of p extracted by water from

the entire soil column (Table 8. ) .

Phosphorus solubility in the acidíc Stockton soil was increased

above that of MAP alone when urea, NH4OH or H3po4-urea \¡/ere added to

MAP. solubility of p from MAp r,¡as not affected by the addition of
(NH+)2so4 and was decreased by the addirion of NH4NO3. phosphorus

sorubility from TSp was increased by the addition of urea. rt wourd

appear that the addition of strongly alkaline N fertilizers such as

NH4OH or urea increased the solubílity of p in Èhe acídíc stockton
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Table B. Total rÀrater soluble p content of each treatment for the
Almasippi, and neutral and acidic Stockton soíls.

Total water soluble p ,/ column (ms)
SoÍ1s

Stockton StockconTreatments

2. 1NH4)2S04 + MAP

3. NH4NO3 + MAP

4. NH4OH + MAP

5. H3PO4-urea * MAP

6. MAP alone

7. Urea + TSP

8. TSP alone

Almasíppi

3.6d

3.7d

8.5a

6.7b

5.7c

5 .6c

8.la

25.7b

L7 .2e

2L.}ed

23.4bc

19.3dc

20.7dc

16.3e

20. lde

18 .0d

30.7a

28.9b

20 .6d

25.7c

18.6fe

9. none 1.1e 2.2f 2.2s

x" Duncan's Multiple Range Test. Means, within columns, with the sameletter are not significantly different at the 0.05s probability level.
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soil. This observation hras supported by results obtained by Hanson and

i,Iestfall (1985), who found additions of strongly alkaline N ferriLLzers

with APP to result in the formaËion of relatively available ca-

phosphate reaction products, when applied to acidic soils. In contrast,

less available iron and aluminum-phosphate reactíon products (strengite

and wariscite) were formed when APP (acidic P fertilizer) was added

alone. Thus, the precipitation of ca-phosphates rather than íron and

aluminum-phosphaLe may partially explain the increase ín p solubilicy

observed for the acidic Stockton soil.

The solubility of P from MAP for the neutral Stockton soil was

íncreased by the addition of urea, (NH4) 2so4 ox H3po4-urea. phosphorus

solubility from MAP r^ras not influenced by NH4N03 or NH40H additions.

solubility of P from TSP was increased by the addition of urea.

statistically significant increases ín p solubilicy wÍth urea or

(NHa)2so4 additions were probably due to the so called "snovr plow"

effect described by cho (1985) and described on page 11 of rhis

manuscript. The "snow plow" effect results in the dísplacement of Ca2+

and Mg2+ ions from the soil exchange by the advancing front of NH4+

resulting from the addition of NH4+ N fertilizers. Displaced Ca2+ and

Mg2+ ions are pushed ahead of the advancing front of NH4+ resulting in

a depletion of ca2+ and Mg2+ at the site of application and an

accumulation in ca2+ and Mg2+ at the advancing front of NH4+. A

reductíon in Ca2+ and Mg2+ concentration at the ferti:rízer p reaction

zone would be expected to reduce the precipitation of ca and Mg-

phosphates. The "snow p1ow" effect was also observed for the NH4NO3

application. However, increases in P availability v/ere not observed.

This was probably due to íncreases in Ca2+ and Mg2+ concentrations near
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the fertil-Í'zet band resulting from the low pH created by the addition

of NH4NO3 with MAP.

rncreased P solubírity resurring from the addirion of (NH4)2so4

may be due to increased reaction product solubility. rn studies by

Bouldin and sample (1958) addirions of (NH+)2so4 ro csp decreased rhe

amount of P precipitated at the placement site and increased ferxiLizer

P content in the reaction zorre. However, it is unknown to the author

why this effect only appeared for the neutral soíl.

The solubility of P for the Almasippi soil vzas much less than that
of the other tv¡o soils. The lower solubility of fertLLizer p was

attributed to the high pH and high ca2+ and Mg2+ concentrations ín the

soil solution of the Almasippi soil. Large amounts of ca2+ and Mg2+

from caco3 and doromíte would reduce p solubility fírstly by

precipitation and secondly by reducing solubility through common ion

effects.

Solubility of P from MAP was increased with the addition of urea,

NH4OH or H3Po4-urea, while additions of (NH+) 2so4 or NH4N03 d.ecreased p

solubility. Phosphorus solubility from TSp v¡as íncreased by the

addition of urea. Increased P solubility may have been a result of the

"snow plow" effect. Decreases in p solubirity resulting frorn the

additíon of NH4NO3 or (NH4)2so4 to MAp were probably relared ro rhe

dissolution of caco3 and dolomite as a result of the low application

site pH created upon application of these N carriers. High ca2+ and

Mg2+ concentrations would be expected to reduce the solubility of
fertilizer P due to precipitation of ca and Mg-phosphates and through

conmon ion effects.
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rn general, P solubility frorn MAp or TSp was increased when

alkaline N carriers r¡rere added. The increase in solubility v/as

attributed to the "snow plow" effect for the neutral and. alkalíne soils

and to changes in the nature of the reaction products as a result of pH

changes for the acidic soil. For the acidic soi1, alteration of

reaction products due to large pH changes may have oecurred. i,iestfall

and Hanson (1985) indicated thar ca-phosphates form at a hígh pH, while

aluminum or iron-phosphates form at a lower pH. rn our study, the

addition of alkaline N carriers Íncreased the reaction zone pH probably

leading to the formation of Ca-phosphate reaction products rather than

iron or aluminum phosphates. Due to the higher solubility of ca-

phosphates compared to iron or aluminum phosphaLes, increased p

solubility would be expected. For the soils with a higher pH the effect

ruould not be expected since the soil pH would generally be too high for

iron or aluminum phosphate formation.

For the neutral and alkaline soils, increased p solubility

resulted from the addition of alkaline N fertirizers (increased p

solubilÍty due to the addition of H3po4-urea and. NH4OH were

statistícally nonsignificant on the neutral soil). These increases in p

solubility \¡rere probably due to reduced ca2* concentrations near the

fertílizer band resultíng from the "snorr¡ plow,' effect. However, large

reductions in ca2+ concentration near the application site were not

generally observed. This was probably due to the presence of caco3 in
the soil or the extraction proceduïe may have resulted in ca2+

concentratíons larger than that actually found in the soir solution.

This would be expected since a large soil to extractant ratio was used

in the extracËíon procedure. A large soil to extractant racÍo would
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allow ca2+ from ca precipitates co come into solution. The vigorous

shaking used in the extraction procedure would also expose new soil

surfaces to the extracting solution allowing more ca2+ into solution.

Phosphorus solubility from MAP was decreased by the addition of

acidic N carriers (NH4N03 or (NH4)2so4) on the alkaline soil. This was

probably due Ëo the acidic natufe of these N carriers increasing the

solubility of CaCO3 and dolomite near the application site. Increased

concentrations of. Ca2+ and Mg2+ in the soil solution v¡ou1d enhance the

formation of Ca and Mg-phosphates, increase common ion effects and thus

decrease P solubility. The addition of acidic N carriers to the neutral

and acidic soil generally resulted in P solubilities similar to those

of MAP alone, except when (NH4)2so4 was added to MAp on the neutral

soil.

rncreases in P solubilíty have been shown to increase the p

absorption rate per unit root area (carter and LathweLL L967). Thus, it

is likely that increased solubility of p as noted. for the above N

treatments would result in increased absorptíon of p by a plant.

iii. Phosphorus distriburion

The P concentration for the controls remained relatively constant

throughout the soil column at concentrations of aboux 9 pg g-1 for the

stockton soils and at about 5 pg g-l for the Almasippi soi1.

Phosphorus concentration for the acidic Stockton soil (FÍgure 14.)

generally decreased with increasing distance from the application site

wíth all fertilizer treatments except with H3po4-urea + MAp. wirh the

H3Po4-urea + MAP treatment P concentration increased for a short

dÍstance then decreased. Although the general shape of the p
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discribution curves r¡rere as described above, differences in the rate at

whích P concentration decreased with increasing dÍstance from the

fertilizer band and dífferences in the magnitude of P concentration

were observed among treatments.

The P concentration near the application site with the H3pO¿*-urea

+ MAP, urea + MAP, NH40H + MAP and urea + TSp treatments was Ereaxer

than that with either MAP or TSP. Phosphorus concentration generally

decreased less rapidly with distance for the MAP and TSP treatments

than for the NH4OH + MAP, H3po4-urea + MAp, urea + MAp and urea + TSp

treatments ' The rapid decline in P concentration for the dual bands

resulted in P concentrations below that of MAp and rsp at aboux 2.25

and 1.75 cm from the application site, respectively. This índicates

that increased P solubility was the result of a gree:xer p concentration

near the applieation site. Increased fertilizer movement as diseussed.

in section 4a. for the H3Po4-urea + MAp, rlrea + MAp and urea + TSp

treatments indicates an increase in P solubitity at greater distances

from the application site. However, these increases were small in

comparison to increases in solubility of P ímnediately adjacent to the

fertilizer band. The addirion of (NHa)2so4 and NH4N03 ro MAp did nor

result in any apparent changes in p distribution.

The shape of the P distribution curves for the neutral Stockton

soil (Figure 15.) were as described for the acidic Stockton soil. The p

concentration adjacent to the fertilizer band v¡as similar with the

NH4OH + MAP, H3Po4-urea + MAp, NH4N03 + MAp and MAp treatments, whire p

concentration resulting from the urea + MAP and urea + TSp treatments

lnere greater than that v/ith MAP or TSP alone. Phosphorus concentration

decreased wíth distance from the fertiLizer band for all treatments
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except the H3Po4-urea + MAP treatment. However, the rate of d.ecrine Ín
P concentration with increasing distance from the application siLe was

less with the (NH4) 2SO4 + MAP treatment than with any other treatment.

As a result, Lhe P concentration was above that of MAp alone at
distance of 0.75 cm to about 4.0 cm from the dual N-p band. All other

treatments follov¡ed a similar trend to that discussed for the acÍdic
Stockton soil. It would appear that increased P solubility due to the

(NHa) 2SO4 + MAP treatment was the result of increased p solubilíty in
the reaction zone away from the application site. Increased solubility
of P resulting from the additíon of urea to both MAp and TSp appeaïs ro

be due to íncreased solubility of p near the applicatíon site.

The P concentration distributíon for the Almasippi soil (Figure

16.) was simílar to that of the Stockton soirs. Howewer, p

concentrations near the apprication site rvere slightly less and the

rate of decrease in P concentration with increasing distance from the

fertilizer band \,üas greater than that observed for the other two soils.
This was attributed to the high soíl pH and carbonate content of the

Almasippi soil. High soil pH and high carbonate content have been shown

to reduce P solubiliry in p fertilizer bands (Lewis and Racz 1969).

The P concentration adjacent to the fertilízer band ì,ras greater
with the ureâ + MAP and NH4OH + MAP treatments than with MAp a1one. The

concentration of P with urea + TSP was less than that \,¡ith TSp alone.

Phosphorus concentration decreased rapidly with increasing distance

from Ëhe fertilizer band with a1l treatments. For the NH4OH + MAp

treatment, P concentration decreased to that of the MAp alone at about

0.75 cm for the fertilizer band. For the urea + MAp and urea + Tsp

treatments, P concentration did not decrease to that of the control
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until about 2.25 cm from the application síte. The P distríbution for

H3Po4-urea + MAP was similar to that of the urea + MAp treatment.

Addition of (NH+) 2So4 or NH4NO3 to MAP decreased the p concenrration at

the applicatíon site, while the P concentration at about 0.75 cm from

the fertilízer band was similar to that of MAp. As a result of the

reductions in P concentration near the application site, additíons of

luHa) 2So4 or NH4N03 to MAP reduced P solubilíty in rhe entire reacrion

zone below that of MAP alone. Increases in P solubility with urea * TSp

and urea + MAP were the result of increased solubilíty of p throughout

the reaction zone. Increased P solubility with the addition of NH4OH to

MAP v¡as the result of increased solubility at the application site.

1.6. Summary and implicatÍons

Phosphorus movement vras generally greater for the Stockton soils
than for the Almasippi soil regardless of treatment. phosphorus

movemenL vras not consistently increased by any particular treatment.

Phosphorus solubility from MAp r,ras generally increased by the

addition of alkaline N carriers such as urea, H3po4-urea ot NH40H.

rncreases in P solubílity were probably due to either Lhe ,,snow plow,'

effect in the alkaline soils or a change in the nature of reaction
products in the acidic soil. Increased P solubilicy has been found to
increase uptake of p per unit root area (carter and Lathwell Lg67).

Increases in P solubility away from the application site were generally

smalr compared to those increases in solubility near the application
site.

High pH and high concentratíons of NH4+ + NH3-N were found near

the application site for all soils treated with urea, NH4OH and H3po4-
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urea. High NH4+ + NH3-N concentrations when coupled with high pH have

been shown to result in high concentrations of NH3 which are toxic to

plant growth (Colliver and l"Ielch L970). Reduction Ín root gro\^rth near

the application site resutting either directly or indirectly from NH3

toxicity would be expected. ReductÍon Ín root growth in the fertiL¡2er

band would decrease fertilizer p uptake. These conditions would be

expected Lo occur when urea, NH4OH or H3po4-urea are applied with MAp

or TSP.

High NH4+ + NH3-N concenLrations indícate that NH4+ concentratíons

were sufficient to manÍfest a long-term NH4+ ion effect despite NH4+

losses due to volatilization and nitrÍfication during the 4wk

incubation period.
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2- Plant growth study: Plant uptake of p from dual N-p bands as

effected by various N fertil-í.zers

2-L. Experiment one

i. Days to 32P uptake

The interval of time between seeding and initiation of fert íLizer

P uptake varied with treatment and crop species (Table 9. ) . FerxíILzer

P uptake from dual bands commenced at a later date for eanola and flax
than for wheat. The period of time prior to fertilizer p uptake from p

placed close to the seed rov¡ was relatively similar for a1l crop

species (6 to 8 d after seeding). However, when the p band was placed

separately from the N fertilizer and far from the seed row, days to

initiatÍon of fertTLLzer P uptake vras greater for both canola and flax
than for wheat. Differences Ín the rate of root growth to the

fertirizer band may be due to dífferences in root morphology among the

species of the plants used. canola and flax have a tap root system

whereas wheat has a fibrous root system.

Days to initiation of fertlLizer p uptake by canola and. flax
increased in the order: urea + MAp separate (MAp 2.5 cm below and

besíde the seed and urea 7.5 em below and beside the seed) < (NH4)2s04

+ MAP: NH4NO3 + MAP: urea + MAp separate (7.5 cm below and beside the

seed) ( urea + MAP. Fertilizer p uptake by wheat from the urea * MAp

dual band commenced at a later date than from all other treatments.

rn all crops, days to initiation of fertÍlizer p uptake from urea

+ MAP dual bands placed 7.5 cm below and beside the seed. were greater

than those resulting from urea and MAp placed. separate]ry 7.5 cm below

and beside the seed. This indicates that the distance between the p
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Table 9. Days before upLake
seeding for canola,
soil.

of 32P, as measured from the date of
wheat and flax growrt on a l^Iillowcrest

Treatments ¡"vs ¡ef"re pY UpleEg_
Fertilizer Band placement canola l^Iheat Flax

1. urea and MAP N-7.5 cm below and 15.0 b* 9.0 bc 15.3 bseparately beside the seed
banded p-7.5 cm belo¡ar and

beside the seed

2. urea and MAP N-7.5 cm below and 5.5 c 8.0 c 8.0 cseparately beside the seed
banded P-2.5 cm below and

beside the seed

3. NH4NO3 and MAP 7.5 em below and 15.0 b 10.7 b r5.3 bdual banded beside the seed.

4. Urea and MAP 7.5 cm below and 2Z.O a I4.l a 2Z.l adual banded beside the seed

5. (NHa)2so4 and MAP 7.5 cn below and 13.0 b 9.i bc 15.7 bdual banded beside the seed

* Duncan's Multíple Range Test. Means, within columns, with the sameletter are not significantly different at the 0.058 probability 1evel.
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band and the seed rora/ I¡ras not compleLely responsible for the delay ín

fertlLtzer P uptake. The additional delay in fertilLzer p uptake was

probably due to a lack of root growth into the fertilízer band,

resulting from high concentratíons of NH3 and/or No2- in the MAp

reaction zotre. rn the chemical studies, high soil pH walues and, high

concentrations of NH4+ + NH3-N were observed near the urea + MAp dual

band. Nitrite-N may also have been present in the reaction zorre. In the

presence of high concentrations of NH3, the oxidation of NO2- to No3-

by Nitrobacter can be retarded resulting in the accumulation of No2-

(Aleem and Alexander 1960). HÍgh concentrations of NH3 or No2- have

been shown to be toxic to plant growth (court et al . Lg64; coliver and

i,rIelch 1970ab; Goyal and Mulfaker 1984) and would restrict roor growrh

into the fertilízer band.

ii. Final harvest

The stage at which aI1 crops were harvested was relatively uníform

among treatments. canola and flax were harvested at the flowering

stage, whíle wheat v¡as harvested aL the heading stage.

Dry matter yield of wheat and flax r,rras not significantly affected

by treatment (Table 10. ) . The lack of yield response to the addition of
fertílizer P vras unexPected sínce soil P concentrations, as determined

by sodiurn bicarbonate extraction, did not appear to be adequate to

sustain optimal plant growth. yield of canola was hígher with

r,ertlLizer P placed near the seed. and. with che NH4No3 dual N-p band

than without added P.

Fertilizer P uptake varied with crop species and was generally

greatest for canola and least for flax (Table 11.). strong and soper
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Table 10. Total dry weight as affected by ferxiLt-zer treatment for
canola, wheat and flax growrt on a i^iillowcrest soÍl.

Treatments Drv weisht lsrams)

Fertilizer Band Placæn!________Ce4ala i^Iheat Flax

1. urea and MAP N-7.5 cm below and 46.2 ab* 46.2 a 2L.3 a
separately beside the seed
banded P-7.5 cm below and

besíde the seed

2. urea and MAP N-7.5 cm below and 48.7 a 46.3 a 2o.o a
separately beside the seed
banded P-2.5 cm below and

besíde the seed

3. NH4NO3 and MAP 7.5 cm below and 48.7 a 4L.2 a L9.l a
dual banded beside the seed

4. urea and MAP 7.5 cn below and 46.8 ab 46.3 a 2o.2 a
dual banded beside the seed

5. (NH¿)2SO4 and MAP 7.5 cm below and 4i.2 ab 44.2 a L9.6 a
dual banded beside the seed

6. Urea alone 7.5 cm below and 40.1 b 40.5 a L9.l a
beside the seed

* Duncan's Multiple Range Test. Means, within columns, wíth the same
letter are not significantly different at the 0.05s probabilicy 1evel.
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Tab1e 11. Percent fertilizer P utilized by canola, wheat and
flax grown on a ilillo\,rcrest soil.

Treatments Percent fertilizer P utilízed

2.

1. Urea and MAP
separately
banded

N-7.5 cm below and 36 c*
beside the seed
P-7.5 cm below and
beside the seed

27d

38c 31 dc

44b 37b

34 bc

47a

30d

50a

Urea and MAP
separauely
banded

NH4NO3 and MAP
dual banded

Urea and MAP
dual banded

(NH4)2So4 and MAP
dual banded

N-7.5 cm below and
beside the seed
P-2.5 cm below and
beside Ëhe seed

7.5 cm belovr and
beside the seed

7 .5 cm below and
beside the seed

7.5 cm below and
beside the seed

Fla

L7c

24 ab

23b

22 l)

27a

2

4.

5.

* Duncan's Multiple Range Test. Means,
letter are not significantly different

within columns, with the same
at the 0.05S probabilíry level.
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(r974a, L974b) indicated that root absorption rates and root

proliferation into the fertiLizer band may influence utLLizaxton of

fertilizer P. Differences Ín ferxlLizer p uptake noted among crop

species were probably due to differences in root proliferation into the

f.erxLLizer band and rate of P absorption by the various species.

Fertilizer P uptake by canola and wheat from urea and MAp placed

separately \¡ras similar regardless of distance between the seed row and

the MAP fertÍ1izer band. In contrast, fertilizer P uptake by flax from

ferxí-Lí-zer P placed near the seed was significantly greater than that

from urea and MAP placed separately 7.5 cm belo¡,¡ and beside the seed.

The differences in response to placement among crop species, \,ras

probably the resurt of the physiological differences in root growth

into the fertilizer band and rate of p absorptÍon. strong and soper

(1970ab) indicated that flax had less root proliferation into a

fertilizer reactioÍ'L zorLe and absorbed P aL a lov¡er rate than either

canola or wheat.

Fertilizer P uprake by all crops was grearer with the (NH4)2so4

and NH4N03 dual N-P bands than with urea and MAp placed separateLy 7.5

cm below and beside the seed. Also, it is interesting to note that the

NH4NO3 and (NH4)2so4 dual N-p bands v¡ere more effeccive in supplying p

to canola and wheat plants than MAP placed near the seed. Hor¡ever, with

flax, P uptake for the duar N-p bands was similar to that from MAp

placed near the seed-row.

The i^iillo\iücresL soil used in the above growth experiment \¡/as

similar to the neutral Stockton soíl used in the chemical study. In the

chemical studies, the (NHa)2504 + MAP treatment significantly increased

P solubility compared to MAp alone, while the NH4NO3 + MAp treatmenr
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did not affect P solubiliry. since rhe NH4NO3 + MAp dual band did not

increase P solubility but did increase fertiLizer p uptake in the

growth study, v/e can conclude that increased solubility of fertilj.zer p

\,¡as not responsible for increased fertilizer P uptake from the NH4NO3 +

MAP dual band. The increase in P uptake with the NH4NO3 + MAP dual band

was thus due to the effect of the NH4+ on plant or biologícal factors

which enhance P uptake. However, fertilizer p uptake from the (NH4)2so4

+ MAP dual band was significantly greater than from the NH4NO3 + MAp

dual band. The íncrease in fertilizer p uptake with (NH4)2so4 may have

been due to the increase in p solubitity in the lNHa) 2so4 + MAp dual

band as well as the effect of NH4+ on biological factors r¿hich enhance

P uptake.

Fertílizer P uptake by canola from urea + MAP dual bands was less

than that from all other treatments. This was probably a result of the

large delay in fertilizer P uptake from the urea + MAp dual band during

the seedling stage. Fertilizer P uptake by wheat and flax from the urea

N-P dual band was similar to that from the NH4NO3 dual N-p band but

less than that from the (NH4)2so4 dual N-p band. Decreased uptake at
heading or flov¡ering from the urea N-P dual band was probably a result

of NH3 toxicities which reduced. fertilizer P uptake during the seedling

stage.

Fertilizer P uptake by wheat and flax was similar from the uïea +

MAP dual band and the urea and MAp placed separately (placernent 7.5 cm

below and beside the seed) despite initial delays in fertil izer p

uptake from the urea dual N-p band. This indicates that the rate of

fertilizer P uptake, after the inítial delay in uptake, was much

greater from the urea N-P dual band than from urea and MAp banded
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separately 7.5 cm below and beside the seed. However, for canola,

f.erXíLizer P uptake from the urea + MAp dual band r^¡as less than that

from urea and MAP banded separately 7.5 cm below and beside the seed.

This suggests that the rate of fertilizer p uptake, after the initial

delay in uptake from the urea + MAp dual band, was probably lower or

similar to that from urea and MAp placed separately j.5 cm below and

beside the seed. The above findings indicate that NH3 toxicity

(resulting in a delay in fertilizer P uptake) had a different effect on

the rate of fertilízer p uptake by canora than ít did for flax and

wheat. Further study into the physiological reasons for the

differential rates of fertilízer P uptake are needed to explain these

observations.

2.2. Experiment two

i. Days to 32P uptake

Days to initiation of ferti-l-j-zer p uptake, as measured from the

time of seeding, for NH4NO3 + MAp, urea + MAp and urea + H3po4 dual

bands \,rere greater than that of urea and MAp placed separatery 7.5 cm

below and beside the seed (Tabre 12. ) . The delay in iniriation of

fertilizer P uptake v/as probably due to NH3 toxicitíes preventing ïoor
growth into the fertilizer band or d.ue to high solute concentrations

creating an osmotic effect on plant roots. As in experiment one, direct
evidence for high concentrations of NH3 was not obtaíned in the plant

studíes. However, in a soíl similar to that used in this experiment

(Almasippi soil) it was observed that high concentrations of NH4+ +

NHS-N and a high soil pH resulted near the urea + MAp dual band. These
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Table 12. Days before uptake of 32p, as measured from the date of
seeding for canola growrt on an Almasippi soil.

Treatments

Fertilízer Band Placement Days before uptake of 32p
]- Urea and MAP N-7.5 cm below and

separately beside the seed
banded P-7.5 cm below and

beside the seed

2. Urea and MAP N-7.5 cm below and
separately beside the seed
banded P-2.5 cm belov¡ and

beside the seed

3. NH4N03 and MAP 7.5 cm belolr and
dual banded beside the seed

4. Urea and MAP 7.5 cm below and
dual banded beside the seed

5. (NH¿+)2SO4 and MAP 7.5 cm below and
dual banded beside the seed

6. Urea and H3PO4 7 .5 cm belor,r and.
dual banded beside the seed

7. SU and MAP 7.5 em below and
dual banded beside the seed

8. Urea and MAP 7.5 cm below and
dual banded beside the seed
( Incubated:k*)

17.3 d*

8.0 e

2L.7 cb

26.0 a

18.7 cd

24.7 ab

16.3 d

L9.7 ed

* Duncan's Multiple Range Test. Means with the same letter are not
significantly different at rhe 0.058 probability level.
**Incubated for a period of 10 d prior to seeding.
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condítíons hawe been shown to result in high NH3 concentrations (trdarren

Le62) .

The delay ín fertilizer P uptake wirh rhe NH4NO3 + MAp dual band.

was probabry not due to NH3 induced toxicitíes, since the soil pH was

likely low enough to reduce NH3 concentrations. The delay \4ras more

likely attribuLable to high concentrations of solute near the

fertitizer band '"""tii"r i" ;; ";;;;t; .;;;"; "" nr"'," ;;;; ;
símilar effect v¡as not observed for the (NH+) 2so4 + MAp dual band.

This was probably due to the precipitatÍon of the soo2-, causing a

reductíon in solute concentratÍ-on, thus reducing the osmotic effect on

plant roots.

Attempts to decrease NH3 toxicity by acidifying the urea dual band

with H3Po4, incubation of the urea + MAp dual band, or the use of a

slow release form of urea (sulfur coated urea (SU)) were successful for

two of the three treatments. The addition of SU to MAp reduced the days

to ínitiation of fertilizer P uptake when eompared to that for the urea

+ MAP dual band. This indicates that NH3 induced toxicities \¡/ere

decreased by the use of a slow release form of urea. However, it was

noted during monítoring for 32p th^x rhe activity of 32p in rhis

treatment was less than for other treatments suggesting that the late

release of urea rnay have slowed the rate of fertil ízer p uptake by

canola. Further studies are needed to confirm thís.

Days to initiation of fertllízer P uptake from the urea + MAp dual

band which was incubated for l0 d prior to seeding v¡as significantly

less than that from the urea + MAP dual band. The decrease was probably

due to a reductíon ín the NH4+ concentration due to nitrifícation.
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Acidifying the urea dual band wirh H3po4 did not significantry

decrease days to fertilizer p uptake when compared to that of urea +

MAP dual bands. This was probably due to the high buffering capacity of

the soil and Lo the dominance of urea in the reactLon zorte.

ii. Final harvest

oitt"r.r,";; i; ;;;*J srage were obserwed amon g ferxtLLzer

treatments (Table 13.) . Plants treated with urea + MAp and urea alone

v/ere at growth sLage 3.3, whereas plants tïeated with all other

treatments vrere at a grov/th stage of between 4.1 and 4.3, at the tÍme

of harvest. The slov¡er rate of development with the urea + MAp dual

band was probably due to P deficíencies during the seedling srage as a

result of delays in fertilízer P uptake. The difference ín growth stage

between plants treated with the urea + MAP dual band (growth stage 3.3)

and plants treated with MAp near the seed (growth stage 4.3) was

equivalent to 10 growing days (Morrison L98l). The effect of this delay

on final yield or days to maËurity was not determined. However, the

Latge apparent differences in growLh stage 55 d after seedings, \¡rarrant

further study into the effect of the above treatments on final yield
and days to maturity.

Yíeld of canola \./as greatly increased by P fertílí zaxíon (Tab1e

L4-). Dry weight yíeld from all dual bands was lower, although not

always statistically lower, than with the N and P placed separately.

The urea + MAP dual band incubated for 10 d, the SU + MAp dual band and

the NH4NO3 + MAP dual band resulted in yietds staristically similar to

that of urea and MAP placed separateLy 7.5 cm below and beside the

seed. Urea * MAP, urea + H3PO4 and (NH4) 2SO4 + MAP dual bands resulted
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Table 13. Representative growth-stages at harvest for canola gro\¡rrl on
an Almasippi soil (Harper and Berkenkamp scale , Lgls).

rr."a*.rri"

Fertílizer Band placement Growth_stage
1- Urea and MAP N-7.5 cm below and 4.2: Nlany flowers open,

separately beside the seed lower pods erongatíng
banded P-7.5 cm below and

beside the seed

2- Urea and MAP N-7.5 cm belovr and 4.3: Lower pods starting to
separately beside the seed fill
banded p-2.5 cm below and

beside the seed

3. NH4N03 and MAP 7.5 cm below and 4.2: YIany flowers opened.,
dual banded beside the seed lower pods elongating

4- Urea and MAP 7.5 cm belov¡ and 3.3: Inflorescence raised
dual banded beside the seed above 1evel of rossett

5. lNHa)2so4 and MAP 7.5 cm belov¡ and 4.r: Firsr flower open
dual banded beside the seed

6. urea and H3Po4 7.5 cm belor.v and 4.L: Firsc flower open
dual banded beside the seed

7 - su and MAP 7.5 cm below and 4.2: Nrany frowers opened,
dual banded beside the seed lower pods elongating

8. urea and MAp 7.5 cm berow and 4.L-. First flower open
dual banded beside the seed
(Incubated**¡

9. Urea alone 7.5 cm below and 3.3: Inflorescence raised
beside the seed above level of rossett

'**Incubated for a period of 10 d prior to seeding.
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Table 14. Total dry weight as affected
canola gror{rt on an Almasíppi

Treatments

by fertilizer Xreatment for
soil .

J.

4.

5.

6.

1. Urea and MAP
separately
banded

2. Urea and MAP
separately
banded

7.

NH4NO3 and MAP
dual banded

Urea and MAP
dual banded

(NH+)2SO4 and MAP
dual banded

Urea and H3PO4
dual banded

SU and MAP
dual banded

Urea and MAP
dual banded
( Ineubated*'r¡

Urea alone

N-7.5 cm below and
beside the seed
P-7.5 cm below and
beside the seed

N-7.5 cm belovr and
beside the seed
P-2.5 cm below and
beside the seed

7.5 cm below and
beside the seed

7.5 cm below and
beside the seed

7.5 cm below and
beside the seed

7.5 cm below and
besÍde the seed

7.5 cm below and
beside the seed

7.5 cm below and
beside the seed

7.5 cm below and
beside the seed

40.1 ab*

46.8 a

31.9 bc

26.8 c

27 .8 c

26.4 c

33.6 bc

37 .5 ab

LL.z d

oo.

9.

* Duncan's Multipre Range Test. Means with the same letter are notsígnifícantly differenr ar rhe 0.058 probabiliry level.
'*'* fncubated for a period of 10 d prior to seeding.
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in yields statistically lower than for treatments in which Lhe N and p

were placed separately. The lower yield for all bur the (NHa)2so4 + MAp

dual band was attributed to the large delay in uptake of fertilízer p

during the seedlíng stage. The results generally indicate a need for

"starter P" in combination with dual N-P bands on extremely p deficient

soils for canola.

Fertilízer P uptake v/as sirnilar for all treatments and warÍed from

44 xo 5LZ (Table 15.). However, all treatmencs v/ere not harvested at

the same growth stage. If the plants with a slow growth rate would have

been allowed to gror^r to Èhe stage of growth achieved by plants with a

faster growth rate, uptake of fertilizer p may have varied among

treatments ie. the fertiLízer p uptake from the urea + MAp dual band

may have exceeded that of other treatments. Although not statistically

significant, it should be noted that p uptake from MAp placed near the

seed was less than from most dual bands except for treatments with SU

and H3PO4.

2 -3. Sr-rmmary and implications

rn the previous study (chernical study) rhe solubiriry of p in MAp

bands was usually increased by the addition of urea or NH4OH, v¡hile the

addition of NH4NO3 or (NH4)2So4 ro MAp generatly díd nor increase p

solubilíty. Plant uptake of fertilízer P did not reflect the changes in
P solubility observed in the chemical studies. Fertilizer p uptake by

canola, wheat and flax (at the headíng or flowering stages) was usually

greatest with the MAP + (NHa)2so4 dual band. The generally lower uprake

of fertilizer P wíth urea, rhan v¡íth (NH4)2so4 or NH4NO3, vras

attributed to reduced uptake of ferti1ízer P from the urea + MAp dual
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Table 15. Percent fertilízer
Almasippi soil.

P utilized by canola grown on an

Treatments

l. Urea and MAP
separately
banded

2. Urea and MAP
separately
banded

B

N-7.5
beside
P-7.s
besíde

N-7.5
beside
P-2.5
bes ide

7.5 cm
bes ide

7.5 cm
beside

7.5 cm
beside

7.5 cm
bes ide

7.5 crn

beside

7.5 cm
bes ide

cm below and
the seed

cm below and
the seed

cm below and
the seed

cm below and
the seed

below and
the seed

below and
the seed

below and
the seed

below and
the seed

below and
the seed

belor,¡ and
the seed

^+50

3.

4.

5.

6.

7.

8.

NH4NO3 and MAP
dual banded

Urea and MAP
dual banded

(NH4)2So4 and MAP
dual banded

Urea and H3PO4
dual banded

SU and MAP
dual banded

Urea and MAP
dual banded
(Incubated**;

44a

51 a

50a

52a

44a

45a

50a

* Duncan's Multiple Range Test. Means with the same letter are not
significantly different at the 0. 05È probabiliry lewe1.

** Incubated for a period of 10 d prior to seeding.
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bands during the seedling stage. The reduction Ín fertilizer p uptake

during the seedling stage was most likely due to high concentrations of

NH3 in the fertíl-izer band restricting root gro\,/th into the fertí|Lzer

band.

Days to initiation of fertíIizer P uptake from dual N-P bands were

greaxer for canola and flax than for wheat. Also days to iniriation of

ferxí-lizer P uptake \¡rere greater for urea + MAp dual bands than for

(NHa)2so4 and NH4NO3 dual N-P bands. Thís was arrribured ro NH3

toxicity reducing root growth into the urea + MAp dual bands. These

results imply that starter fertilizex, ie. fertílizer P added with or

near the seed to provide P for plant growth during the seedling stage,

is more of a requirement for erops such as canola and frax than for

wheat. Also' starcer P fertilizer i,s more of a requirement with urea +

MAP dual bands than wirh NH4N03 + MAp and (NH4)2so4 + MAp dual bands.

Attempts to detoxify the dual N-p bands by acidifying the

fertilízer band (use of H3po4-urea) or by using a slow release N

fetxí-Lízer (SU) qrere generally unsuccessful. In contrast, íncubation of

the urea dual N-P band for a períod of 10 d príor to seeding

significantly reduced the tíme period prior to initiation of fertilizer

P uptake. Thus delays in fertilizer P uptake during the seedlíng scage

can be decreased by application of the dual bands a wk or more prior to

seeding.

The delays in fertíLízer p uptake, due to NH3 toxieíty affected

the rate of fertilLzer P uptake by the three crops differently. For

flax and wheat the rate of uptake after initiation of fertíLizer p

uptake vras greater for the urea + MAP dual band than for urea and MAp

placed separately 7.5 cm below and beside the seed. ilith canola the
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urea + MAP dual bands did not result in a large increase in the rate of

ferxLLizer P uptake as noted for flax and wheat. The above observations

indicate that different crop species react differently to NH3 toxicity,

even after root growth into the fertilizer band commences. Detailed

studies into the reasons for these differences are needed to explain

the results observed in this study.

Finally, it should be noted that all crops, wheat, canola, and

f1ax, effectívely :uxíLízed fertilj-zer P from the dual bands. Fertilizer

P uptake from dual bands \¡ras generally equal to or grea:xer than from p

placed near the seed-row. r.n facL, fertilizet p uptake at the heading

or floweríng stage \^ras greater from the lNua) 2so4 + MAp dual band than

for P placed near the seed row, particularly for canola and wheat. For

canola and wheat in experimenL one, fertilizer P uptake at the heading

or flowering stage v¡as 12 and 16 percent higher from dual (NHa) 2so4 +

MAP bands than from P placed near the seed row. These results suggesr

that certain dual bands plus starter P may be a more effectÍve method

of placement than placement of all of the p near or in the seed row.
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Appendix A

Table 1. Chemical analysis for the neutral Stockton soil treated with
urea + MAP - average of two replicates.

Section pH P

cm pE s,-r
Toral p Ca2+ þrg2*., No3-+No2- Ntt4++NlI:

mg uE g. I ue- s--t ug s ' us e-L
0.25
0.75
L.25
1.75
2.25
2.75
3.2s
3.75
4.25
4.7s
s.25
5.7s
6.25
6.75
7 .25
7.75
8.2s
8.75
9.25
9.75

Table 2.

8.30 1089.34
8.37 883.38
8.32 265 .77
7 .99 36.s2

844 L28
874 139

23 356 1474
31 358 L2B6
23 4L6 918
24 499 643
33 581 484
39 ss9 382
43 5s1 303
sl 523 2L4
5s 476 L36
58 45]- 81
58 375 <50
54 328 <s0
49 247 <50
44 206 <50
39 L7L <50
31 151 <s0
36 L46 <50
35 L47 <50
34 L48 <s0
30 L64 <50

60 2124
81

103
138 L]-g

6.48 423.27
6 .45 33L.46
6.37 2ss.0s
6.L2 L83.02
s.6s L03.62
s . 13 44.25

3.75 5.18 22.97
4.25 5.50 L9 .43
4.75 5 .92 13.38
5.25 6 .I2 9.80

7.27
6.s0
6.L3
s.93
5 .69
s.54
5.76
6.2L
6.72
6.9L
6.95
6.96
7.00
6 .97
6.82
6.09

11. 04
L2.LO
12.38
L2.76
13.98
L4.40
L2.20

9 .28
7 .70
7.s3
7 .66
7 .89
8 .09
8.02
8.96

t2.78

8.06
7 .66

L3.37
LO.57
3.15
0.45
0. 13
0. 1s
0. 15
0.16
0.L7
0. 18
0.ls
o.t2
0. 09
0.09
0.10
0.09
0. 10
0 .10
0.L2
o.L7

4.35
4. 03
3.1s
2.25
1.33
0. s4
0.27
0.2s
0.17
0.12
0. 10
0.09
0. 10
0. 10
0. 11
0. 11
0. 10
0. 11
0. 13

r49
16s
L29
T2f
L69
191
209
235
262
276
275
250
226
208
18s
L69
r84
L66
L62
149

chemical analysis for the neutral stockton soil treated with
(NHa) 2SO4 + MAP - average of two replicates.

Secrion pH p Toral p ,^r*,, NÍ82+, No3-+No2- NH4++NH3

="T= , gE=s-l -s 's s0.25 6.62 567 .60 8.27
0.7s
L.2s
L.7s
2.25
2.7s
3.2s

802
722

280
257
2L9
184

I4T
25L2
2L89
L832

868 1s6 L4s L479
966 ]-65 183 t0s9
423 9L 232 676
183 40 232 296
259 s2 2l-9 1s0

5.75 6.57
6.25 6.82

251
10s
136
142

92
81
76
77
7B

s6
52
45
?o

51
<50
<50
<50
<50
<50
<50
<50
<50
<50

6.7s 6.92 8.07
7 .25 6.96 8.42
7.7s 6.98 8.s7
8.25 6.99 8.60
8.t5 6.98 8.70
9 .2s 6.94 8.80

L67 34
r60 33
lsl 33
L44 31
L42 31

9.7s 6.60 L0.43 L4L 30 83
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Table 3. Chemical analysis for the neutral Stockton soil treated wÍth
NH4NO3 + MAP - average of two replicates.

Secrion pH p Toral p Ca2+" tut|2* .No3-+No2-- NH4++NH3

-"\ ps A 1 
^e pE Ã-r tt; s L :L ix s.:l0.25 6.83 s58.34 7 .I

6 .77 36L.02 3.98 1330.75
L.2s
L.7s
2.25
2.75

6.80 205.6L 2.48 118
6 .84 L2L.L5 L.43 L42
6.82
6.73

9s7 L342
902 1163
9T6 L2L7
868 LOL+2

48 892 854
835 692
708 494
637 340
578 L7L

9L
<50
<50
<50
<50
<50
<50
<50
<50
<50

84 s74

43 188

s0.76 0.64 I7s
10.60 0.13 206
8,87 0:11 2gr
9 .26 0 .11 323
9 .49 0.L2 373
9 .37 0. 11 42I
8.39 0.11 391
7 .4L 0 . t-0 366
7 .04 0.09 334
6 .87 0.09 290
7 .I9 0.09 247
7 .50 0.09 220
8 .02 0. 10 193
I .02 0. 10 188
8 .66 0.11 I7L
9 .18 0.L2 L6s

36
32
36
42

61
72
81
89

3.25 6,47
3.7s
4.25
4.75
5.2s
s.75
6.25
6.75
7 .2s
7.7s
I.2s
8.15
9 .25
9.75

6.24
6.L5
6.ls
6.2s
6.42
6 .68
6.8s
6.90
6.96
6.94
6.98
6.9r
6 .66

469
40s
328
257
191

80
74
65
56
49

4T
37
36

L42
L4s
139

Table 4. Chemical analysÍs for the neutral Stockton soil treated wÍth
NH4OH + MAP - average of two replicates.

Section pH p Toral p Ca2+., NIg2* . NO3 -+No2 - NH4++NH3
s-t rË e-1'0.2s 7 .88 644.26

o.7s
7.25
L.7s
2.2s
2.7s
3.25
3.7s
4.25
4.7s
5.25
5.75
6.25
6.75
7 .25
7.7s
L25
8.75
9.2s
9.7s

7.s7
6.4L
5.92
s.61
s .48
5.32
5.51
6.3s
6,90
6.93
6.93
6.96
6.97
7.00
7 .OL
6.99
6.99
6.9L
6.38

s45.03
163.76
s4.29
79.43
Ls.44
ls.59
13.53

9 .27
7 .39
7 .44
7 .64
7 .82
7 .73
8.16
8.38
8.23
B.3s
9 .27

1-1. 5s

7 .23
1. 83
0.66
0.23
0. 19
0. 18
0. 16
0. 11
0.09
0.09
0.10
0. 09
0. 10
0.L2
0.09
0. 10
0. 09
o.L2
0. 14

L99
110
r40
209
264
266
267
26L
242
2L3
188
1s6
L62
148
L44
L39
139
]-39
L24

50
22
30
44
57
59
59
58
55
49
43
36
38
35
34
33
33
33
27

368
4L6
408
44s
394
375
336
287
237
L92
1s3
158
124
109
104
L07
103
100

99

935
536
379
233
130

56
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
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Table 5. Chemical analysis for the neutral Stockton soíl treated with
H3PO4-urea + MAP - average of two replicates.

Sectíon pH P Total P Ca2+
Yt'_!, 

No3 -+N9? *lt*lfl,
cm

0.2s
0.75
L.25
L.75
2.25
2.7s
3:25
3.75
4.25
4.75
5.2s
5.75
6.25
6.75
7 .2s
7.7s
8.2s
8.75
9 .25
9.7s

0.7s
L.2s
L.7s
2.2s
2.75
3.2s
3.7s
4.25
4.75
5.2s
5.75
6.25
6.7s
7 .2s
7.7s
8.25
8.75
9.25
9.75

8.08
8.36
8.34
8.L4
7 .7r
6.90
6.38
6.ls
6.02
6.06
6.18
6.47
6.74
6.9L
6.99
7 .02
7 .0s
7 .0s
6.87
6.4r

594 .59
92t.00
230.96
20. 83
11. 11
11. 60
11.07
LL.47
12.49
LL.4L
10. 3s
8.84
7 .93
7 .6s
7 .85
8 .04
7 .97
8.28
9.29

11. 54

6.48
11.84
2.84
0.26
0. 13
0. 14
0.15
0. 15
0. 15
0.1_4
o.L2
0. 11
0. 10
0. 10
0. 10
0. 10
0.10
0. 11
0. 10
0.15

B8
L56

82
113
L49
161
L42
176
L94
207
222
227
2L7
207
L73
L62
155
]-54
L48
138

23L
2L4
27L
356
4]-4
425
342
338
36s
267
29s
L92
224
L87
L46
139
119
113
LL7
L23

1040
L332

823
625
533
434
304
238
183
LL6

66
<50
<50
<50
<50
<50
<50
<50
<50
<50

224
L28

6s
<50
<50
<50
<50
<50
<50
<50
<50

13
29
20
21
34
35
33
39
45
48
50
53
s2
49
42
39
38
37
35
33

Table 6. Chemical analysis for the neutral Stockton soil treated with
MAP alone - average of two replícates.

Section pH p Total p Ca2+. lrt|2*. NO3-+NO2- NH4++NH3

=== . +'g=.-! !.= ,F=E
0 .2s 6.62 613.06 7.89

6 .38 362.s3 4.48 140
s. B0 204.33 2.4I ]-24
s . 38 I27 .70 1. 6s L46

45
40
48
4L
4T
38
42
36
46
39
39
48
36
4T
6L
5l-
32
37
42

111
L28
13s
L29
LT4

91
83
62
59
5l
47

5 .69
6.s0
6.80
6.93
6.93
7 .03
6.98
7 .00
6.99
7 .00
6.99
7 .02
7 .02
6.96
6.94
6.94

79 .s3 0.93 1s9
36 .I4 0 .42 Lsz

9 .62 0 .I2 L44
8.05 0.10 136
8 .23 0. 10 r27
8.39 0.11 L23
8.6s 0.10 111
I .87 0. 11 118
9 .06 0.I2 L07
8.90 0.10 108
8 . 98 0. 11 t_0s
9.10 0.11 111
9 .L4 0.L2 103
9 .L2 0.11 10s
9 .L9 0.11 tL2
9 .09 0.L2 108

45 <50
/+I
39
39
37
38

<50
<50
<50
<50
<50

38 <50
40 <50
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Table 7. Chemical analysis for the neutral Stockton soil treated with
urea + TSP - average of two replicates.

secrion pH p Toral p ca2+- vtg2*. No3-+No2- NH4++NH3

="!= . pe s-I *z ps s-L i;, s.-l'0.2s 8.2s 924.30 12.6L
8.4L 4s6.24 s.480.75

I.25
L.7s
2.25
2.7s

3.7s
4.25
4.75
5.25
5.75
6.25
6.7s
7 .25
7.7s
8.2s
8.75
9.2s
9.75

8.32
B .00
7 .33
6.42

5.98
5.78
5 .66
s.88
6.30
6 .77
6.95
6.96
6.96
6.96
7 .0L
6.93
6.s2

234
190
L69
]-26
118

1119
816
64L
494
383
3L6
224
r47

7B
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

33.46 0.39
L2.68 0.15 L44
10.80 0.13 I92
L2.s8 0.L7 L92

98
87

24
20
32
40
4L
45
52
58
6L
55

51
46
4T
37
34

33
28

386
482
s73
6L4
s97
483
47L
424
390
336

-3.2-5 6 .L6 12 .67 0 . 15 2L5
13.09 0.16 245
14.10 0.18 272
13.83 0.L7 287
11.9s 0.1s 248

9 .24 0.11 258
7 .72 0. 10 234
7 .47 0.09 2]-0
7 .75 0.09 185
I .2s 0. 10 16s
8.19 0.10 Ls2
8.3s 0.10 L49
8.64 0.10 t48

IO.49 0 -L4 130

56 284

34 LL4
113
I2L

Table 8. Chemical analysis for the neutral Stockton soil treated t^ríth
TSP alone - average of two replicates.

Section pH P Total p Ca2+ NIg2+ NOq-+NOc- NHz,++NHe
cm _ 1 

¡t ù ¡_L ,,:" _1 -.- r -. _+ - ^.i _:'ï,

0.7s
L.25
L.7s
2.25
2.7s
3.2s
3.7s
1+.25

4.75
4.25
5.75
6.2s
6.75
7 .25
7 .7s
8.25
8.7s
9.2s
9.7s

6.23
6.32
6.32
7 .03
7 .L6
7 .Ls
7 .L7
7 .I7
7 .I8
7.tr
7 .16
7 .LL
7.L2
7 .1t+
7 .L3
7.L3
7 .09
7 .04
6 .67

278.30
L26.85
79.6L
29.82
9.42
9 .01
8.93
9.18
9 .09
8.89
9 .07
8.94
8.87
9 .04
8.91
8.75
8.79
9 .08

10. s1

3.63
r.52
0. 93
0.37
0. 11
0. 11
0. 10
0. 11
0.12
0.11
0.L2
0. 11
0. 11
0. 11
0. 11
0. 11
0.11
0. 11
o.r4

L76
L22
L28
109

99
94
97
95

108
93

102
98
97

ro4
L04
106
111
Lt7
113

40
28
29
24
22
2L
2L
20
22
20
22
22
22
23
22
22
24
25
24

7L
74
69
62
60
56
50
48
50
49
53
52
54
60
6L
66
77
84
93

52
<50
<50
<50
<50
<50

50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
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Table 9. chemical analysis for the neutral stockton soil (control)
ayerage of two replicates.

Section pH P Total P Ca2+ Nrs.2+ Nor -+Noc - NH.,,*+NHe¿ + -J-t -t -tcm
0.25
0.75
I.25
r.75
2.2s
2.75
3.25
3.75
4.2s
4.75
5.25
5.7s
6.25
6.7s
7 .2s
7.7s
8.25
8.7s
9 .2s
9.7s

6.80
7 .0r
7 .06
7 .O5
7 .07
7 .07
7 .06
7 .06
7 .0s
7 .09
7 .08
7 .O8
7 .06
7 .07
7 .O7
7 .06
7 .08
7 .06
7 .05
6 .87

8.90
8.52
8 .48
8 .48
8.72
8.83
L79
8.74
8.97
8.85
9 .03
8.94
8.99
8.97
9 .05
9 .09
9.02
8.80
9.10
9 .73

0. 10
0. 11
0. 11
0. 10
0. t-0
0.L2
0.10
0. 11
o.L2
0. 11
o.12
0. 11
0. 11
0. 11
0. 11
0. tl
0. 11
0. 11
0. 11
0.12

106
11s
rt0
110
138
109
LL4
111
108
LT7
LL2
LT7
115
L]-4
L2s
L25
135
118
L23
115

23
24
23
23
26
23
24
24
23
25
23
25
25
25
26
24
28
26
26
25

62
64
59
54
52
51
49
48
46
46
46
46
46
47
49
47
49
52
57
s9

<50
<50
<50
<50
<50
<50
<s0
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

Table 10. Chemical analysis for the acidic Stockton soil treated with
urea + MAP - average of two replicates.

section pH p rotal p ca2+ . ¡utï2* . No3 -+NO2 - Ntt4++NH3

="\= , ,q-e: ^* ,E *-I , '
0.25 8.38 700.93
0.7s
1.2s
L.75
2.2s
2.75
3.25
3.7s
4.25
4.75
5.25
5.75
6.25
6.75
7 .25
7.75
8.25
8.75
9.25
9.75

8 .48
8.s3
8. s4
8.6s
8.50
8 .03
7 .22
6.45
s.91
5.s2
5.20
s.26
s.38
5.s8
s.79
s.82
5.77
5 .57
5.7s

686.20
s34.L7
230 .69
109 . ls
32.33
L7 .92
13 . 61_

LL.92
10. s0
I .70
9.6I
9 .20
I .67
L07
7 .99
8.06
8.36
8.91
9 .36

9.86
6.83
a 10L, T9

L.34
0.4L
0.23
0. 18
0.16
0. 14
0.13
0.r2
0.L2
0. 11
0. 10
0. 10
0. 10
0. 11
0. l_1

0. 13

tls
96
7s
62
40
28
25
34
39
49
57
69
81
86
86
76
74
72
74

L4
11
10

9

6

5

4
6

7
1-0

T2
15
t7
19
18
T7
L6
L6
L6

46
s0
6L
88

110
L43
16s
L84
L9L
172
]-52

86
L22
104

98
89
B6
89
94

1036
920
t37
618
463
329
276
232
191
1s0
113

67
<50
<50
<50
<50
<50
<50
<50
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Table 11. Chemical analysis for the acid.ic Stockton soil treated with
(NH+)2S04 + MAP - average of rwo replicates.

Secrion pH p Toral p ,^r*., yIE2*. NO3-+NO2- NH4++NH3
-== , ef=s: Ïr. -. 'Es' ,0.25 6.33 383.78 s.18
0.75
L.2s
7.75
2.2s
2.75

s.86 309.61 4.35 234
s.63 2sI.43 3 .48 286

8.46 0.11 343
8.51 0.L2 245
8.92 0. rl L]-9

L9
20
24 2167
29 L9 53
4r L676

1410
LO94

846
562
283
775

95

346
344
386
4t8

67
87

86
78

46
57
66
70
74
82
75
6L
35
T9
22
26
25
22
L9
L6
15
15
13

51
6L
66
74
78
83
81

2489
23BB

429
331

L6s
LT4

72
<50
<50
<50

5 .46 L95.96 2.39
s.31 T46.L6 1.98
5.T2 77 .s9 L.O2

22.44 O:293 .2s 4. 85
3.7s 4.7s
4.2s 4.75
4.7s 4.99
5.25 5.25
5.75 5.30

7 .25 s.63

6.25
6.7s

7.75
8.25
8.75
9.25
9.75

0.7s
1.2s
L.75
2.2s
2.7s
3.25
3.75
4.2s

5.37
5.32

5.77
s .82
s.74
5 .67
s.83

s.61
5.59
5.s8
s .49

9 .2L 0.L2
8.57 0.11

7 .88 0.11
7.88 0.10

8.16 0.11 10s
7 .94 0.10 101 80 <50

<50
<50
<50
<50
<50

75 <50

783 9s0
753 941
762 878

Table 12. Chemical analysis for the acid.ic Stockton soil treated wÍth
NH4NO3 + MAP - average of two replicates.

Section pH p Toral p Caz+. Vg2*. NO3-+NO2- NH4++NHj
cm -1 ,,¡ e-r ,,:'*-L--1.----t -'. 

-1-

8.22 0.10
8.74 0.11
9.11 0.I2

8.01 0.10 66
6L
62
56

53
60

78
65
62
62
64

703 60s

s.82 L77 .L0 2.28 60
s . 68 114. 33 L.47 l5

54 .60 0 .69 80

6 .23 304 .63 3 .92
6.01 234.67 2.9t

13
T4
15
18
20
23
28
32
37
39
40
42
42
40 284
36 243

762 78L
725 722

4.75 5.42
5.2s 5.20
5.75 5.13

9.3s 0.L2
6.74 0.08

97
118

6.80 0.09 139
6.84 0.09 1s8
7 .09 0.09 L72
7 .L3 0.09 ]-7s
7 .36 0.09 1S3
7 .32 0.10 L74
7 .t9 0.09 L66
7 .L7 0. 09 163
7 .37 0.10 L43
7 .70 0.09 I34
8 .40 0. 11 126

9 .L4 0.L2 L25

631 529
6L6
s29
474 239

6.25
6.75

5.L2
5.18

42L
373
348

7 .25 5.24
7.7s s.42
8.25 5.4L
8.75 s.39
9 .2s 5.26

34
31
29
28

L74
L77

<50
<50

2L6
L52 <50

9.75 s.11
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Table 13. Chemical analysis for the acidic Stockton soil treated. with
NH4OH + MAP - average of two replicates.

Secrion pH p Toral p ,^2*" ytgz*" No3-+No2- NH4++Ntt3

="+= ry¿e l ^A '..I ';s-0 .25 7 .77 774.98 11.08 67
0.7s
L.2s
L.75
2.25
2.7s
3:25
3.7s
4.25
4.75
5.25
5.75
6.2s
6.7s
7 .2s
7.7s
8.2s
8.75
9.2s
9.75

5.8s
5.16
4.88
5.14
s.28
5.4t
5.47
s.s1
s.56
5 .67
5.68
5 .69
s.72
s.7L
5.7L
s.61

7.sL 644.34 7.48
7 .04 4s6.68 s.63
6. s3 236.97 3.49

8.40 0.11
8.23 0.10
8.37 0.t2

776
57L
379
267
L93
r.44

86
51

<50
<50
<50
<50
<50

59 <50
56 <50

36 8s
73
66

55
55
58

59
55
49
48
51

49
4I
L7
26
t7
20
24
23

42
27

Ls6
ls9
16s
l-82
L96
T14
16s
148

96 .32 1. 06
28 .O4 0. 35
11. 04 0 .T4 ss
10.34 0.L4

9 .28 0.r2
8. s9 0.11 86 60 130 <50

72
81

85
8t
75

110
98

8. s0 0.10 64
59
55

50
49
50

26
23
2L
22
31
22
32

<50
<50
<50

8.62 0.11
8.69 0.13
8.94 0.11 54
8.93 0.I2
9.13 0.L2
9.11 0.L2

Table 14. Chemical analysis for the acidic Stockton soil treated with
H3PO4-urea + MAP - average of two replicates.

SecÈion pH p Toral p Caz+" ylg2*. No3-+No2- NH4++NH3,
0 .2s 8 .L2 s01.09
0.75
L.25
I.7s
2.2s
2.75
3.2s
3.75
4.25
t+.75
5.25
5.7s
6.25
6.75
7 .2s
7.7s
8.25
8.75
9.2s
9.7s

8.32
8.39
8. 37
8 .43
I .08
7.s2
7 .OL
6.75
6.46
5.7L
s.36
s.40
s.38
5.42
5.50
5 .57
s .57
s.50
5.s0

692.29
6]-6 .69
231. 81

48.49
19.39
1-5.70
L2.76
10. 78
9.18
9.s0
9.64
8.8s
9 .70
I .40
8.28
8.29
8.52
8.80
9 .08

8.62
7 .90
2.82
0.66
0.25
0. 19
0.T7
0.14
o.L2
0.L2
0.13
0. 11
0. 13
0.11
0. 11
0. 11
0.L2
0.11
o.L2

L07
LO7

55
38
30
37
28
34
35
38
48
58
69
68
69
65
57
58
58

18
15
L2

7

6

8

6

7
I
I

10
13
16
L7
T7
16
I4
L4
13

78
93

106
138
L64
L97
223
223
200
L79
t72
1s3
118
110

92
78
72
74
72

1078
993
631
469
37t
3L2
279
250
20s
15s
113

62
<50
<50
<50
<50
<50
<50
<50
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Table 15. Chemical analysis for the acidic St.ockton soil treated wirh
MAP alone - average of two replicates.

9

ö

9

11
13
t3
13
15
L4
t4
15
1s
15
15
L4
L4
L7
L7
18

40
45
52
s8
56
63
58
52
51
50
s0
51
49
49
s6
55
6s
70
74

Table 16. Chemical analysis for the acidic Stockton soil treated with
urea + TSP - average of two replicates.

Sectíon pH P - Total p Ca2+ ME2+ NOc.+NOc- NH.,,*+NHr
cm _ 1 _ 1 ". _.1 -'- J '-' _+ -'-'+ ''_'ì'J

0.7s
L.2s
L.75
2.2s

8.s7 633.7t 8.10 110 11
8.s7 3s7 .69 4.50 72

3.25
3.75

5.75
6.25
6.7s
7.2s
7.7s
8.2s
8.7s
9.2s
9.75

8 .08
7 .24

5.43
s .41
5.42
5.58
s.55
5 .52
5.51
5 .40
5.42

42

138
116

976
742
56L
540
437

67
<50

<50
<50
<50
<50
<50

95 .68 L.2L s4

4.25 6 .40
4.75 5.96
5 .25 s .40

27 .73 0. 35
20.65 0.26
18.24 0.23
L3.46 0.18
LL.7s 0.ls

9 .64 0.L2
9. B0 0.13
9.01 0.11
8.39 0.L2
8 .L2 0.11
8.03 0.10
8.ls 0.10
8.51 0.11
9.01 0.12
9 .52 0.13

9 L75 L63

46
38
28
29
37 8 183 2s2

9 .97 0. 13 4L 8 189 202
43
53
69
79
86
81
81
78
78
76

L2
16
1B
20
T9
20
18
18
T7

94
9s
89
92
93

153 1L7

L02 <s0

Section pH p Total p Cr2*. ytgz*. NO3-+NO2- UU4++NH3

=")= ttz sL *E tt+ AL p;E '
0.2s 6. s8 423.98 5.20
0.7s
t.25
L.7s
2.25
2.75
'3,25
3.75
4.2s
4.75
5.25
s.75
6.25
6.75
7 .25
7.75
8.25
8.75
9.2s
9.75

8.7I
8.75

2.7s 8.54

6.32
6 .01
5 .67
5.42
s.42
5:39
s.sl
5.59
5.70
5.74
5.72
5.70
s.72
5 .67
5 .69
5 .64
s .57
5.45
5.3s

318 . 81
2s8 . 1s
209.55
1s6.74

99 .72
42.40
1_1.04
8.84
8.63
8.71
8.73
8.84
8.76
8.91
8.79
8.37
8.96
9. s0
9.76

3.97
3.39
2.63
2.09
L.2L
0 .54
0.L4
0. 13
0 .10
0.11
0. 11
0.L2
0.L2
0.11
o.12
0. 11
0. 11
o.L2
0. 13

46
43
47
54
53
s6
57
62
56
56
s9
56
58
6T
s9
s9
66
70
80

954
867
8 91
7 rt7
6 L39 343
6L71300

2r0
Ls7
L24

87
55

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
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Table 17. Chemical analysis for the acidic Stockton soil treated with
TSP alone - average of tr^¡o replicates.

Section pH p Toral p Caz+" ytg2*. No3-+No2- nH4++llH3

="!= , +q=s: ^E uE s-L '; 
'

0.25 6.05 635.81 9.L
0.75
L.25
I.7s
2.25
2.75
3,25
3.75
4.25
4.75
5.25
5.75
6.2s
6.7s
7 .25
7.7s
8.2s
8.7s
9.2s
9.75

0.2s
0.75
t.2s
r.7s
2.25
2.7s
3.2s
3.75
4.25
4.75
5.25
5.75
6.25
6.7s
7 .2s
7.75
8.2s
L75
9.2s
9.75

s.51
5.63

106
88
7L
63
53
47
50
53
51
55
52
52
50
51

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

s. s3 2L3 .98 2.40 l1s 27
28
24
18
15

11
11
I2
T2
11
L2
11
11
11
1_3

11
I2
11

25
27
27
27
29

5.44 176.30 2.23
s .43 L37 .22 t.6s

83.94 1.10
37 .22 O.4t+

5 .:t:l 10 . 31 0 .13 T2 30
s.80
5 .77
5.77
s.B0
5.82
s.81
s.81
s.74
5 .77
5.86
5.77
s.83
s.77

8.83 0.11
I .70 0. 11
8.70 0.t2
B .66 0.11
7 .7s 0.1-1
8.81 0.11
8.7s 0.L2
8.7s 0.11
8.72 0.11

31
31
32
33
28
33
33
33
34
32
JJ

35
35

8.73 0.11 s4
8.89 0.L2 54
8.86 0.11 54
8.80 0.L2 56

Table 18. chemical analysis for the acidic stockton soil (control)
average of two replicates.

Section pH Toral p Ca2+
Yt'-!r 

to: 
-*)91 

- N11*iTf :
5.85
5.70
5 .69
5 .69
s.79
s.81
s.91
s.77
5.88
s.82
6 .01
5.95
s. 80
5.89
5.91
5.75
5.76
5.74
5 .69
s.72

8.13
8.72
8 .43
8.44
8.55
8.68
8 .64
8.74
8.93
8 .87
9 .01
8.90
8.79
8.90
8.93
9.02
8.79
8.86
8.93
8.73

0. 09
0.13
0. 11
0. 11
0. 1r
0. 11
0. 11
0.11
0.11
o.12
0. 11
0.L2
0. 11
0. 11
o.L2
0.12
0. 11
0.L2
0. 11
o.L2

51
51
54
s3
48
50
47
45
44
45
45
46
45
44
46
47
45
45
44
47

11
11
L2
11
10
11
11
11
10
10
10
10
10
10
10
10
10
11
10
11

58
57
55
s3
51
49
43
46
4l+
46
44
44
44
46
45
45
46
42
46
50

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50



Table 19. Chemical analysis
MAP - average of

Section pH P

t11

for the Alrnasíppi soil treated \,rith urea +
two replicates.

Toral P Ca2+ NOa -+NOc - NH¡,++NHrJ 
' 

+ .Jr .._ _-l

Table 20. chemical analysÍs for the Almasippi soil treated wirh
ltüla) 2SO4 + MAP - average of two replicates.

Sectíon pH p Total p ,^2*. ¡rtg2*. No3-+No2- NH4++NH3

="g = gg= -fl t- '- --
0.25 8.L2 20I.93 2.

0.2s
0.75
1.25
L.7s
2.25
2.7s
3:25
3.7s
4.25
4.75
5.2s
5.75
6.25
6.75
7 .2s
7.75
8.25
8.75
9 .2s
9.7s

cm

8.25
8.75
9.25
9.75

8.83
8.93
8.93
8.88
8.76
I .57
8.34
8.19
8.05
8.24
8.38
8.45
8.61
8.66
8.63
8.70
8 .69
I .66
8.72
8.60

508.39
L36.61
L4.3L
LO.7L

7 .65
5.43
4.63
4.4L
4. 30
3.72
3.sl
3.61
3.85
3.92
4.L2
4.L9
4. 38
4.42
4. 3s
4.3L

5.94
L.4s
0. 17
0. 13
0. 09
0.06
0 .06
0. 0s
0.06
0.04
0.0s
0.04
0.05
0 .0s
0. 0s
0.05
0.05
0. 0s
0.0s
0.05

264
282
28L
22L
2L7
322
449
542
s56
463
363
3L2
282
249
253
238
249
248
247
274

88
130
L79
2L0
2s7
319
363
376
377
36L
345
335
3L2
278
274
259
256
2s3
244
242

172
L76
206
277
396
sL2
601
654
676
6L4
478
4]-3
358
300
237
2L7
198
195
L92
202

L745
L387
115 6

994
735
482
237

86
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

<50
<50
<50
<50
<50
<50

L.t5
2.25
2.75
3.25
3.75

o.75 8.24
L.2s 8.36

8.35
8.20
8 .03
7 .97
8.00

4.2s 8.I2
4.15 8.31
5.25 I.t+6
5.75
6.25
6.7s 8.7I
7 .25 8.75
7 .7s 8.77

6.81 0.08 L206
s .37 0.06 824
s.01 0.07 823
4.55 0.05 L324
4.68 0.0s ]-796
4.81 0.0s L422
4.L9 0.0s 1080
3.03 0.04 822
2.83 0.03 61s
3.26 0.04 433
3.66 0.04 329
3 .96 0. 0s 298
4. 18 0 .0s 269
4.42 0.0s 257
4. ss 0.0s 247
4.7s 0.06 268
4.68 0.06 248
4.68 0.06 243
4.68 0.06 263

623
s38

370 468
334

3s0 ]-802
439 1s98

62L s81 L2B5
770 797 BB8
845 1T24 483
637 L221 lss
547 LT4T <50
s32 944 <50
5L2 768 <50
444 584 <50

8.60
8 .67

<50
381 <50

288 3L7
266 283

8.77
8.78
8.78
8 .15

249 L75
256 L94

2/+3 1s9
237 1s9
233 L66 <50
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Table 21. chemical analysis for the Almasippi soil treated r,¡ith
NH4NO3 + MAP - average of two replícates.

Secrion pH p Toral p Ca2+- y]g2*. NO3-+NO2- nu4++Nlt:
-c) , ug g-L ng pE g-7 p e s,-'

0 .2s 8.39 239 .61 2.76 39
0.75
L2s
L.75
2.25
2.7s

-3:25
3.75
4.25
4.75
5.25
5.75
6.25
6.75
7 .25
7.75
8.25
8.ls
9.25
9.7s

0.7s
L.25
I.75
2.2s
2.75
3.25
3.75
4.2s
4.75
5.25
5.75
6.2s
6.75
7 .25
7.75
8.2s
8.7s
9.2s
9.7s

8.37
8.39
8.39
8.36
8.28
8.21
8.13
8.11
8.2t
8.36
8.47
8.s6
8.60
8 .64
8.68
I .69
8.70
8.72
8.72

278
319
381
432
477
523
s36
522
497
430
397
334
300
270
247
236
226
228
226

L096
L07 6

920
760
579

6.8s 0.08 4L4
s.67 0.06 423
5 .I4 0. 06 459
4.56 0.05 s08
4.L2 0. 0s s90
3 .90 0:05 702
3.66 0.04 7s4
3.20 0.04 7]-4
3 .23 0.04 s70
3.04 0.03 4L4
3.31 0.04 3s3
3 .57 0. 04 298
3 .77 0.04 282
4. 03 0. 0s 268
4.20 0.0s 247
4.23 0.0s 24L
4.40 0.0s 234
4.54 0.06 254
4.34 0.05 255

L363
]-342
L3L9
T42L
1388
1443 302

L70
60

<50
<50

L32L
I208
LO26

8L7
643 <50

TabLe 22. chemical analysis for the Ahnasippi soil treated with
NH4OH + MAP - average of two replicates.

section pH p - Total p ca2+. ytg2*. NO3-+NO2- NH4++NH3

="*= == 
¡re g-1 tg ,g g 

"i -:ï'0.25 8.57 s38.08

49s
378
310
242
204
L79
L69
L64

567
620
688
7L7
624
769
279
408

330
277
234
L99
189
L54

L43
L49

<50
<50
<50
<50
<50
<50
<50
<50

367
202

90
<50
<50
<50
<50
<50

8.4L
8.26
8.19
8.08
8.11
8.15
4.L3
8.3s
8.43
8.s0
8.s1
I.s7
8 .57
8 .57
8.57
8.s9
8.s7
8.s7
8.52

18 .48 0 .22 384
s.49 0.06 490
4.83 0.06 568
4. s8 0.07 606
4.65 0.03 549
4.02 0.0s s82
2.2L 0.02 22L
3.83 0.04 356
4.02 0.0s 328
4.06 0. 0s 296
4 .39 0 .0s 286
4.42 0.05 278
4.s9 0. 06 277
4.59 0.05 277
t+.66 0.06 277
4.73 0. 07 26s
4.72 0. 0s 266
4.96 0.06 267
4.s6 0.0s 288

366 <50

296
356
393
402
397
504
19L
3s2
337
3L4
296
287
276
263
268
2s9
260
257
2s3

<50
<50
<50
<50
<50
<50

L49 <50
<50
<50

L49 <50
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TabLe 23. chemical analysis for the Alnasippi soil treated wirh H3po4-
urea + MAP - average of two replicates.

section pH p Total p 
"^2*., 

y]g2* . NO3 -+No2 - NH4++NH3

=== = == yq,p: -E øl { -

Table 24. chemicar analysis for the Almasippi soil rreared wirh MAp
alone - average of two replicates.

Secrion pH p Total p Ca2+. ylg2*. NO3-+NO2- NH4++NH3

="^= yq=.,! ^. ,. r-1 ,
0 .2s 7 .s7 307.09

0.25
0.75
L.2s
r.75
2.2s
2.7s
3.25
3 .15
4.25
4.75
s.25
5.75
6.2s
6.75
7 .2s
7.75
8.25
8.75
9 .25
9.75

8 .87
8.91
8.91
8.83
8.68
8.47
8.31
8.15
8.13
8.26
8 .41
8.47
8.s9
8.63
8.64
I .69
8.66
8.68
8.7L
8.66

8.81
8.82
8.82

404.95
85.61
L2.45
9.80
7 .L8
5 .I+4
4.87
/+. 80
4.6L
3.94
3.83
3.98
4.L9
4.33
4.52
4.5s
4.s7
4 .66
4 .65
4.59

4.57
L.02
0.13
0. rl
0.09
0.07
0. 0s
0.06
0. 0s
0.0s
0.04
0. 0s
0. 05
0.0s
0.0s
0.06
0 .05
0. 05
0.06
0. 05

274
265
262
237
280
386
493
s77
s43
476
378
334
297
279
274
264
264
2s8
27r
273

138
L49
L97
247
304
34L
362
390
377
372
34s
334
310
286
268
253
254
246
245
239

225
206
2s9
326
420
555
670
725
708
6sL
600
489
41s
374
3L7
268
185
L78
L73
Ll3

1304
1116

944
692
5s6
309
L67

62
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

0.75 8.07
L.25 8.24
L -7s 8.47
2.25 8. sB
2.75 8.63
3.25 8.71.
3.15 8.74
4.25 8.77
4.75 8.77
5.2s 8.78

2s.70 0.22 377
4.04 0.0s 37s
3. s8 0.0s 328
3.81 0.03 289
3.98 0.04 283
4.L5 0.0s 256
4.L2 0. 0s 246
4.24 0.0s 23s
4.34 0.05 236
4.4L 0.0s 23L
4.s3 0.05 230
4.4s 0.06 22s
4.55 0.0s 2L9
4.55 0.05
4.s4 0. 05

230
22s

4.69 0.06 239
4.62 0.0s 220
4.75 0.06 242
4.68 0.06 245

3s9 44s
343
3]-2 3s0
292

<50
408 <s0

284 <s0
<50

<50

<50

<50
<50
<50

27s 2L3 <50
255 L76

288 254

236 L37
224 118
223

238 151 <50
<50
<505.75 8.7s

6.25 8.82
L07 <s0

<50
<50

99 <50

2L7 100
2r3 1016.75 8.81

7 .2s 8.82
7.7s
8.2s
8.75

2L6
2L7 95
220 99
2L6 100

9 .25 8.80 220 L04 <50
9.75 8.78 2I7 108 s0
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Table 25. Chemical analysis for the Almasippi soil Lreated with urea +
TSP - average of two replicates.

secrion pH p Toral p 
"^2* 

., y]g2* 
" 

No3 -+NO2 - Ntt4++NlI:
cn ue E-L ^E pl s L t"i A- -' t"à s,-L"

0 .25 8 . 84 380. 23 t+.L6 27
0.75
L.25
L.7s
2.25
2.7s
3.2s
3.75
4.25
4.7s
5.25
5.75
6.25
6.75
7 .2s
7.75
8.25
8.7s
9.25
9.7s

8.92
8.89
8.80
8.sB
8.39
8.25
8.L7
8.20
8.42
8.4s
8.52
8.s7
8.7L
L64
8.55
8.6s
8 .64
8 .64
8.59

L49
L99
244
310
362
398
400
12L
34s
339
320
302
26L
263
254
249
245
249
239

224
299
363
s04
597
t03
669
168
499
424
36L
318
29L
269

1110
965
790
522
290
T24
<50
<50
<50
<50
<50
<50
<50
<50

20.73 0.27 277
12.01 0.I2 242

9 .48 0.I2 223
6 .7I 0.08 293
s.35 0.06 4Lt
+.89 0.06 539
4. 83 0.06 s86
I.47 0.0s 168
3.70 0.0s 402
4.04 0.0s 3s2
4.24 0.0s 311
4.43 0.06 290
4.34 0.0s 26L
4.74 0.06 260
4. 83 0. 0s 259
4.90 0.06 2s6
5.06 0.0s 249
5 .O4 0.06 266
4.86 0.06 ztL

L87 <50
188
183
L73
L75

<50
<50
<50
<50

TabLe 26. chemical analysis for the Almasippi soil rreated wirh TSp
alone - average of two replicates.

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

Section pH p Toral p Ca2+. ytg2*. NO3-+NO2- NH4++llH3,
0.25 7.80 s80.25 6.8
0.75
!.2s
L.7s
2.2s
2.75
3.2s
3.7s
4.2s
4.75
s.25
5.7s
6.25
6.7s
7.25
7.7s
8.25
B.7s
9.2s
9.75

8. s4
8.68
8.72
8.72
8.74
8.75
8.73
8.70
8.7L
8.70
8.71
8.7L
8.70
8 .67
8.69
I .67
8.66
8 .67
I .66

L7.T6
s.L2
4.96
4.97
5.00
s.16
5 .06
s.04
s.10
5.20
5.23
5.23
s.22
5.22
s.16
s.13
5.27
s.27
5.It+

0. 20
0.06
0.06
0.07
0.0s
0 .06
0.06
0.06
0. 06
0. 06
0.07
0.06
0. 06
0.06
0.06
0.07
0. 06
0.06
0.07

23L
23s
226
237
232
2s3
233
230
232
25L
247
239
2s8
244
234
24L
245
24s
247

234
224
2]-8
22L
22r
227
224
226
227
227
229
229
236
230
23s
23s
237
239
243

73
69
66
6s
65
6L
65
68
66
65
69
66
66
68
66
66
66
73
77
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Tan.Le 27. Chemical analysis for the Alrnasippi soil (control) - average
of trvo replicates.

Secrion pH p Toral p Ca2+. ¡utg2* . NO3 -+No2 - NH4++NH3
cm ps E L 

^s t'A s 1 t"; s-L í i;. e-T'0.25 8.09 3.89 0.04 202 rare
0.75
L.2s
L.7 s
2.25
2.75
3.25
3.7s
4.25 8.82

4.64 0.0s zIs
4.66 0.06 2L4
4.74 0.06 226
4.70 0.06 2I2
4.71 0.05 223
4.74 0.06 2]-9
4.84 0.06 228
4.7s 0.06 2I7
4.84 0.06 239
4.86 0.06 22s
4.83 0.06 222
4.77 0.05 232
4.48 0. 06 237

8 .69
8.70
8.76
8.79
8.83

4.40 0.0s 203
4.sL 0.0s 233
4.40 0.06 2L4
4.4s 0.0s 204
4.s3 0.0s 278

8.84 4.60 0.0s 2T7
8. B0

184 t4
L92 69
L84 7L
181 67
18s 68
r9B 68
L89 6s
190 66

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

4.7s
5.25

8.81
8.78

8.78
8.75

198
L92

19s
L99

206
2r0

5.75 8.74
6.2s 8.80
6.7s
7 .2s
7 .7s 8.7I
L25 8.73
8.75 8.71+
9 .25 8.74
9.75 8.70

L97 69

68
68

73
75

52
80 <s0

L96 82

20t 80 <50
2L6 84 <50
2I7 85 <50


